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Abstract: Digital extension services (DESs) play a crucial role in transforming the agri-food
sector while creating the potential to enhance production towards sustainable development
via ensuring resource efficiency, environmental resilience, and economic viability for small-
holder farmers. However, there is less research on the availability and quality of digital
advisory information to provide the foundation for the ways forward to ensure accessible
and timely benefits of science-based extension and innovation for smallholder farmers.
This study used a systematic review method to explore the opportunities and barriers to
develop interactive DESs in developing countries (2005–2021). Features of 141 articles were
summarized resulting in the identification of 13 opportunities and 21 barriers. Opportuni-
ties indicate that interactive DESs were the best source for learning and the exchange of
information/ideas/experiences, useful for enhancing agricultural productivity and prof-
itability, creating network collaboration among farmers and stakeholders, and making
extension service delivery cost-effective. Barriers of interactive DESs include a lack of
a two-way interaction information, lack of a centralized information network between
farmers and service providers, lack of technical know-how on ICTs, poor internet connec-
tion, and lack of effective training on ICTs. However, farmers’ awareness, motivation, and
readiness to use interactive DESs has increased in several countries. It is therefore a great
opportunity to invest in digital platforms as a long-term intervention to boost sustainable
agricultural sustainability.

Keywords: digitalization; opportunities; barriers; review; smallholder farmers; sustainable
agriculture

1. Introduction
Smallholder farmers often find themselves ensnared in a recurring cycle of low produc-

tivity and grappling with constraints related to agricultural product market issues, includ-
ing challenges in accessing information services, technologies, and financial services [1]. A
pivotal governance question arises regarding the effective alleviation of technology infor-
mation and market access constraints faced by smallholder farmers. In recent years, the
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increase in mobile phone usage has leveraged information and communication technolo-
gies (ICTs), such as text messages, training videos, and interactive voice response services,
enhancing the delivery of market and weather information to farmers’ households [2,3].
Additionally, the high adoption rate of high-speed internet connections and smartphones
revolutionized new approaches to digital extension services [4]. The integration of cloud
services, affordable open-source software, and big data analytics has enabled emerging
economies to invest in innovative agriculture technology platforms that can tailor extension
information based on farmers’ individual needs and conditions [5]. This is facilitated by
the synergy of predictive analytics and machine learning algorithms, consolidating data on
weather forecasts, soil conditions, market pricing, and individual farmer characteristics to
formulate and dispense site-specific agricultural recommendations [6].

Traditional extension services have faced limitations stemming from a dearth of ex-
tension personnel, expertise, outdated market access information, timeliness issues, and
inadequate information storage [7]. Consequently, the integration of digitalization becomes
imperative to surmount these challenges by leveraging various ICT tools [8]. Within the
agricultural sector, the interactive digital extension services (DESs) are assuming an in-
creasingly pivotal role in reshaping the agri-food sector as well as creating the potential
to enhance production and mitigate the impacts on national and global food security [4].
There were several studies conducted which showed that understanding advantages and
disadvantages of interactive DESs is critical to support farmers’ access to agricultural infor-
mation for sustainable development [9–13]. For example, the main findings of these studies
showed that if interactive DES systems satisfied the users’ expectations and requirements
they would be an effective tool for the institution, extension services unit, and commu-
nity to make better strategic decisions and extension agents could answer questions with
a reduced workload compared to conventional communication channels. Additionally,
many disadvantages of interactive DES systems were mentioned in these studies, such
as slow internet connectivity, lack of infrastructure in remote areas, lack of trust in the
received information, lack of capacity of extension workers, etc. Although there have been
many studies on interactive DESs, most of them have mainly focused on case studies and
there has been a lack of systematic reviews on this topic. The absence of comprehensive
or systematic reviews on the availability and the types and quality of digital advisory
information has resulted in a lacuna, impeding the establishment of a solid foundation for
ensuring the accessibility and timely benefits of science-based extension and innovation for
smallholder farmers. Thus, the systematic review can identify gaps in the literature and
provide evidence-based insights to inform future studies and policy-making. In the absence
of such an evaluation, the complete extent and consequences of our current knowledge
remain ambiguous, and the potential to enhance DESs for smallholder farmers may be over-
looked. Therefore, this systematic review undertakes an exploration of the opportunities
and barriers in developing interactive DESs for smallholder farmers, aiming to serve as an
effective tool in supporting advisory systems, and improving the governance of DESs as a
pathway to sustainable agriculture. This systematic review offers policy makers significant
insights for developing supportive frameworks and policies that enhance the adoption and
scalability of public investment in interactive DESs. Furthermore, this review aims to direct
future studies towards addressing the research gaps identified in this extensive collection
of literature evaluations. This review seeks to address two main questions: (1) what are
the opportunities presented by interactive DESs and (2) what are the barriers of interactive
DESs in the agricultural sectors?

The structure of this paper is organized as follows: Section 2 delineates the methodol-
ogy employed for the systematic literature review, elucidating the distinct steps involved
in scrutinizing scientific peer-reviewed articles. Following this, Section 3 provides a pre-



Sustainability 2025, 17, 3007 3 of 21

sentation of the key findings, succeeded by a comprehensive discussion in Section 4. This
paper culminates with a conclusion in Section 5 that accentuates the implications for future
research and practice.

2. Research Methodology
The systematic review has gained prominence across various disciplines, notably

in health research, and has witnessed a growing application in environmental studies,
encompassing domains such as climate change, water policy, and food security [14,15]. In
contrast to conventional review methods, the systematic review affords a comprehensive
evaluation of the existing knowledge landscape, employing a rigorous and transparent
methodology with the explicit aim of mitigating reviewers’ selection and interpretation
biases [16]. Consequently, the systematic review methodology necessitates a structured
approach in the processes of searching, selection, and analysis [17]. Specifically, the method
entails the use of clearly defined key search terms and unambiguous inclusion and exclusion
criteria to facilitate the judicious selection of eligible literature.

2.1. Selection of Search Keywords and Databases

The identification of key search terms commenced with an initial exploration for
publications referencing DESs or digitalization in the agricultural sector. The objective was
to comprehensively capture all relevant keywords associated with the topic. Subsequently,
the identified keywords were systematically organized into three distinct blocks: the
first block for media devices; the second block for service contents; and the third block
for farming components (see Table S1). A comprehensive search was conducted across
combined databases, including Scopus, Thomas Reuter Web of Science (WoS), and CABI,
to encompass a broad spectrum of related literature. This approach aimed to prevent any
geographical bias by covering diverse subjects, thereby avoiding a selection bias towards
exclusively European (Scopus) or American (WoS) articles [16]. The configuration of the
search was tailored to the specific characteristics of each database (see Table S2).

2.2. Inclusion and Exclusion Criteria

Several inclusion and exclusion criteria were applied to refine the scope of the search.
First, the inclusion of eligible papers was limited to the period between 2005 and 2021. The
starting year, 2005, was chosen because of the following: (1) a large number of people had
access to the internet with a 1 billion virtual population while 3 billion people worldwide
used cell phones by the end of the decade and (2) devices for Web 2.0, social media,
smartphones, and digital TV have strongly developed. Second, subject areas were focused
on environmental, social, and agricultural sciences. Last, only peer-reviewed journal
publications published in English and available electronically were selected. Publications
in other languages, as well as books, book chapters, and gray literature, were excluded.
After removing duplicate records, the final database comprised 4935 articles (Figure 1) from
an initial 6199 retrieved articles.

The next step covered the manual scanning of titles, abstracts, and keywords which
allowed a more progressive focus. Articles related to interactive DESs in the agricultural
sector were included while those unrelated were excluded; for example, articles on formal
education, health, and traditional extension services, etc. (see Table S3). As a result,
1022 articles were selected for full-text reading while 3913 articles were excluded. The full-
text reading of selected articles was classified into 6 groups: (i) articles focused on roles of
DESs; (ii) articles focused on barriers of DESs; (iii) articles focused on opportunities of DESs;
(iv) articles focused on households’ characteristics; (v) articles with interactive DESs; and
(vi) other articles. The group with interactive DESs also included articles with roles, and/or
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barriers, and/or opportunities, and other research issues but focuses on interactive DESs.
According to the definition provided by the Food and Agriculture Organization, interactive
DESs entail the delivery of advisory services through various means, including context-
specific text messages, interactive voice responses, smartphone applications facilitating
access to multimedia advisory content, farm inputs, and potential buyers. Furthermore,
this approach incorporates the utilization of satellite systems and drones for the analysis
and enhancement of farmer activities. Using this definition of DESs, the sample size of
the systematic research was further reduced by selecting only articles in the interactive
DES group. The articles with only one-way communication DESs were not selected, except
for the combined conventional services and interactive ones. These criteria resulted in
141 relevant articles discussing opportunities and barriers of farmers using interactive
DESs. The identification of indicators for analyzing the information collected from the
141 selected articles depended largely on the research questions and research objectives. The
main indicators included regional focus, year, thematic scope, type of DESs, opportunities
of DESs, and barriers of DESs. Based on the research objectives, the analysis of indicators
was identified in detail and interpreted in Table S4.

Figure 1. Data collection for systematic review process.

2.3. Research Limitations

While systematic reviews are meticulously designed to achieve comprehensiveness
and transparency, it is essential to acknowledge and address certain limitations inherent
in this research for future considerations. Firstly, the focus was exclusively on published
peer-reviewed articles in the English language, thus excluding valuable insights from gray
literature, books, and book chapters. Secondly, despite the incorporation of precautionary
measures in the research design to encompass all pertinent keywords and search queries, it
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is conceivable that some articles within the searched databases might have been inadver-
tently excluded due to variations in terminology or keyword usage. Thirdly, the review’s
scope was confined to three specific databases, potentially limiting the scope of the analysis,
as other databases could have yielded additional relevant articles. Lastly, this study built
a search query and timetable for searching the articles in 2021. Reviewing and analyzing
articles took quite a lot of time. In addition, reviewing articles when sending the manuscript
to journals also requires a certain amount of time, so the final number of reviewed articles
was determined in 2021. Future studies should be mindful of these limitations and may
consider broadening the inclusion criteria to enhance the comprehensiveness of the review.

3. Results
3.1. Descriptive Results

Figure 2a–d present a descriptive overview of our systematic review results for the
141 articles. The years in which documents were published show an upward trend from
2015 onwards (Figure 2a). The number of studies on interactive DESs has increased rapidly.
More than 79% (n = 111) of the analyzed papers were published after 2015. Although the
systematic review started from 2005, none of the papers were published before 2007. While
there were no published papers before 2007, they increased to six and eight in 2014 and 2015,
respectively, and thirteen and twenty-two in 2016 and 2017, respectively. This observation
confirms the notion that the digital transformation provided the impetus for increased
research on interactive DESs in general [18]. Figure 2b shows that a large proportion of
the included articles focus on the African countries (42%, n = 59) and Asia (37%, n = 52),
providing a total of 111 articles. A relatively small proportion of the literature covered
other regions, including Europe, America, and Australia with 5%, 6%, and 1%, respectively.
Nine articles did not mention any particular country or region.

In terms of thematic scope, the majority of reviewed articles focused on five categories:
information services (n = 104), methods for applying digital technologies (n = 16), farming
education (n = 10), digital technologies (n = 9), and payment for ICTs (n = 1). Studies on
services for digitizing agricultural products or applying digital technologies in predicting
the tendency of agricultural production or markets were rarely mentioned in the reviewed
papers [8,19,20]. The majority of studies (n = 103) implicitly referred to barriers and
opportunities when farmers access information through digital devices (e.g., [15,21–26]).

Regarding the thematic focus of information service provision (Figure 2c), this study
analyzed the types of information provided in the reviewed articles more in depth. Ac-
cording to the synthesized analysis of 104 reviewed articles, we divided the information
into three main groups: input information for agricultural production (e.g., [25]), output
information for products (e.g., [21]), and general farming information (e.g., [27]). The re-
sults showed that 88 reviewed articles mentioned input information for integrated farming
(n = 40) (e.g., [28,29]), crop production (n = 19), agricultural extension services (n = 9), live-
stock production (n = 6), aquaculture (n = 6), agro-weather information/climate services
(n = 5) (e.g., [30]), and irrigation systems (n = 3) [31–33]). Regarding output information for
products, there were 10 reviewed articles that mentioned digital platforms/e-commerce
(n = 3) [23,34,35] and agricultural marketing (n = 7) (e.g., [20,36–39]). Only 6 reviewed
articles were about general information provision, such as rural development (n = 2) [28,29]
or agricultural development (n = 6) [2,27,32,40–42] (see Figure 2d), while only 11 out of
141 reviewed articles mentioned gender issues. This indicates that gender issues in DESs
are less prioritized as an issue in interactive DES studies from 2005 to 2021.
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Figure 2. (a) Number of publications by year; (b) regional focus; (c) thematic scope of articles; and
(d) types of digital information services.

3.2. Types of Digital Extension Services

In the analysis of the 141 scrutinized articles, to ascertain the types of DESs, prior-
ity was accorded to discerning the digital devices utilized by farmers for receiving and
exchanging information. The identification of digital devices was conducted through statis-
tical methods, relying on the frequency of occurrences within the reviewed articles. This
approach facilitated a quantitative assessment, enabling the characterization of prevalent
digital devices employed through digital extension services. The result of the meta-analysis
in Figure 3 shows that smart mobile phone devices were mentioned the most in reviewed ar-
ticles with n = 138, accounting for 97.9% (e.g., [43–50]); followed by computers with internet
connection mentioned in 54 articles, accounting for 38.4% (e.g., [33,51–54]). Farmers used
other devices to receive information such as mobile phones without internet connection
(e.g., [55,56]), radio (e.g., [57–59]), television (e.g., [60–62]), ICT in general (e.g., [63–69]),
and DVDs (e.g., [70–72]), which appear in 21, 16, and 5 of the reviewed articles, respectively.
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Figure 3. Types of digital extension service devices.

The analysis of the reviewed articles showed that the smartphone was the most conve-
nient device used to receive and communicate agricultural extension services due to its
ease of use in combination with low costs for equipment and sim cards (3G or 4G services),
including the low cost for electrical charging (n = 111) (e.g., [21,32,46,73–75]). According to
several authors (n = 87) (e.g., [30,71,76]), computers have become more common among
farmers to receive and exchange information, through sending emails or participating in
forums and other communication platforms, or store information for production planning.
However, the analysis from different studies showed that the use of computers is only
suitable for the target group of young farmers with relevant knowledge and skills and those
with economical and regulatory conditions as well as large-scale production [10,77,78].
Other types were not disseminated for reasons such as being inconvenient (like radio,
e.g., [79–81]), depending on the source providing the information (as with television,
e.g., [82–85]), or not being suitable for information that needs to be fast and timely (as with
DVDs, e.g., [2,40,41,86–88]).

With DESs, the results of the reviewed articles identified six types of services, which
included input information services for agricultural production (n = 94) (e.g., [89–91]),
output information services for agricultural products (n = 9) (e.g., [92,93]), ICTs using tech-
nical consulting services (n = 16) (e.g., [21,76,92–94]), training services (n = 10) (e.g., [95,96],
technical provision services in agricultural production (n = 9) (e.g., [97–99]), and only one
article mentioned the service of the commercialization of products (putting agricultural
products on the floor and digitizing agricultural products) [100].

The types of services used is determined by the farmers’ behavior and the convenience
and effectiveness of a particular service [28,101]. Findings from the review show that farm-
ers mainly used voice-based, short message services and messages from social networks
(including text, voice-based, video calling, or video sending) to receive and give feedback
on information [28,34,92,93,101–103]. In addition, farmers’ preferences were to use voice- or
text-based services in order to obtain farm information [104,105]. The reasons put forward
are that information providing services in the form of voice-based short message services
or messages from social networks are convenient and less demanding in terms of literacy
and mobile phone operating skills [19,106,107].
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3.3. Opportunities in Developing Interactive Digital Extension Services in Agricultural Sector

Table 1 indicates the perceived opportunities of interactive DESs in the agricultural
sector for smallholder farmers. The results from the reviewed 141 articles indicated that
interactive DESs were considered the best source for learning and exchanging information,
ideas, or experiences (71.6%, n = 101) for farmers compared to traditional extension services
(e.g., [108–112]). A total of 54.6% (n = 77) of reviewed articles agreed that interactive DESs
can be useful for enhancing overall agricultural productivity as well as profit and income
for farmers (e.g., [72,113–116]). A total of 51.1% (n = 72) of reviewed articles mentioned that
interactive DESs enabled the creation of networks and collaboration among farmers and
different stakeholders, such as extension workers, agricultural policy makers, or service
providers (e.g., [8,15,117–119]).

Table 1. The opportunities of interactive DESs in the agricultural sector (percentage of articles
(number of articles)).

# Opportunities in Developing Interactive DESs in the Agricultural Sector % (n)

1 Best source for learning and exchanging information/ideas/experiences 71.6 (101)
2 Useful for enhancing overall agricultural productivity/profit/income 54.6 (71)
3 Creating networks and collaboration among farmers and different stakeholders 51.1 (72)
4 Make extension service delivery more cost-effective 40.4 (57)

5 Facilitate the process of farm input procurement (information, financial, fertilizers,
pesticides, weather, climate, making plan, and input supplier) 39.7 (56)

6 Facilitate the marketing of products (supply chains and prices) 36.9 (52)

7 Improve price negotiation capacities, find alternative markets, and enable them to
timely sell or buy at better prices 33.3 (47)

8 Faster and easy access to information (saving time) 33.3 (47)
9 Contacts between farmers and extension workers 32.6 (46)
10 Saving or reducing cost for searching quality information 35.5 (50)
11 Useful for adoption and diffusion of latest agricultural technologies 24.8 (35)
12 Further reduce the operational costs and raise revenue from information services 22.0 (31)

13 Inspiring and attracting rural youths into agribusiness activities as it makes market
information accessible 6.4 (09)

One of the opportunities, according to 57 reviewed articles (40.4%) (e.g., [55,73,120,121]),
that interactive DESs bring to the agricultural sector is making extension service delivery
more cost-effective. Based on the analysis of the 141 reviewed articles, it is evident that
interactive DESs present substantial opportunities for farmers, particularly in streamlining
the process of procuring farm inputs (information, financial, fertilizers, pesticides, weather,
climate, making plan, and input supplier) (e.g., [20,71,122,123]) as well as facilitating the
marketing of products (supply chains and prices) (e.g., [31,49,124,125]). The integration of
social media and mobile devices offers farmers several opportunities to improve their price
negotiation abilities, investigate new markets, and conduct timely transactions at more
advantageous prices for their agricultural goods. Additionally, these digital tools enable
farmers to access information swiftly, thereby contributing to informed decision-making
in their agricultural endeavors (e.g., [57,126–128]). Therefore, the cost of transactions or
accessing information is greatly reduced.

3.4. Barriers of Interactive Digital Extension Services in Agricultural Sector

The results from the reviewed articles in Table 2 show various barriers to effective
perception on the use of the interactive DESs in agricultural sectors. The primary bar-
rier, identified in over 50% of the reviewed articles, is the absence of two-way interaction
information. This pervasive limitation underscores critical challenges in achieving effec-
tive communication and engagement within DESs (n = 94, 66.7%) (e.g., [29,75,76,129–131]),



Sustainability 2025, 17, 3007 9 of 21

such as the lack of a centralized information network for the farmers and service
providers (n = 84, 59.5%) (e.g., [70,72,132–134]); lack of technical know-how on the use
of ICTs (n = 83, 58.9%) (e.g., [26,37,135,136]); poor internet connection (n = 75, 53,2%)
(e.g., [31,44,135,137,138]); and lack of effective training on ICTs (n = 74, 52.5%)
(e.g., [59,66,85,117]).

Table 2. Barriers of interactive DESs in the agricultural sector (percentage of articles (number
of articles)).

# Barriers of Interactive Digital Extension Services in the Agricultural Sector % (n)

1 Lack of two-way interaction information 66.7 (94)
2 Lack of a centralized information network for the farmers and service providers 59.6 (84)
3 Lack of technical know-how on the use of ICTs (users) 58.9 (83)
4 Poor internet connection 53.2 (75)
5 Lack of effective training on using ICTs 52.5 (74)
6 Information services providing poor-quality information 48.2 (68)
7 Electricity problems 46.1 (65)
8 Poor extension services 45.4 (64)
9 Poor infrastructural facilities 45.4 (64)
10 High illiteracy level among farmers 44.0 (62)
11 Untimely information inputs provision 43.3 (61)
12 Lack of capacity of extension staff 43.3 (61)
13 High cost for investment and use 42.6 (60)
14 Lack of ICT facilities for service providers 39.0 (55)
15 Lack of trust in information from social networks 34.8 (49)
16 Lack of human resources to support farmers to access digital extension services 33.3 (47)
17 Lack of applicable software 32.6 (46)

18 Lack of understanding or low awareness of how to obtain benefit from the various
ICT options 27.0 (38)

19 Local language not used in social media 26.2 (37)
20 Lack of interest in using ICTs 17.0 (24)
21 Social and culture barriers 14.2 (20)

One of the main barriers listed is the deficiency in the two-way interaction between
farmers and service providers [54,132,135]. This has serious implications for the success and
effectiveness of interactive DESs for farmers. For example, Etwire et al., [43] highlighted
that the lack of interaction of weather forecasting services through text messages affected
farmers’ decision-making process in agricultural production. The provision of information
services to farmers and the lack of feedback interaction between farmers and service
providers leads to a large amount of information provided to farmers that is not applicable
or is still very vague when applied [109].

Particularly, in developing countries in Asia (e.g., [110]) and Africa (e.g., [39]) the
analysis of the reviewed articles showed that the absence of a centralized information
network for farmers and service providers has been appraised as a critical factor imped-
ing the effective receipt of information and the proliferation of diverse types of DESs
in the agricultural sector. The majority of service centers were situated in urban areas,
distant from rural regions. Furthermore, impediments arising from poor communica-
tion infrastructure hindered the optimal utilization of ICTs, particularly mobile phones or
smartphones (e.g., [94,116,139,140]). As the people in the villages have less technological
advancement, they easily face complications in using mobile phones (e.g., [132,141,142]).
Numerous reviewed articles (e.g., [81,128,135,137,138]) underscored the lack of centralized
DES providers coupled with challenges in securing finances and establishing connections
with private DES providers as major barriers. Addressing these issues necessitates the
implementation of a flexible mechanism to effectively overcome these barriers.
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A lack of technical know-how on the use of ICTs, particularly among farmers in rural
areas, is also a barrier which needs to be tackled [39,43,74,137]. For example, Lu et al. [15]
stressed that in order to increase the capacity of farmers in accessing and receiving services
from DES providers, farmers need to understand how to use and operate ICTs, especially
social networks and other supporting apps in smart phones. However, research results
in India (n = 26) (e.g., [37,38,143]) and Bangladesh (n = 3) [55,110,116] reveal that farmers
in these countries, particularly those in ethnic minority and disadvantaged areas, have
faced limitations in understanding how to effectively utilize ICTs. Additionally, in these
regions, there is a deficiency in robust networks, resulting in poor internet connectivity [102].
Verdouw et al., [137] highlighted that the absence of access to a reliable internet connection
contributes to an increased cost associated with using phone services (where the service
charges are higher than internet usage costs). This limitation significantly hampers the
process of accessing information from service providers delivering DESs, particularly those
involving image services (e.g., [21]) or video calling services [49]. Hence, the absence of
supporting infrastructure for DESs in utilizing ICT was explicitly referenced in more than
52.5% (n = 74) of the reviewed articles (e.g., [1,59,99]).

Table 2 shows a list of barriers that both service providers and farmers of digital
agricultural extension services have faced. For farmers, when social networks develop,
information services are provided more abundantly, but it also means that the quality
of information might not be high enough (48.2%, n = 68), and the quantity is too much.
Information through social networks has not been quality tested (e.g., [22,38,144,145]), so
farmers also lack trust in information from social networks and lack confidence in the
information they receive (34.8%, n = 49) (e.g., [22,79,87]). The illiteracy level among farmers
is quite high (44.0%, n = 66) in many rural areas in Asia (e.g., [15,50,110]) and Africa
(e.g., [21,45,47]). Therefore, they are not interested in the use of ICTs and do not understand
the value and benefits of DESs through ICT equipment.

For service providers, there is a poor quality and lack of interactive DESs provided to
farmers (45.5%, n = 64) (e.g., [36]) due to the limited capacity of extension staff to use ICTs
(43.3%, n = 61) (e.g., [3]; limited ICT types of equipment (39.0%, n = 55) (e.g., [65]); lack of
human resources to support farmers in accessing DESs (33.3%, n = 47) (e.g., [77]); and lack
of applicable software (32.6%, n = 46) (e.g., [46]. Thus, interactive DESs provide untimely
information inputs (43.3%, n = 61), especially in developing countries (e.g., [19,46,83,141]).

In connection to technical factors related to ICTs, electricity emerged as a predominant
issue, being explicitly cited in 65 of the reviewed articles (e.g., [1,24,58]). ICTs in general,
and mobile phones or smartphones in particular, rely on electricity for charging. Especially
when using the internet, electricity is a very important issue [3]. However, an inadequate
electricity supply may hinder the use of ICTs for farmers. Hence, the utilization of elec-
tronic devices poses significant challenges for farmers, particularly those in ethnic minority
and disadvantaged areas. At the same time, 64 reviewed articles (45.4%) mentioned that
infrastructure supports for digital extension services, such as internet lines (e.g., [116])
and centers or broadcasting stations (e.g., [119]), were also very poor and limited for the
development of digital extension services. Furthermore, for farmers in low-earning areas,
the cost of ICT equipment, as well as the cost to use and maintain the service, is quite
expensive for them (42.6%, n = 60) (e.g., [90,125]). Within the cost categories mentioned in
60 reviewed articles, 31 articles highlighted that the purchase of a mobile phone was per-
ceived as a significant financial burden for farmers. Furthermore, the high cost associated
with paying for internet services is also underscored (n = 27) (e.g., [135,146]), as well as pay-
ing for telephone services (n = 20) (e.g., [67,71]). Other high costs that farmers have to pay
when using digital extension services include the high cost of an alternative power supply
(n = 14) (e.g., [23]); high cost of data subscription (n = 12) (e.g., [112]); high cost of mainte-
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nance of ICTs (n = 12) (e.g., [81]); and high cost for digital technologies (n = 2) ([127,147]).
In addition, some (n = 20) articles mentioned social and cultural barriers, including farmers’
belief in their own culture, respect for tradition, pride and dignity, and relative values
(e.g., [67,71]).

4. Discussion
This paper aims to systematically review the prevalence of opportunities and bar-

riers in interactive DESs targeting smallholder farmers as a way to ensure sustainable
agricultural development. In total, we identified 141 reviewed papers worldwide. Findings
identified 13 main opportunities and 21 main barriers related to interactive DESs. Accord-
ing to findings from the reviewed papers, farmers’ awareness, motivation, readiness to
use the interactive DESs, and the available ICT tools have increased. Therefore, interactive
DESs are evaluated as the best source of learning and information exchange platforms
in the agricultural sector. In domestic and global markets, growing demands for agri-
cultural products are opportunities in agriculture and rural development for developing
countries [148]; for example, changing agricultural policies and creating an open business
environment are timely mechanisms to cope with global changes and emerging needs
to include access to agricultural inputs and technologies that assist farmers in boosting
production [149]. Several ways to enhance the capacity of farmers to access and utilize
agricultural information are increasing, which includes the promotion of the availability,
quality, and timely delivery of agricultural information services, raising farmers’ awareness
and applying alternative approaches to disseminate information of existing information
channels to different groups of farmers, particularly the marginalized isolated and ethnic
minority groups.

Interactive DESs and the enhancement of access to services that include roads, commu-
nication, and media services represent additional opportunities for connecting smallholders
to markets and market information. In Ethiopia, agricultural extension service agents, along
with various partner organizations including telecommunications, set up a hotline advisory
service system. Farmers can now use mobile phones to call and receive free guidance
on production technology or agronomic practices [21]. Development agents suggest that
embracing DESs and establishing farmer groups could enhance technology transfer at
the grassroots level, facilitated by the contributions of model farmers [53]. It creates an
effective working environment through networks and collaboration among farmers and
different stakeholders. From that, DESs have lessened the challenges that development
agents encountered when attempting to connect with numerous farmers [150].

In developing countries, the government is dedicated to enhancing the livelihoods
of farmers by putting resources into agricultural extension services [151]. For example, in
Ethiopia [151] and Vietnam [152] the state has created many mechanisms–policies with
the aim of calling for investment from many stakeholders, including different public–
private organizations, to support farmers to improve their livelihoods through investment
services. As a result, the current policies and strategies for agricultural development are
viewed as beneficial to agricultural extension. Access to agricultural information and
capacity building for farmers and extension service providers are foundational requisites
for promoting interactive DESs and fostering agricultural development [153,154]. Shifts
in eating habits and increasing consumer expectations represent new opportunities for
agricultural growth. DESs have clearly supported farmers in enhancing the value of
agricultural products, reducing production costs and access time, and checking information
that relates to the agricultural sector. Therefore, there is a great opportunity for interactive
DESs to contribute to assisting farmers in accessing information and activities related to
agricultural development and improving farmers’ livelihoods [155–157].
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The results of this systematic review indicated 13 opportunities, and many previous
research results [76,79,82,86,108] have shown that these opportunities hold the potential
for advocating and developing policies related to interactive DESs as well as overcome
barriers in this systematic review. These opportunities have created many advantages and
utilities for DES users, especially farmers, in the context of technological development
and market integration. One highly significant and promising opportunity presented by
interactive DESs is their role as the optimal information channel for farmers to access and
utilize agricultural services. This is attributed to their ease of access at any time and loca-
tion, ensuring convenience, efficiency, and overall usefulness when farmers have specific
needs [18,27,52,53,71,158]. Interactive DESs are perceived as discussion forums where farm-
ers exhibit less hesitancy and greater confidence when accessing, using, and engaging in
discussions related to their agricultural production towards sustainability [60,77]. Address-
ing income, particularly for impoverished households, stands out as one of the primary
concerns. Interactive DESs have been identified as a potential solution, as evidenced by
several previous research studies.

Nevertheless, this research also demonstrates that the potential of DESs is not com-
pletely achieved, as they encounter significant obstacles. In developing nations, smallholder
farmers face several major limitations to interactive DESs, including socio-economic issues,
resource shortages, social hierarchies, and psychological factors [159–161]. The findings
of this systematic review indicate that the most notable barriers include (i) institutional
characteristics of the policy and governance system, such as the lack of two-way interaction
information and lack of a centralized information network for the farmers and service
providers; (ii) governing resources, such as a lack of financial resources for using and apply-
ing interactive DESs and investing in infrastructures and facilities (i.e., internet, electricity,
road systems, etc.); and (iii) the policy analytical capacity of civil servants (i.e., extension
workers) and farmers’ capacities, such as skills, attitudes, knowledge, and financial re-
sources. According to Audu, B.S [162], for interactive DESs to be effective and efficient,
these barriers should be addressed.

In most developing countries, the government has a national strategy or long-term
strategic vision for an agricultural extension system. In recent years, several policies and
institutions that are related to interactive DESs were issued. However, those policies are
in the form of documents and have not been implemented in practice. In the current
context, digital agricultural extension services require a two-way interaction between
stakeholders in the service delivery process. However, a critical barrier mentioned in most
of the reviewed papers is that the digital agricultural extension services only provide one-
way services from the service provider without any interaction or feedback from service
users. Technology transfer is another area that the agricultural extension system focuses
on. Brhane et al. and Kari et al. claim that agricultural extension has not focused much on
developing problem-solving skills and the organizational bodies need to assist farmers in
helping themselves [163,164]. The system is highly structured in a top-down technology-
transfer fashion. Farmers may be encouraged to “take and use” new technologies using
interactive DESs, which have limited communication and exchange, to obtain user input
and encourage users to create and modify information from services to fit their own needs.

In Vietnam, the State and the units managing and implementing agricultural activities,
specifically the Ministry of Agriculture and Rural Development and the National Agricul-
tural Extension Center, do not yet have a center for the management, coordination, and
provision of agricultural extension services for farmers, particularly interactive DESs [152].
Although, there have been several organizations that have worked on interactive DESs,
such as agricultural enterprises, telecommunication, NGOs, etc. This greatly affects the
control of information sources and the quality of information when provided to farmers.
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Although regulations on the management of digital agricultural extension services have
started to be issued in developing countries like Vietnam [152], Bangladesh [55], these
regulations lack clarity regarding coercive power and a clear division of tasks and re-
sponsibilities. Digital agricultural extension services require strict and multi-dimensional
management, following a bottom-up approach, putting the needs of users first. However,
in most of the developing countries the governance of DESs follow a top-down approach.

Therefore, we contend that in order to handle the complex contextual variables and in-
tegrate both top-down and bottom-up approaches, a flexible institutional arrangement and
organizational structure are required. Interactive DESs are a key part of the government’s
current, vigorous digital transformation efforts in agriculture. Additionally, funding for
these initiatives has been found and allocated. However, we discover that the method by
which funds are distributed for the creation and deployment of interactive DESs at various
governmental levels is more of a barrier than the actual quantity of funding. Burch [165]
argues that assisting in the efficient use of current resources is more crucial than locating
additional financial resources.

In addition, the analytical capacity of extension workers and farmers plays decisive
roles in performing key functions in accessing and using interactive DESs. Therefore, the
imperative nature of policies aimed at augmenting the proficiency of agricultural extension
personnel cannot be overstated. However, the capacity was found to be limited at the local
levels due to the lack of effective training on using ICTs for extension workers or lack of
technical know-how on the use of ICTs among the farmers. Existing training programs
have not adequately facilitated learning, transferring, and co-learning knowledge about
digital extension services for both extension workers and farmers. Interactive DESs, such
as social networks, exhibit a low awareness of how to obtain a benefit from the various
ICT options [160,166]. Sudden changes in approaches and implementation strategies in
interactive DESs contribute to increasing the number of farmers who do not trust the state
extension and planning system.

Understanding the interaction of the three main barriers of interactive DESs at different
levels of government is important for policy makers and practitioners to support farmers
overcoming some of these barriers. It requires comprehensive assessment that is aimed at
understanding the intricacies of different causes that create barriers in DESs. In particular,
further research needs to pay attention to gender issues in DESs. Previous studies have
shown that women are more involved in agricultural activities and need to access and use
DESs. However, the review results show that women are still facing a number of barriers,
such as a lack of financial resources to access smart devices and knowledge and the lack of
skills to access and use interactive DESs.

As mentioned above, the number of barriers is quite large compared to the opportu-
nities for developing interactive DESs. However, the opportunities were found to have
potential, especially in creating many advantages and utilities for DES users. Therefore,
to adequately address and enhance the realization of these opportunities and mitigate
barriers, several recommendations should be raised. A key recommendation for policy
development in agricultural advisory services is to enhance interactive DESs in developing
countries by establishing a clear legal mandate for DESs that make it a primary concern
instead of a criterion to be considered in the annual plan of the agricultural sector. State
agencies need to cooperate together to build a digital platform, emphasizing the impor-
tance of unifying management units and establishing digital extension centers to provide
quality, informative, attractive, and truthful DESs. Addressing this main cause would
concurrently tackle numerous related barriers, including those related to financial aspects,
accountability, coordination, and modalities of usage. Improving the understanding of DES
providers and farmers on how to effectively use these services is essential. Additionally,
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education and skill enhancement for extension workers at the local levels and for farmers
will be crucial to further advance the access and use of interactive DESs. During COVID-19,
smartphones and internet technologies have been widely used by smallholder farmers,
presenting a significant opportunity to integrate or develop user-friendly digital extension
services. Particularly, establishing linkages among departments managing and operating
interactive DESs in both private and public sectors, especially between digital extension
service providers and farmers, is critical to narrowing the gap in addressing issues and
applying techniques and information related to agricultural production. Implementing
communication strategies to raise the awareness about digital transformation for farm-
ers and agricultural extension staff is also important to contribute to the development of
interactive DESs.

5. Conclusions
Interactive DESs remain an unexplored study area in the agriculture literature, which

offers significant opportunities for smallholder farmers and agricultural development.
The reviewed 141 papers point to a number of opportunities to bring smallholder farm-
ers to adopt DESs for developing agriculture towards a digitalized future. In total,
13 opportunities were identified indicating that interactive DESs are considered as the best
source for learning and exchanging information/ideas among stakeholders, specifically
between smallholder farmers and extension workers as well as agricultural entrepreneurs.
Interactive DESs are also useful for improving the overall income of smallholder farmers
through increased agricultural productivity and cost-effectiveness. Overall opportunities
for interactive DESs access increased as the internet developed and expanded in develop-
ing countries. Market information access, in both farm input procurement and marketing
agricultural products, has been facilitated by DESs offering several options for smallholder
farmers in this digital age.

Findings show that discussions surrounding opportunities and barriers in interactive
DESs remain new yet are accelerating and progressing. Fundamental study and exploration
on barriers in interactive DESs developed an extensive list of possible barriers in interactive
DESs. The results affirm the notion that interactive DESs are non-linear undertakings;
situational conditions and particular factors are paths to understanding barriers and their
analyses. The primary problem for interactive DESs is the absence of interaction between
providers and receivers (smallholder farmers) and the lack of a centralized information
network for farmers and service providers. It requires that we shift from the inventory
questions of “if” and “which” barriers to interactive DESs toward more analytical questions
of “why” and “how” these barriers emerge, then how to address them. The literature
holds promise in this direction. Accepting that interactive DESs are a process involving
multi-dimensional, variable-rich, and even chaotic conditions implies that our understand-
ing of barriers to interactive DESs must evolve, providing more scientific legitimacy and
institutional support that entails emerging questions on the real limiting factors requiring
innovative solutions. Moving past exploratory and inductive assumptions about barriers
and addressing the analytical difficulties that contextuality presents are essential to devel-
oping scientific discussions and understanding the characteristics of barriers to interactive
DESs. This advancement is not only crucial for scientific progress but is also a vital step in
supporting institutions, policy makers, and implementers who are key facilitators in the
timely and effective development of interactive DESs, particularly in developing countries.
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et al. AgroTutor: A mobile phone application supporting sustainable agricultural intensification. Sustainability 2020, 12, 9309.
[CrossRef]

57. Ngowi, E.; Mwakalobo, A.; Mwamfupe, D. Making ICTs work for agro-pastoral livelihood: Using the telecentre as learning tool
for agro-pastoralists communities in Tanzania. J. Sustain. Dev. 2015, 8, 89.

58. Oladele, O.; Gitika, M.; Ngari, F.; Shimeles, A.; Mamo, G.; Aregawi, F.; Braimoh, A.; Olorunfemi, O. Adoption of agro-weather
information sources for climate smart agriculture among farmers in Embu and Ada’a districts of Kenya and Ethiopia. Inf. Dev.
2019, 35, 639–654.

59. Prathap, D.P.; Ponnusamy, K.A. Mass media and symbolic adoption behavior of rural women. SIMILE Stud. Media Inf. Lit. Educ. 2007.
60. Mloza Banda, C.; Chapota, R.; Chinkhokwe, P.; Kisebe, J. Creating channels, connections, and communities: Experimenting with

virtual rural agricultural learning communities in Nkhotakota district, Malawi. In Proceedings of the Fifth RUFORUM Biennial
Regional Conference, Cape Town, South Africa, 17 October 2016.

61. Munthali, N.; Van Paassen, A.; Leeuwis, C.; Lie, R.; van Lammeren, R.; Aguilar-Gallegos, N.; Oppong-Mensah, B. Social media
platforms, open communication and problem solving in the back-office of Ghanaian extension: A substantive, structural and
relational analysis. Agric. Syst. 2021, 190, 103–123.

62. Panda, C.K. Advances in Application of ICT in Crop Pest and Disease Management. In Natural Remedies for Pest, Disease and Weed
Control; Elsevier: Amsterdam, The Netherlands, 2020; pp. 235–242.

63. Aziz, M.T.; Khan, A. Utilization of ICTs for Availing Agricultural Information in District Charsadda, Khyber Pakhtunkhwa-
Pakistan. Sarhad J. Agric. 2021, 37, 797–806.

64. Barakabitze, A.A.; Fue, K.G.; Sanga, C.A. The use of participatory approaches in developing ICT-based systems for disseminating
agricultural knowledge and information for farmers in developing countries: The case of Tanzania. Electron. J. Inf. Syst. Dev.
Ctries. 2017, 78, 1–23.

65. Nnenna, E.A. Access and application of information and communication technology (ICT) among farming households of south
east Nigeria. Agric. Biol. J. N. Am. 2013, 4, 605–616.

66. Olaniyi, O.; Adetumbi, S.; Adereti, M. Accessibility and relevance of information and communication technologies (ICTs) among
cassava farmers in Nigeria. Afr. J. Agric. Res. 2013, 8, 4514–4522.

67. Abila, R.; Ojwang, W.; Othina, A.; Lwenya, C.; Oketch, R.; Okeyo, R. Using ICT for fish marketing: The EFMIS model in Kenya.
Food Chain 2013, 3, 48–63.

68. Agbongiarhuoyi, A.E.; Thomas, K.A.; Uwagboe, E.O.; Famuyiwa, B.S. Utilization of ICTs in accessing cocoa beans market
information by cross river state farmers, Scientific Papers Series. Manag. Econ. Eng. Agric. Rural Dev. 2020, 20, 45–51.

69. Aker, J.C.; Ghosh, I.; Burrell, J. The promise (and pitfalls) of ICT for agriculture initiatives. Agric. Econ. 2016, 47, 35–48.
70. Barau, A.A.; Afrad, S.I. An overview of social media use in agricultural extension service delivery. J. Agric. Inform. 2017, 8, 50–61.

https://doi.org/10.1007/s10660-020-09442-z
https://doi.org/10.3390/su12229309


Sustainability 2025, 17, 3007 18 of 21

71. Enwelu, I.; Enwereuzor, S.; Asadu, A.; Nwalieji, H.; Ugwuoke, B. Access and Use of Information and Communication Technologies
by Extension Workers in Anambra State Agricultural Development Programme, Nigeria. J. Agric. Ext. 2017, 21, 152–162.

72. Lamberts, M.; Mayer, H.; Regalado, R.; Hunsberger, A.; Mannion, C. Developing a bilingual video/video podcast to teach clients
how to apply a soil drench insecticide to control a new pest, the fig whitefly. Proc. Fla. State Hort. Soc. 2008, 121, 358–359.

73. Abdullahi, K.A.; Oladele, O.I.; Yusuf, O.J. Use of Mobile Phone Applications by Farmers in North West Nigeria. J. Agric. Ext.
2019, 23, 182–195. [CrossRef]

74. Narine, L.K.; Harder, A.; Roberts, T.G. Farmers’ intention to use text messaging for extension services in Trinidad. J. Agric. Educ.
Ext. 2019, 25, 293–306.

75. Onyancha, O.; Onyango, E. Information and Communication Technologies for Agriculture (ICT4Ag) in sub-Saharan Africa: A
bibliometrics perspective based on web of science data, 1991–2018. Afr. J. Food Agric. Nutr. Dev. Pract. 2020, 20, 16343–16370.

76. Abdus, S.; Khan, M.Z. Farmers’ perception analysis about the use of information and communication technologies (ICT) in
agriculture extension services of Khyber Pakhtunkhwa. Sarhad J. Agric. 2020, 36, 754–760.

77. Liu, M.; Min, S.; Ma, W.; Liu, T. The adoption and impact of E-commerce in rural China: Application of an endogenous switching
regression model. J. Rural Stud. 2021, 83, 106–116.

78. Narine, L.K.; Harder, A.; Roberts, T.G. Farmers’ Preferences for Modern Information Communication Technologies in Trinidad.
J. Int. Agric. Ext. Educ. 2019, 26, 86–104.

79. Alsaghan, B.; Ahmed, D.; Alhotan, A. Social network sites utilized in agricultural extension services in Kingdom of Saudi Arabia.
AGROFOR 2017, 2, 19–27.

80. Apio, L.; Okello, D. Promoting use of ICTs for empowerment of rural women farmers in Uganda. In Proceedings of the Fifth
African Higher Education Week and RUFORUM Biennial Conference 2016, Linking Agricultural Universities with Civil Society,
the Private Sector, Governments and Other Stakeholders in Support of Agricultural Development in Africa, Cape Town, South
Africa, 17–21 October 2016.

81. Mukherjee, P.; Chander, B.S.M. Convergence of dynamic extension approaches for promoting bajra napier hybrid among the
livestock farmers: A success story in Uttar Pradesh. J. Crop Weed 2020, 16, 167–171.

82. Abuta, C.M.-A.; Agumagu, A.C.; Adesope, O.M. Social Media Used by Arable Crop Farmers for Communicating Climate Change
Adaptation Strategies in Imo State, Nigeria. J. Agric. Ext. 2021, 25, 73–82.

83. Nuutinen, M. Online Communities of Practice Empowering Members to Realize Climate-Smart Agriculture in Developing
Countries. In Climate Literacy and Innovations in Climate Change Education; Springer: Cham, Switzerland, 2018.

84. Olaitan, O.K.; Jimoh, F.A.; David, O.O. Appropriateness of Information and Communication Technologies’ (ICTS) Use: A Case
Study of Agricultural Information Dissemination in Ogun State, Nigeria. Int. J. Agric. Ext. 2018, 5, 93–101.

85. Omulo, G.; Kumeh, E.M. Farmer-to-farmer digital network as a strategy to strengthen agricultural performance in Kenya: A
research note on ‘Wefarm’ platform. Technol. Forecast. Soc. Chang. 2020, 158, 120120.

86. Adetumbi, S.I.; Olaniyi, O.A.; Adewale, J. Assessment of use of selected information communication technologies (ICTs) for
extension service delivery: Implication for agricultural development in Nigeria. Int. J. Agric. Manag. Dev. 2013, 3, 131–139.

87. Molina-Maturano, J.; Verhulst, N.; Tur-Cardona, J.; Güereña, D.T.; Gardeazábal-Monsalve, A.; Govaerts, B.; Speelman, S.
Understanding smallholder farmers’ intention to adopt agricultural apps: The role of mastery approach and innovation hubs in
Mexico. Agron. Sustain. Dev. 2021, 11, 194.

88. Swathi Lekshmi, P.; Chandrakandan, K.; Balasubramani, N. Mass media utilization behaviour of farm women. Agric. Sci. Dig.
2015, 36, 51–55.

89. Viscusi, G.; Cabitza, F.; Maurino, A.; Stella, F. Determining factors in ICT adoption by MSME’s in agriculture clusters: An
exploratory case study. In Proceedings of the IEEE 7th International Conference on Research Challenges in Information Science
(RCIS), Paris, France, 29–31 May 2013.

90. Zoundji, G.C.; Okry, F.; Vodouhê, S.D.; Bentley, J.W.; Witteveen, L. Commercial channels vs free distribution and screening of
agricultural learning videos: A case study from Benin and Mali. Exp. Agric. 2020, 56, 544–560.

91. Zoundji, G.C.; Vodouhê, S.D.; Okry, F.; Bentley, J.W.; Tossou, R.C. Beyond Striga Management: Learning Videos Enhanced
Farmers’ Knowledge on Climate-Smart Agriculture in Mali. Sustain. Agric. Res. 2018, 7, 80–91.

92. Umadikar, J.; Sangeetha, U.; Kalpana, M.; Soundarapandian, M.; Prashant, S.; Jhunjhunwala, A. mASK: A Functioning Personal-
ized ICT-based Agriculture Advisory System. In Proceedings of the 2014 IEEE Region 10 Humanitarian Technology Conference
(R10 HTC), Chennai, India, 6 August 2014.

93. Van Campenhout, B.; Spielman, D.J.; Lecoutere, E. Information and Communication Technologies (ICTs) to Provide Agricultural Advice
to Smallholder Farmers: Experimental Evidence from Uganda; International Food Policy Research Institute: Washington, DC, USA,
2018; Volume 1778.

94. Shang, L.; Heckelei, T.; Gerullis, M.K.; Börner, J.; Rasch, S. Adoption and diffusion of digital farming technologies-integrating
farm-level evidence and system interaction. Agric. Syst. 2021, 190, 103074. [CrossRef]

https://doi.org/10.4314/jae.v23i3.16
https://doi.org/10.1016/j.agsy.2021.103074


Sustainability 2025, 17, 3007 19 of 21

95. Subash, S.; Gupta, J.; Gereketi, P. Effectiveness of the interactive web-module on knowledge empowerment of dairy farmers.
J. Anim. Health Prod. 2018, 6, 13–17. [CrossRef]

96. Tegegne, A.K.; Alemu, T.A. SMS-Based Agricultural Information System for Rural Farmers in Ethiopia. J. Usability Stud. 2019,
15, 47–62.

97. Temba, B.; Kajuna, F.; Pango, G.; Benard, R. Accessibility and Use of Information and Communication Tools Among Farmers for
Improving Chicken Production in Morogoro Municipality, Tanzania. Livest. Res. Rural Dev. 2016, 28, 1–9.

98. Thar, S.P.; Ramilan, T.; Farquharson, R.J.; Chen, D. Identifying Potential for Decision Support Tools through Farm Systems
Typology Analysis Coupled with Participatory Research: A Case for Smallholder Farmers in Myanmar. Agriculture 2021, 11, 516.
[CrossRef]

99. Warner, L.A.; Silvert, C.J.; Benge, M. Using Adoption and Perceived Characteristics of Fertilizer Innovations to Identify Extension
Educational Needs of Florida’s Residential Audiences. J. Agric. Educ. 2019, 60, 155–172. [CrossRef]

100. Taragola, N.; Van Lierde, D.; Gelb, E. Information and communication technology (ICT) adoption in horticulture: Comparison of
the EFITA, ISHS and ILVO questionnaires. In Proceedings of the XVI International Symposium on Horticultural Economics and
Management 831, Chiang Mai, Thailand, 28 June 2009.

101. Anand, P.; Kumaran, M. Information seeking behaviour of shrimp farmers and their perception towards technology dissemination
through mobile phones. J. Ext. Educ. 2017, 29, 5787–5796. [CrossRef]

102. George, W.; Jimmy, P.; Charles, M.; Zeyaur, K. An assessment of effectiveness of participatory video and drama in enhancing
learning of “climate-smart” push-pull technology: A case study of butere and vihiga farmers in western Kenya. Int. J. Agric. Ext.
2018, 6, 109–115. [CrossRef]

103. Voss, R.C.; Jansen, T.; Mané, B.; Shennan, C. Encouraging technology adoption using ICTs and farm trials in Senegal: Lessons for
gender equity and scaled impact. World Dev. 2021, 146, 105620.

104. Surudhi, M.; Asokhan, M.; Arunachalam, R. Utilization pattern of extension tools and methods by Agricultural Extension Agents.
J. Ext. Educ. 2017, 29, 5838–5849.

105. Usman, J.; Adeboye, J.; Oluyole, K.; Ajijola, S. Use of information and communication technologies by rural farmers in Oluyole
local government area of Oyo State, Nigeria. J. Stored Prod. Postharvest Res. 2012, 3, 156–159.

106. Joseph, M.K.; Andrew, T.N. Convergence opportunities and factors influencing the use of internet and telephony by rural women
in South Africa and India towards empowerment. Presented at the Conference on Home Informatics and Telematics—ICT for the
Next Billion, Chennai, India, 22–25 August 2007.

107. Michels, M.; Bonke, V.; Musshoff, O. Understanding the adoption of smartphone apps in crop protection. Precis. Agric. 2020,
21, 1209–1226.

108. Arinloye, D.; Linnemann, A.; Hagelaar, G.; Omta, S.; Coulibaly, O.; van Boekel, M. Willingness to pay for market information
received by mobile phone among smallholder pineapple farmers in Benin. In Quality innovation in Food Chains; Bitzer, J.B.a.V., Ed.;
Wageningen Academic Publishers: Wageningen, The Netherlands, 2016; pp. 75–100.

109. Ifejika, P.I. Assessment of fisherfolk information seeking behaviour with mobile phone for improve extension and advisory
services. J. Agric. Sci. 2016, 8, 170–178.

110. Kumar, U.; Werners, S.; Sharmishtha, R.; Sadia, A.; Hoang, L.; Dilip Kumar, D.; Ludwig, F. Role of information in farmers’
response to weather and water related stresses in the Lower Bengal delta, Bangladesh. Sustainability 2020, 12, 6598. [CrossRef]

111. Kumar, V.; Lehri, S.; Sharma, A.K.; Meena, P.; Kumar, A. Image based rapeseed-mustard disease expert system: An effective
extension tool. Indian Res. J. Ext. Educ. 2016, 8, 10–13.

112. Lamm, K.W.; Rumble, J.N.; Carter, H.S.; Lamm, A.J. Agricultural Opinion Leader Communication Channel Preferences: An
Empirical Analysis of Participants of Agricultural and Natural Resource Leadership Development Programs. J. Agric. Educ. 2016,
57, 91–105.

113. Moeletsi, M.; Mellaart, E.; Mpandeli, N.; Hamandawana, H. The use of rainfall forecasts as a decision guide for small-scale
farming in Limpopo Province, South Africa. J. Agric. Educ. Ext. 2013, 19, 133–145.

114. Ogutu, S.O.; Okello, J.J.; Otieno, D.J. Impact of information and communication technology-based market information services on
smallholder farm input use and productivity: The case of Kenya. World Dev. 2014, 64, 311–321.

115. Pezeshki Rad, G.; Haji Hashemi, Z.; Chizari, M. Encouraging and discouraging factors in application of information and
communication technologies in agricultural extension in Isfahan Province of Iran. Int. J. Agric. Manag. Dev. Pract. 2015, 5, 221–234.

116. Rahman, M.H.; Uddin, M.N.; Khan, M. Communication Behaviour of Farmers with the Agricultural Extension Agents Using Cell
Phone: A Case of Bangladesh. Int. J. Agric. Sci. Res. Technol. Ext. Educ. Syst. 2018, 8, 121–127.

117. Rathod, P.; Chander, M.; Rajput, D.S. Livestock Extension Service Delivery by State Department of Animal Husbandry, Karnataka:
A SWOT Analysis. Vet. Pract. 2015, 16, 157–161.

118. Tumbo, S.D.; Mwalukasa, N.; Fue, K.G.; Mlozi, M.R.; Haug, R.; Sanga, C. Exploring information seeking behavior of farmers’ in
information related to climate change adaptation through ICT (CHAI). Int. Rev. Res. Open Distrib. Learn. 2018, 19, 3. [CrossRef]

https://doi.org/10.17582/journal.jahp/2018/6.1.13.17
https://doi.org/10.3390/agriculture11060516
https://doi.org/10.5032/jae.2019.03155
https://doi.org/10.26725/JEE.2017.1.29.5787-5796
https://doi.org/10.33687/ijae.006.02.2454
https://doi.org/10.3390/su12166598
https://doi.org/10.19173/irrodl.v19i3.3229


Sustainability 2025, 17, 3007 20 of 21

119. Umar, S.; Musa, M.W.; Olayemi, Y.T.; Suleiman, R. Awareness and use of Information and Communication Technologies among
extension agents in Kaduna State of Nigeria. J. Agric. Ext. 2015, 19, 66–76.

120. Rivza, B.; Vasilevska, D.; Rivza, P. Impact of digital innovation on development of agriculture in Latvia. In Proceedings of the
18th international scientific conference on engineering for rural development (ERD), Jelgava, Latvia, 22–24 May 2019.

121. Taragola, N.M.; Van Lierde, D.F. Factors affecting the Internet behaviour of horticultural growers in Flanders, Belgium. Comput.
Electron. Agric. 2010, 70, 369–379. [CrossRef]

122. Woźniakowski, T.; Jałowiecki, P. IT systems adoption and its impact on the food and agricultural sector. Acta Sci. Polonorum.
Oeconomia 2013, 12, 45–55.

123. Zhang, Y. Social Enterprises in Organic Farming and Their Usage of IT. In Proceedings of the Twenty-Second Americas Conference
on Information Systems, San Diego, CA, USA, 11–14 August 2016.

124. Sinha, N.; Verma, P. Adoption of ICT enabled Agricultural Extension Services through Perceived Economic Wellbeing: ICT and
PEWB. Int. J. Inf. Commun. Technol. Educ. 2020, 16, 30–41. [CrossRef]

125. Yaseen, M.; Shiwei, X.; Wen, Y.; Luqman, M.; Saqib, R.; Ameen, M.; Hassan, S.; Butt, T.M. Farmers preferred information sources
for agricultural productivity in Hebei province, China. Sarhad J. Agric. 2021, 37, 468–474. [CrossRef]

126. Larsen, C.; Montagu, K.; Lucas, D.; Blaesing, D.; Boland, A.M.; Rogers, G. Evaluating the effectiveness of an integrated extension
delivery approach in the Australian vegetable industry. Rural Ext. Innov. Syst. J. 2018, 14, 124–129.

127. Subashini, K.P.; Fernando, S. Empowerment of farmers through ICT literacy. In Proceedings of the 2017 National Information
Technology Conference (NITC), Colombo, Sri Lanka, 14–15 September 2017.

128. Troxel, T. Case study: An evaluation of extension communication methods. Prof. Anim. Sci. 2010, 26, 250–255. [CrossRef]
129. Sharma, N.R.; Sharma, S.; Sharma, D. Towards a mobile app technology-enabled sustainable agriculture in India. Plant Arch.

2020, 20, 3065–3071.
130. Van Campenhout, B. There is an app for that? The impact of community knowledge workers in Uganda. Inf. Commun. Soc. 2017,

20, 530–550. [CrossRef]
131. Wright, D.; Hammond, N.; Thomas, G.; MacLeod, B.; Abbott, L.K. The provision of pest and disease information using Information

Communication Tools (ICT); an Australian example. Crop Prot. 2018, 103, 20–29. [CrossRef]
132. Silvestri, S.; Richard, M.; Edward, B.; Dharmesh, G.; Dannie, R. Going digital in agriculture: How radio and SMS can scale-up

smallholder participation in legume-based sustainable agricultural intensification practices and technologies in Tanzania. Int. J.
Agric. Sustain. 2021, 19, 583–594. [CrossRef]

133. Uduji, J.I.; Okolo-Obasi, E.N. Adoption of improved crop varieties by involving farmers in the e-wallet program in Nigeria.
J. Crop Improv. 2018, 32, 717–737. [CrossRef]

134. Wan, M.; Chan, F.W.; Zhang, Q.; Dodsworth, E.; Edge, P.; Low, Y.C. ICT/E-Learning Readiness Analysis for Farmers in China.
In Proceedings of the World Conference on Agricultural Information and IT, IAALD AFITA WCCA 2008, Tokyo, Japan, 24–27
August 2008; Tokyo University of Agriculture: Tokyo, Japan, 2008.

135. Siriwardena, B.; Dhanushka, T.; Vidanapathirana, N.; Siriwardena, B. The adoption of e-learning technology for farmers using
extensions to Technology Acceptance Model (TAM). In Proceedings of the Edulearn 18: 10th International Conference on
Education and New Learning Technology, Palma, Spain, 2–4 July 2018; IATED Academy: Valencia, Spain, 2018.

136. Wadkar, S.K.; Singh, K.; Mohammad, A.; Malhotra, R.; Kale, R.B. Identifying the factors governing attitude towards the
e-Agriservice among dairy farmers in Maharashtra, India. J. Agric. Rural. Dev. Trop. Subtrop. 2016, 117, 1–10.

137. Verdouw, C.; Robbemond, R.; Ravensbergen, P.; Beulens, A.; Wolfert, J. Digital horticulture: Adoption and enhancement of
information management in the Dutch horticulture. In Proceedings of the Conference Proceedings EFITA/WCCA’11 Congress,
Prague, Czech Republic, 11–14 July 2011.

138. Wangalachi, A.; Poland, D.; Mugo, S.; Gichuki, S.; Ouya, D.; Kimani, G.; Rabar, J. Experiences in effective communication
on transgenic technology in Africa–the case of the insect resistant maize for Africa (IRMA) project. Afr. J. Biotechnol. 2011,
10, 4694–4698.

139. Walker, S. Value-added weather advisories for small-scale farmers in South Africa delivered via mobile apps. Irrig. Drain. 2021,
70, 505–511. [CrossRef]

140. Yamano, T.; Khanam, T.; Yaguchi, Y. Who Pays for Agricultural Information on Mobile Phones? Evidence from Three Countries
in South Asia. In Proceedings of the 2017 ASAE 9th International Conference, Bangkok, Thailand, 11–13 January 2017.

141. Muktar, B.G.; Man, N.; Saleh, J.M.; Daneji, M.I. Evaluation of ICTs access, use and preferences for livelihood resilience: Results
from a survey of Malaysian fisher folks. J. Agric. Educ. Ext. 2018, 24, 377–388. [CrossRef]

142. Pajk, T.; Van Isacker, K.; Aberšek, B.; Flogie, A. STEM Education in Eco-Farming Supported by ICT and Mobile Applications.
J. Balt. Sci. Educ. 2021, 20, 277–288. [CrossRef]

143. Joseph, J.; Barry, T. Confronting a global pandemic: Responses from Caribbean extension service providers. J. Int. Agric. Ext.
Educ. 2020, 18, 24–33. [CrossRef]

https://doi.org/10.1016/j.compag.2009.09.004
https://doi.org/10.4018/IJICTE.2020070103
https://doi.org/10.17582/journal.sja/2021/37.2.468.474
https://doi.org/10.15232/S1080-7446(15)30587-8
https://doi.org/10.1080/1369118X.2016.1200644
https://doi.org/10.1016/j.cropro.2017.08.023
https://doi.org/10.1080/14735903.2020.1750796
https://doi.org/10.1080/15427528.2018.1496216
https://doi.org/10.1002/ird.2506
https://doi.org/10.1080/1389224X.2018.1479279
https://doi.org/10.33225/jbse/21.20.277
https://doi.org/10.5191/jiaee.2021.28203


Sustainability 2025, 17, 3007 21 of 21

144. Chang, C.-W.; Lindner, J.R. Taiwanese Smallholder Farmers’ Perceptions and Barriers to Adopting Facebook. J. Int. Agric. Ext.
Educ. 2017, 24, 36–51.
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