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Abstract: In the near future, the year 2050, agricultural production should expand to fulfill the
needs of approximately 9.7 billion inhabitants. Such an objective should be harmonized with social,
economic, and environmental sustainability aspects to maintain safe food production and food
security worldwide. For more than a year, the COVID-19 pandemic has raised and is still strongly
disrupting the agro-livestock production sector, similar to several other economic sectors. In this
sector, the relationships between suppliers, producers, and consumers should always continue to
maintain the activity of the production chain, which are impaired by social distancing decisions
taken following the emergence of the COVID-19 pandemic. In this study, a global cross-sectional
survey (translated into four languages: Arabic, English, French, and Spanish) was shared with
people belonging to the agricultural sector to identify: (1) the role of the agricultural information
and communication technologies (ICTs) in agro-livestock farming systems sustainability during the
period of COVID-19 pandemic, (2) the need for such technologies in the agricultural sector, and
(3) the factors that affect the use of such technologies. The results showed that the most frequently
used agricultural ICTs were social media (Facebook and/or WhatsApp; 27.3%) and online platforms
and Internet services (26.3%), whereas robotic vehicles and/or drones (6.6%) were less frequently
used. During the emergence of the pandemic, the major reasons impacting agro-livestock farming
systems’ sustainability were social distancing (30.0%), shortage of labor (17.7%), maintaining precision
farm management (14.8%), product marketing (14.2%), access production inputs (7.2%), and others
(16.1%). Applying agricultural ICTs solved many obstacles related to the production process, such as
maintaining precision farm management (25.6%), product marketing (23.6%), and access production
inputs (16.1%). The subgroup analyses of the results considering the degree of country advancement,
size of agribusinesses, and role/position of respondents in the farm highlighted the importance of
supporting the use, availability, and awareness of agricultural ICTs at least for some groups of people
such as those belong to developing countries, laborers, and small-scale agri-business holders. This
cross-sectional study highlights the urgent need to turn to and to expand the use of new agricultural
ICTs to meet the growing demand for food production in the world and to ensure the resilience and
sustainability of farming systems, specifically under unexpected and extreme conditions.
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1. Introduction

Globally, the agricultural sector (crop and livestock production) accounts for approxi-
mately one-third of the total gross domestic product [1]. In addition, agriculture is the main
source of income for farmers in most developing countries. Moreover, it provides human
food and raw materials for many industries and contributes to environmental ecology.
Approximately 60% of the world’s population depends on agriculture for survival [2].
Recent statistics announced by the Food and Agriculture Organization (FAO) and United
Nations revealed that the pressure on the agricultural sector is increasingly growing, as
the current world population (7.3 billion people) is expected to increase by approximately
33% and to reach 9.7 billion by 2050 [3], with around 113 million people suffering acute
severe food insecurity [4]. Furthermore, agriculture can play a role in zoonotic disease
epidemiology by changing land use (deforestation) and biodiversity. For example, inten-
sive livestock production systems, which encompass large numbers of animals with low
genetic diversity, may amplify pathogens and provide them with an opportunity to mutate
and become transmissible to humans [4,5]. The emergence of the ongoing coronavirus
disease 2019 (COVID-19) pandemic caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and its concomitant difficulties in production and trading
management has worsened the challenges faced by the agricultural sector, compromising
the sustainability of the agricultural sector and exposing the workers in this sector to lose
their livelihood source.

In the era of the COVID-19 pandemic, many restrictive actions have been taken to con-
trol the outbreak, mainly movement restrictions [6], which drastically affect the continuity
of agricultural activities and related agri-food businesses [7-9]. Lockdowns and curfews
prevent farmers from applying regular and precision farming systems/management, ac-
cessing production inputs, marketing agricultural/livestock products, and communicating
with professionals to obtain appropriate extensions and advice, including shortage of
labor/staff [8,10].

In this scenario, the digitalization of agriculture, which refers to tools for digitally col-
lecting, processing, storage, retrieval, and managing and sharing electronic data/information
along the agricultural value chain in multiple formats [11,12], may present an efficient
solution for the ongoing production obstacles. There is currently a revolution in the agri-
cultural information and communication technologies (ICTs), as many vehicles such as
robotic vehicles and drones, computers, radio, internet services, social media, and mobile
applications have been developing.

The agricultural sector has passed through several revolutionary stages. Around
12,000 years ago, the first agricultural revolution occurred when humans started farming.
The second agricultural revolution was related to the end of feudalism in Europe in the 17th
century, while the third agricultural revolution, the green revolution, occurred between the
1950s and 1960s and was related to the introduction of chemical fertilizers, pesticides, high-
yield crops, and heavy machinery. In the 21st century, the fourth agricultural revolution,
a ‘digital agricultural revolution’, emerged and was related to the emergence of digital
technologies and artificial intelligence [13]. In 2019, the FAO [14] focused on the importance
of the newest agricultural revolution based on ICTs as a powerful tool to ensure that
agriculture meets the needs of the global population in the future.

Currently, the market size of agricultural ICTs is constantly growing through different
farming systems and levels in both developed and developing countries [15]. As an exam-
ple, the global smart agriculture market size (investments in agricultural technologies) is
projected to increase threefold by 2025, reaching $15.3 billion (compared to being slightly
over $5 billion back in 2016 [16]). Based on geographic distribution, the global smart
agriculture market size is dominated by North America (the United States, Canada, and
Mexico), Europe (Germany, the United Kingdom, France, and Italy), the Asian-Pacific
region (China, India, and Japan), Latin America, and Middle East Africa. Among these
regions, North America accounted for the largest share of the global smart agriculture mar-
ket in 2017 owing to the growing need to improve agricultural productivity [17]. The smart
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agriculture market is dominated by a few globally established players belonging mainly
to developed countries such as the United States (Deere & Company, Trimble, Topcon
Positioning Systems, and Raven Industries), Sweden (DeLaval), and France (Antelliq) [18].

This positive dynamic in the agricultural ICTs” market size could be ascribed to the
fact that agricultural ICTs are not only important tools for smart farming and/or precision
agriculture, but also for strengthening the communications between the governments,
business owners, consumers, professionals/consultants, and farmers. These integrations
between the parties concerned could help to increase the overall food production and to
boost food security through improving the resilience of the agricultural value chain [19].

Reports and studies conducted during the era of the COVID-19 pandemic have
suggested that the emergence of the pandemic significantly contributed to reshaping
the manner of social communication around the world, emphasizing the necessity of
broadening the digital revolution tools in different farming systems and agricultural value
chains [20,21]. The size of the global digital agriculture market is projected to grow from
$5.6 billion in 2020 to $6.2 billion by 2021, which corresponds to a compound annual growth
rate of 9.9% due to the effects of the COVID-19 pandemic [22]. However, whether farmers
and associated stakeholders are keen to implement agricultural ICTs to maintain farming
system sustainability is unknown. Therefore, the aim of the current global cross-sectional
study is to identify the perceptions of farmers and stakeholders toward the role of ICTs
in farming systems’ sustainability during the period of COVID-19 pandemic, and if the
pandemic affects the development and the need for such technologies in the agricultural
sector. Indeed, factors that affect the use of such technologies such as the attitude and
awareness of individuals and the availability of such technologies for who are involved
in agro-livestock farming systems were considered. Therefore, this study is the first one
directly asking farmers and associated stakeholders worldwide for their perceptions of the
agricultural ICTs benefits during the COVID-19 sanitary crisis and the actions should be
taken to empower the role of these technologies in agro-livestock farming systems. The
structure of this article is made in the following pattern. Section 2 presents the literature
findings about the factors affecting agricultural ICTs use and the role of agricultural ICTs
in maintaining the resilience of agro-livestock farming systems as well as the methodology
and conceptual framework of the study. Section 3 presents the results of this study in
detail. Section 4 consists of discussions, and Section 5 presents the main implications and
limitations of the study and directions for future research.

2. Materials and Methods
2.1. Hypotheses Based on Literature Review
2.1.1. Agricultural Information and Communication Technologies (ICTs): Knowledge,
Availability, and Affordability

The real application of agricultural ICTs requires sufficient awareness of agricultural
ICT handling and utilization skills, which must be assessed. In addition, the readiness and
affordability of well-designed digital infrastructure are crucial requirements for encourag-
ing the use of ICTs by all the users involved in the agricultural sector. The inadequacy of
any of these requirements can easily interrupt the contribution of agricultural ICTs to bene-
ficiaries [23]. These aspects may need hard efforts and certain improvements, specifically
in developing countries, small-scale holders, and users who are likely to suffer from digital
ignorance. For example, a wide gap exists between developed and developing countries
in terms of the availability and acceptability of cellular network technology, 3G and 4G
cellular coverage, which hampers telecommunications efficacy, specifically in marginalized
areas, such as rural areas. Similarly, the accessibility and affordability of digital devices
may present another obstacle. According to a Global System for Mobile Communications
report in 2016, among the 750 million-plus farmers in the 69 surveyed countries, only
approximately 39.3% (295 million) had mobile phones [24]. The largest gap in agricultural
ICT adoption is for medium and small farms in developing countries that do not use
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motorized mechanization (engine-driven equipment, such as tractors, planters, seeders,
harvesters, fertilizer applicators, sprayers, and automatic milking systems) [25].

Despite the existing barriers to the use of agricultural ICTs, a growing body of evi-
dence shows that the progress of agricultural ICT access is a key enabler of agricultural
sector change. Several studies have shown the acceptability of farmers, specifically those
belonging to developing countries and/or having small-scale agribusinesses, to transform
into digital agriculture and the use of agricultural ICTs to improve their agribusiness
outputs [26-28].

Identifying major obstacles that may hinder the use of agricultural ICTs may help
to accelerate the use of such technologies, meeting the global change in communication
patterns in other economic and social sectors [29]. Thus, one objective of this study is to
check the hypothesis that a lack of knowledge, availability, or affordability can be a barrier
to the implementation of agricultural ICTs.

Therefore, we worked on the first hypothesis regarding the importance of, on the one
hand, detailed information provided by farmers/stakeholders about the recent available
ICTs (mobile applications, online platforms, social media, robotic vehicles, and drones) that
can be used as agricultural ICTs and, on the other hand, on obstacles (lack of knowledge,
availability, and affordability) that may restrict the use of agricultural ICTs.

Hypothesis 1 (H1). Detailed information about the recent available agricultural ICTs for users
engaged in the agricultural sector, specifically vulnerable groups, and obstacles that may restrict
the use of agricultural ICTs are crucially required to encourage the use of agricultural ICTs on
the ground.

2.1.2. Role of Agricultural ICTs in Agro-Livestock Farming System Sustainability

The provision of the digital agricultural revolution, including ICTs, big data analysis,
and the Internet of things, can affect all parts of the agricultural value chain, including on-
farm practices and off-farm segments, by improving communication among all agricultural
value chain actors. This improvement can reduce the gap between farmers and information
service providers or large value chain actors (traders, processors, and policy makers) [30,31].
Furthermore, digital agricultural applications can confront challenges that face a growing
demand for food, such as the scarcity of natural resources, climate change, and food
waste, by making the agricultural production/value chains more equitable, efficient, and
environmentally sustainable than before [32]. In this context, the use of precision agriculture
technologies can increase crop and/or animal yields. For example, in US peanut farms,
the use of soil maps is associated with a 13% increase in peanut yield. Another study in
Argentina revealed that a precision agriculture approach created using crop physiological
principles resulted in a 54% higher farm outputs [32]. Digital agriculture, mainly digital
agricultural extension (E-extension), can also improve farmers’ productivity by improving
their skills and knowledge. E-extension services can provide farmers with decision-support
services in easy and simple ways, such as mobile applications, SMS messages, videos, or
other digital platforms. In this context, sugarcane farmers who receive specific agricultural
advice via SMS messages had an 11.5% increase in sugarcane yield [33].

Due to the expected positive roles of agricultural ICTs in sustaining the resilience
of agro-livestock farming systems under normal conditions, the use of agricultural ICTs
during the COVID-19 pandemic era has been proposed as a solution for maintaining agro-
livestock farming systems under the measures of physical distancing and lockdowns [34-36].
Farmers, specifically those belonging to vulnerable groups, suffer from accessing produc-
tion inputs, markets, extension services, and other key services [8]. Thus, many organiza-
tions have launched different ICT-dependent programs to support farmers and producers.
For example, the FAO has launched a specific platform called Technologies and Practices
for Small Agricultural Producers, illustrating over 900 proven practices and technologies
covering 22 aspects related to agro-livestock farming systems (livestock and crop pro-
duction, fishery and aquaculture, forestry, agricultural mechanization, post-harvest and
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marketing, management of natural resources and climate change, food security, capacity
development, and disaster risk reduction), which is available to a global audience [37].

Regardless of the ongoing studies and organizational reports that uphold the positive
roles of agricultural ICTs in maintaining the resilience of the agro-livestock production
chains [37-39], more reliable information is still needed from the beneficiaries themselves
worldwide to evaluate the real impact of using agricultural ICTs during the normal con-
ditions and/or during the pandemic on the outputs of their agribusinesses. That is, the
perceptions and acceptance of agricultural ICTs by farmers and other stakeholders are
key factors of success, which have never been studied in the context of the COVID-19
crisis. Furthermore, this study considered the COVID-19 pandemic as a sort of a social
and economic shock, and then, globally assessed the impact of the pandemic on the re-
silience of the agro-livestock production chains, considering the socio-economic status of
the respondents. From these novel resilience points of view, these evaluations may aid
policy makers and researchers worldwide to discuss the capacity of agricultural ICTs for
supporting agro-livestock production chains to cope with uncertainties related to public
health and its resilience attributes, such as farmers’ entrepreneurship and social networks.

According to a previous literature survey, a conceptual framework was designed
(Figure 1) to obtain information about: (1) the awareness, handling, availability, and
affordability of agricultural ICTs during normal circumstances and during the period of
the COVID-19 emergence and (2) the efficacy of agricultural ICTs during the pandemic
period to sustain the resilience of the agribusinesses. In addition, relationships among
the degree of a country’s development, size of agribusiness, and the role/position on the
farm of respondents were introduced as independent variables to assess their effects on
the dependent variables designed to assess the awareness, handling, and availability of
agricultural ICTs, including the role of ICTs during the pandemic period. The findings
of the study will be important to policy makers to identify the conceivable benefits and
weak points of such technologies and to develop policies, solutions, and innovations for
empowering the role of these technologies in the agricultural sector with an emphasis on
marginalized and vulnerary groups. To the best of the authors” knowledge, this study is
the first global research that uses a four-language translated survey, which helps gather
accurate data and thus avoid language barriers. The research also considers the responses
and perceptions of a large sector of people, not only farmers, who are involved in the
agricultural sector. It presents another important unique feature to our study; as in this
way, a complete overview can be drawn, reaching the most vulnerable actors along the
agro-livestock production chains

Socio-
economic
aspects

A: hypothesis 1 B: hypotheses2 and 3

Improve the
resilience of the

Availabilit Dissemination Agricultural agro-livestock
M of Agricultural ICTs woiegr production chain
ICTs during normal

and critical times

Affordability

Figure 1. Conceptual framework of the study. (A) Hypothesis 1: socio-economic factors, availabil-
ity, and affordability can affect the dissemination of agricultural information technologies (ICTs).
(B) Hypotheses 2 and 3: agricultural ICTs have positive roles in agro-livestock production chains
sustainability during normal and critical times.
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ICTs Uses

2.2. Aim of the Study and Design of the Questionnaire

This study was conducted with the cooperation of researchers from four countries:
Egypt, the Kingdom of Saudi Arabia, France, and Spain. The aim of this study was to
identify the role of ICTs in farming system sustainability (Figure 2) during the period of
the COVID-19 pandemic, and if the pandemic affected the development and the need for
such technologies in agricultural sectors. In addition, factors that affect the use of such
technologies, such as applicants’ attitude and awareness, and the availability of these
technologies for those who are involved in farming systems, were considered. For this
purpose, a specific mixed questionnaire (including closed- and open-ended questions) was
designed and translated into four languages: Arabic, English, French, and Spanish. The
questionnaires were designed with the aid of the Google form platform and consisted of
four main sections.

Agricultural information and communication technologies

Robotic vehicles
and drones

(ICTs)

[

.-5——

=

Rebotic vehicles, wearable and sensor

Farm management
Improve the business performance
keeping social distancing

sensor technology
7> Ak o lc

|

L . Interactive voiée
Social media

Wearable and Mobile
applications ‘

response

Social media, Mobile applications and Voice response
S Extension services

Access production inputs

Marketing of the products
Improve the business performance

keeping social distancing

Figure 2. Information and communication technologies (ICTs) used in agricultural sector and their applications.

The first section is an introduction about the importance and aim of the study and the
eligibility of the respondents (not less than 18 years old and involved directly or indirectly
in farming systems).

The second section includes questions to evaluate the demographic characteris-
tics of participants (gender, age, country, education level, relationship with the agricul-
tural/farming systems, the position of the respondent if working in a farm, and the size
of agribusiness).

The third and fourth sections comprise questions that were designed to evaluate:
(1) the availability and accessibility of agricultural ICT tools and online-dependent services
in general and (2) the importance of agricultural ICTs, the ease of ICT handling and of ICT
accessibility, the ICT use under normal and pandemic conditions, the most common type of
used ICTs under normal and pandemic conditions, the type of production obstacle solved
using agricultural ICTs, and parties concerned with the financial support of agricultural
ICTs. Overall, the questionnaire included one open-ended question (country) and 18 closed-
ended questions. The closed-ended questions included single-choice questions, multiple-
choice questions, Likert scale questions (including very hard = 5 points, hard = 4 points,
intermediate = 3 points, easy = 2 points, and very easy = 1 point). Moreover, the mean of
the Likert scale was used to express the mean of the responses to the question. In contrast,
the open-ended question was a free text answer question.
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Prior to a wider distribution, the questionnaire was preliminarily evaluated for its
fluidity and clarity by sharing each copy with 30 applicants who natively speak the lan-
guage used in each survey. The links of the questionnaires were then shared with those
concerned directly (farmers, farm owners, technicians, and laborers) and/or indirectly
(professionals, extension guides, and scientists) with farming systems through specific agri-
cultural/livestock social and professional farming networks and websites. The respondents
were also asked to circulate the links of the questionnaires among those who belonging
to the agricultural sector and connected to different farming systems. The questionnaire
was posted on different social networks in different countries and volunteers to answer
questions as previously performed in other surveys [23,40].

2.3. Data Handling and Statistical Analyses

The questionnaires were allowed to be answered for three months, starting from
September to November, 2020 (the period of the emergence of the second pandemic wave)
and a total of 516 responses were obtained. Data was collected using an Excel spreadsheet
linked to the online Google form questionnaire. All responses were pre-checked for their
eligibility and surveys containing illogic answers were discarded. Before subjecting the
data for further statistical analyses, the equality of the results was tested using the Levene’s
test (IBM SPPS Statistics 26), which assesses the null hypothesis so that the input variables
from the survey population are in uncorrelated form. In this study, the significance of the
Levene’s test was set at p < 0.05. This means that the null hypothesis can be rejected; thus,
there is a correlation between the variables [41].

Multiple correspondence analysis (MCA) was applied to detect all possible associ-
ations between the studied variables and their categories; the plot (map) showing these
associations is shown in the Supplementary Material (Figure S1). The data subset was used
to study the relationships between: (1) country status (developed v. developing; classified
according to WESP, 2020 [42] on the basis of economic conditions of the country) and (2)
the size of agribusiness (classified according to the guidelines of FAO, 2018 [43]; (a) small:
total agricultural land of the agricultural holding <5 ha and/or animals are bred mainly
for own-consumption, (b) medium: total agricultural land of the agricultural holding >5
and <20 ha and/or animals are bred for both self-consumption and sale, and (c) large: total
agricultural land of the agricultural holding >20 ha and animals are bred mainly for sale),
and (3) the role/position of the respondent (owner, manager, both owner and manager,
technician, laborer, others, and not directly working in a farm). Appropriate statistical
analyses were performed using SPSS software (IBM SPPS Statistics 26) and presented as
count and frequency (%) for each variable. The Chi-square (x?) test was used to compare
frequencies of distributions of the different answers. Statistical significance was set at
p <0.05.

3. Results
3.1. Demographic Characteristics of Respondents

Among the 516 respondents of 27 countries, most were from Egypt (24%), Pakistan
(20%), Mexico (17%), and the Kingdom of Saudi Arabia (12%) (Figure 3). In addition,
71.3% and 28.7% of them were citizens in developing and developed countries, respectively.
Among the respondents, 59.6% were male, whereas 39.2% were female. Moreover, 54.8%
were 18-30 years of age, 27.7% were 31-50 years old, and 16.5 % were >50 years of age.
Most respondents had a university and/or high educational level (86.6%). The respondents
belonged to the agricultural sector as livestock farmers (16.5%), plant production farmers
(8.0%), agro-livestock farmers (16.5%), other types of relationships (advisers, professionals,
and scientists; 41.9%), or had no direct relationship (retailers and sellers; 16.9%) with the
agricultural sector. Of the 516 respondents, 215 were directly involved in the agricultural
work in farms, some were managers (3.9%), owners (3.5%), owners and managers (14.9%),
technicians (16.9%) or laborers (2.5%). The rest of the respondents (301) were indirectly
involved in agricultural work in a farm but were advisers, professionals, and scientists
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(44.6%) or had other roles (13.8%). Regarding the size of agribusiness, 16.7%, 21.8%, and
11.5% were small, medium, and large businesses. Meanwhile, 49.5% of the respondents
were indirect owners (Table 1).

others NN
Spain  EEEEEETEY
Saudi Arabia [ TEY
Pakistan [ T
Mexico
France [NENEEN
Egypt [
T

Ecuador

Developed countries
(n=8)

Developing countries
(n=19)

| R————

-Latin America and Caribbean (Mexico, Ecuador,
Chile, Argentina, Brazil)

-Middle East and North Africa (Egypt, Saudi Arabia,
Tunisia, Jordan, Libya, Sir Lanka)

-South Asia (Pakistan, India)
-Sub- Saharan Africa (Sudan, Uganda, South Africa)

-East Asia and Pacific (Australia)

-Europe and Central Asia (Spain, France, Germany,
Ireland, Italy)

-Middle Eastand North Africa (Kuwait)
-North America (USA)

Figure 3. Geographic distribution of the participants (516 responses of 27 countries).

Table 1. Demographic characteristics of the respondents.

No. of Responses  Frequency

Variable Category (n = 516) (%)
Gender
Male 308 59.6
Female 202 39.2
Do not wish to answer 6 1.2
Age
18 to 30 years of age 283 54.8
31 to 50 years of age 143 27.7
>51 years of age 85 16.5
Do not wish to answer 5 1.0
Country
Developed 148 28.7
Developing 368 71.3
Educational level
Preparatory education 6 1.2
Vocational education 22 43
Secondary education 18 3.5
University education (Bachelor) or higher 447 86.6
None of the previous 7 14

Do not wish to answer 16 3.1
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Table 1. Cont.

Variable Category No. of Responses  Frequency

(n = 516) (%)
Relation to the agricultural sector
Plant production farmer 47 8.0
Livestock production farmer 99 16.8
Both fields (crop and livestock) 84 16.5
Other types of relationships (adviser, scientist, etc.) 207 41.7
No direct relationship 79 16.9
Position/role in the farm (if working in a farm)
Only manager 20 3.9
Only owner 18 3.5
Both owner and manager 77 14.9
Technician 87 16.9
Labor 13 2.5
Other 71 13.8
Do not work in a farm (advisers, professionals, and scientists) 227 44.6
Size of agribusiness
Small scale 99 16.7
Medium scale 119 21.8
Large scale 74 115
Not an owner 224 49.5

3.2. Awareness, Handling, and Availability of Agricultural ICTs in General

The data gathering about the awareness, handling, and availability of agricultural
ICTs is shown in Table 2. The means of Likert scale for the handling of agricultural ICTs
and the ease of accessing agricultural ICTs in general were 3.45 & 0.24 and 3.35 £ 0.45,
respectively. Most respondents (75.6%, 390/516) had previous knowledge of agricultural
ICTs, and 51.0% had previous knowledge of agricultural ICTs even before the emergence of
the COVID-19 pandemic. The respondents who use agricultural ICTs, in general, revealed
that the most common types of used ICTs were social media (Facebook and/or WhatsApp,
27.1%), online platforms and Internet services (25.4%), and mobile applications (22.4%). In
contrast, interactive voice response (9.8%), wearable and sensor technology (8.0%), and
robotic vehicles and/or drones (7.2%) were less commonly used. The respondents who
had not used agricultural ICTs yet revealed that the major obstacles preventing the use
of agricultural ICTs were the lack of awareness (34.1%), the high cost of agricultural ICTs
(29.1%), and unavailability (27.3%). The other obstacles preventing the use of agricultural
ICTs were the difficulty of use (6.4%) and thinking that such technologies are not beneficial
technologies (3.2%).

Table 2. Responses of the participants regarding the awareness, handling, and availability of agricul-
tural information and communication technologies (ICTs).

. No. of Frequency
Variable Category Responses ! (%)
Knowledge of ICT applications 516

Yes 390 75.6

No 126 244
Ease of handling technological tools in general (3.45 £ 0.24) 516

Very hard (1) 32 6.2

Hard (2) 60 11.6

Intermediate (3) 170 33.0

Easy (4) 150 29.0

Very easy (5) 104 20.2
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Table 2. Cont.

Variable Category Re;(()).n(;fes 1 Fre?:/i t;ncy
Ease of accessing technology services (3.35 £ 0.45) 516
Very hard (1) 36 7.0
Hard (2) 73 14.2
Intermediate (3) 172 33.3
Easy (4) 142 27.5
Very easy (5) 93 18.0
Most common type of used ICTs (if yes) 1021
Robotic vehicles and/or drones 81 7.2
Wearable and sensor technology 91 8.1
Online platforms and Internet services 288 254
Mobile application 254 224
Social media (Facebook and/or WhatsApp) 307 27.1
Interactive voice response 111 9.8
Obstacle preventing the use of ICTs 220
It is unavailable 60 27.3
I'have no idea about agricultural ICTs 75 34.1
Difficult to use 14 6.4
Expensive technologies 64 29.1
Not beneficial technologies 7 3.1

! Number of responses differ according to the type of question (one choice, multiple choice, or op-
tional/conditional question).

3.3. Role of Agricultural ICTs during the COVID-19 Pandemic

Table 3 presents the role of agricultural ICTs during the COVID-19 pandemic in
maintaining farming system sustainability. Most respondents answered that they thought
that agricultural ICTs are beneficial technologies either during the normal conditions
(95.0%) or during the pandemic period (91.1%). Nearly half of the respondents (51.7%)
answered that they use ICTs as routine technologies regardless of the emergence of the
pandemic, and 18.2% answered that they started to use ICTs after the emergence of the
pandemic. However, 30.1% revealed that they had never used agricultural ICTs to execute
or monitor their agribusinesses. The respondents who used agricultural ICTs during the
pandemic revealed that the most common types of used agricultural ICTs were social media
(Facebook and/or WhatsApp, 27.3%), online platforms and Internet services (26.3%), and
mobile applications (18.4%). Meanwhile, interactive voice response (13.0%), wearable and
sensor technology (8.4%), and robotic vehicles and /or drones (6.6%) were less frequently
used. The respondents revealed that during the emergence of the pandemic, the major
reason that impacted farming system sustainability was social distancing and movement
restrictions (30.0%), shortage of labor (17.7%), maintenance of precision farm management
(14.8%), product marketing (14.2%), access production inputs (7.2%), and others (16.1%).
According to the respondent answers, the main obstacle that was solved using agricultural
ICTs was maintaining precision farm management (25.7%), product marketing (23.8%),
social distancing and movement restrictions (16.5%), and access production inputs (15.5%).
Last, the respondents answered that agricultural ICTs are financially supported by authority
and government (39.3%), personal support (32.0%), international and local organizations
or specific educational support programs (24.0%), and no support (18.3%).
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Table 3. Responses of the participants regarding the role of agricultural information and communication technologies (ICTs)

during the pandemic period.

Variable Category No. of Responses ! Frequency (%)
Time of using ICTs 516
After the pandemic 94 18.2
Routine technology regardless the pandemic 267 51.7
Never use 155 30.1
Do ICTs have a beneficial impact in general 516
Yes 490 95.0
No 23 4.4
Don’t know 3 0.6
Do ICTs have a beneficial impact during the pandemic 516
Yes 470 91.1
No 43 8.3
Don’t know 3 0.6
Most common type of used ICTs during the pandemic period (if yes) 1167
Robotic vehicles and/or drones 77 6.6
Wearable and sensor technology 98 8.4
Online platforms and Internet services 307 26.3
Mobile application 215 18.4
Social media (Facebook and/or WhatsApp) 318 27.3
Interactive voice response 152 13.0
Major production obstacle during the pandemic 516
Farm management (extension services, farm monitor, and precision farming) 67 14.8
Access production inputs 45 72
Shortage of labor 89 17.7
Social distancing and movement restrictions 152 30.0
Product marketing 79 14.2
Others 84 16.1
Main obstacle solved by using ICTs during the pandemic 516
Farm management (extension services, farm monitor, and precision farming) 133 25.7
Access production inputs 80 15.5
Shortage of labor 55 10.7
Social distancing and movement restrictions 85 16.5
Product marketing 123 23.8
Others 40 7.8
Who do support ICTs in your country 692
Authority and government 199 28.8
International or local organizations 125 18.1
Specific educational support programs 122 17.6
Personal support 160 23.1
No one 86 124

I Number of responses differ according to the type of question (one choice, multiple choice, or optional /conditional question).

3.4. Effect of Country Status
3.4.1. Relationship between Country Status and the Awareness, Handling, and Availability
of Agricultural ICTs

Approximately three-quarters of the respondents from developed countries selected
“easy” and “very easy” as responses for the degree of the ease of accessing agricultural ICTs
in their countries versus half of those from developing countries (p < 0.05, Table 4). A total of
34.2% of the respondents from developing countries versus 29.7% of those from developed
countries revealed that they can handle agricultural ICTs in an intermediate manner
(p < 0.05, Table 4). Among the suggested types of used agricultural ICTs, a significant
difference was observed for selecting interactive voice being higher in developing countries;
meanwhile, online platforms and Internet services were higher in developed countries.
The proportion of robotic vehicles and/or drones (which are very expensive technologies)
among the main types of used ICTs is low in developed and developing countries, but with
a tendency to be higher in developed countries (7.7 vs. 6.9%, p = 0.124, Table 4). This result is
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logical, but the statistical power of the experimental design does not allow us to detect this
difference. Among the major suggested obstacles that prevent the use of agricultural ICTs,
respondents from developing countries indicated significantly higher responses toward
the cost of agricultural ICTs (30.6% vs. 22.5%, p < 0.05, Table 4). Interestingly, respondents
from developed and developing countries showed the same trend to the answer “it is
unavailable.” This finding may be ascribed to the fact that respondents were thinking of
different technologies in developed countries (more complex and expensive ones) and
developing countries (simpler and cheaper ones), as suggested by the results above.

Table 4. Relationship between the degree of country development (developing vs. developed) and responses of the partici-
pants regarding the awareness, handling, and availability of agricultural ICTs (frequencies and numbers between brackets).

Variable Category 12 Developing Developed
Knowledge of ICT applications (X? = 519.2, p > 0.05) 368 148
Yes 76.9 (283) 72.3 (104)
No 23.1 (85) 27.7 (41)
Ease of handling technological tools in general (X2 =573.2, p <0.001) 368 148
Very hard (1) 4.9 (18) 9.5 (14)
Hard (2) 12.8 (47) 8.7 (13)
Intermediate (3) 34.2 (126) 29.7 (44)
Easy (4) 30.4 (112) 25.7 (38)
Very easy (5) 17.7 (65) ® 26.42 (39)
Ease of accessing technology services (X? =528.5, p < 0.001) 368 148
Very hard (1) 8.4 (31) 3.4 (5)
Hard (2) 17.12 (63) 6.8 (10)
Intermediate (3) 37.82 (139) 22.3b(33)
Easy (4) 25.5 (94) 32.4 (48)
Very easy (5) 11.2b (41) 35.12 (52)
Main type of used ICTs (if yes) (X? = 357.8, p = 0.0167) 780 325
Robotic vehicles and /or drones 6.9 (54) 7.7 (27)
Wearable and sensor technology 7.3 (57) 9.7 (34)
Online platforms and Internet services 24.4° (190) 27.82(98)
Mobile application 21.9 (171) 23.6 (83)
Social media (Facebook and/or WhatsApp) 29.1 (227) 22.7 (80)
Interactive voice response 10.4 2 (81) 8.5 (30)
Main obstacle preventing the use of ICTs (X? = 23.3, p < 0.001) 180 40
It is unavailable 26.7 (48) 30.0 (12)
I'have no idea about agricultural ICTs 33.8 (61) 35.0 (14)
Difficult to use 6.1(11) 7.5 (3)
Expensive technologies 30.6 * (55) 225 (9)
Not beneficial technologies 2.8 (5) 5.0 (2)

1 Number of responses and numbers between brackets differ according to the type of question (one choice, multiple choice, or op-
tional/conditional question). 2 X refers to correlation value estimated by Chi-square test, p refers to the significance of the correlation
between two variables, and different superscript letters (a,b) indicate means with significant statistical differences at p < 0.05.

3.4.2. Relationship between Country Status and the Role of Agricultural ICTs

Despite the equal degree of answers of the respondents from developing and devel-
oped countries regarding the agricultural ICT benefits during normal and/or during the
pandemic period, 62.8% of the respondents from developed countries indicated that they
use agricultural ICTs as routine technologies even before the pandemic versus 47.4% of
those from developing countries. Approximately 21.2% of the respondents from devel-
oping countries shared that they started to use ICTs after the emergence of the pandemic
versus 10.8% of those from developed countries. The same trend was also observed for the
answer “never use” (p < 0.05, Table 5). During the pandemic, the respondents from devel-
oping countries indicated significantly higher responses toward social media and mobile
applications as the main technologies used for agricultural ICTs, whereas the responses
for robotic vehicles and/or drones were significantly higher for those from developed
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countries (p < 0.05, Table 5). Among the suggested production obstacles raised during
the pandemic, the respondents from developing countries (16.8%) expressed significantly
higher responses toward product marketing versus 11.4% of those from developed coun-
tries. Meanwhile, the main obstacle selected by those from developed countries was the

shortage of labor (21.0% vs. 15.8%, p < 0.05, Table 5).

Table 5. Relationship between the degree of country development (developing vs. developed) and responses of the

participants regarding the role of agricultural ICTs during the pandemic period (frequencies and numbers between brackets).

Variable Category 12 Developing Developed
Time of using ICTs (X% =530.3, p < 0.001) 367 148
After the pandemic 21.22(78) 10.8 b (16)
Routine technology regardless of the pandemic 47.4° (174) 62.8 % (93)
Never use 31.42 (115) 26.4 " (39)
Do ICTs have a beneficial impact in general (X? = 518.0, p > 0.05) 386 148
Yes 94.8 (349) 95.3 (141)
No 44 (15) 4.7(7)
Don’t know 0.8 (4) 0.0 (0)
Do ICTs have a beneficial impact during the pandemic (X? = 519.2, p > 0.05) 368 148
Yes 90.8 (334) 91.9 (136)
No 8.4 (30) 8.1 (12)
Don'’t know 0.8 (4) 0.0 (0)
Main type of ICTs during the pandemic period (if yes) (X2 =556, p =0.035) 828 439
Robotic vehicles and/or drones 6.6 ° (55) 27.82 (122)
Wearable and sensor technology 8.6 (71) 6.2 (27)
Online platforms and Internet services 25.42 (210) 22.1°(97)
Mobile application 17.8 (147) 15.4 (68)
Social media (Facebook and/or WhatsApp) 28.6 2 (237) 18.5b (81)
Interactive voice response 13.0 (108) 10.0 (44)
Major production obstacle during the pandemic (X? = 523.1, p < 0.001) 368 148
Farm management (extension services, farm monitor, and precision farming) 12.5 (46) 14.2 (21)
Access production inputs 9.5 (35) 6.8 (10)
Shortage of labor 15.8 b (58) 21.02 (31)
Social distancing and movement restrictions 28.8 (106) 31.1 (46)
Product marketing 16.8 2 (62) 11.4° (17)
Others 16.6 (61) 15.5 (23)
Main obstacle solved by using ICTs during the pandemic (X? = 121.06, p < 0.001) 364 152
Farm management (extension services, farm monitor, and precision farming) 23.6 (82) 30.6 (47)
Access production inputs 19.22 (66) 8.3b(13)
Shortage of labor 9.6 (33) 17.42 (27)
Social distancing and movement restrictions 17.9 (62) 20.8 (32)
Product marketing 26.12 (90) 17.4° (25)
Others 3.6 (13) 5.5(8)
Who do support ICTs in your country (X? = 248.55, p < 0.001) 489 202
Authority and government 27.4 (134) 32.2 (65)
International or local organizations 17.8 (87) 18.3 (37)
Specific educational support programs 18.8 (92) 14.8 (30)
Personal support 23.7 (116) 21.8 (44)
No one 12.3 (60) 12.9 (26)

1 Number of responses, numbers between brackets, differ according to the type of question (one choice, multiple choice, or op-
tional/conditional question). 2 X2 refers to correlation value estimated by Chi-square test, p refers to the significance of the correlation

between two variables, and different superscript letters (a,b) indicate means with significant statistical differences at p < 0.05.
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Compared with the respondents from developed countries, those from developing
countries indicated significantly higher responses toward product marketing (26.1% vs.
17.4%, p < 0.05, Table 5) and access production inputs (19.2% vs. 8.3%, p < 0.05, Table 5) as
the main obstacles solved by applying ICTs. The shortage of labor was significantly higher
for those from developed countries than for those from developing countries (17.4% vs.
9.6%, p < 0.05, Table 5)

3.5. Effect of Agribusiness Size
3.5.1. Relationship between Size of Agribusiness and the Awareness, Handling, and
Availability of Agricultural ICTs

Approximately 15.2% and 17.7% of the respondents respectively owning small- and
medium-scale agribusinesses versus 31.1% of those owning large-scale agribusinesses
revealed that they easily handle agricultural ICTs (p < 0.05, Table 6). Among the ma-
jor obstacles that prevent the use of agricultural ICTs, respondents owning small-scale
agribusinesses indicated significantly higher responses (30.4%) toward the unaffordability
of the technologies than those owning medium-scale agribusinesses (21.1%) and large-scale
agribusinesses (14.3%) (p < 0.05, Table 6).

Table 6. Relationship between the size of agribusiness and responses of the participants regarding the awareness, handling,

and availability of agricultural ICTs (frequencies and numbers between brackets).

Variable Category 12 Small-Scale Medium-Scale Large-Scale
Knowledge of ICT applications (X? = 0.932, p = 0.627) 99 119 74
Yes 80.8 (80) 78.2 (93) 83.8 (62)
No 19.2 (19) 21.8 (26) 16.2 (12)
Ease of handling technological tools in general X% =159, p =0.041) 99 119 74
Very hard (1) 10.12 (10) 42b(5) 14° (1)
Hard (2) 13.1 (13) 10.1 (12) 14.9 (11)
Intermediate (3) 38.4 (38) 38.6 (46) 33.8 (25)
Easy (4) 23.2 (23) 29.4 (35) 18.9 (14)
Very easy (5) 15.2b (15) 17.7° (21) 31.12 (23)
Ease of accessing technology services (X? = 11.3, p = 0.183) 99 119 74
Very hard (1) 11.2 (11) 5.0 (6) 13.5 (10)
Hard (2) 20.2 (20) 11.8 (14) 9.5 (7)
Intermediate (3) 33.3(33) 37.0 (44) 31.1(23)
Easy (4) 23.2 (23) 26.1 (31) 27.0 (20)
Very easy (5) 12.1 (12) 20.1 (24) 18.9 (14)
Main type of used ICTs (if yes) (X? = 452.23, p = 0.032) 201 262 197
Robotic vehicles and /or drones 8.5(17) 49 (13) 8.6 (17)
Wearable and sensor technology 11.0 (22) 5.4 (14) 11.2 (22)
Online platforms and Internet services 21.4° (43) 26.32 (69) 249" (49)
Mobile application 19.3 (39) 23.3 (61) 23.9 (47)
Social media (Facebook and /or WhatsApp) 27.4 (55) 28.6 (75) 22.8 (45)
Interactive voice response 12.4 (25) 11.5 (30) 8.6 (17)
Main obstacle preventing the use of ICTs (X? = 22.7, p = 0.012) 64 57 21
It is unavailable 30.42(17) 21.1b (12) 14.3 20 (3)
I'have no idea about agricultural ICTs 28.6 (16) 29.8 (17) 38.1(8)
Difficult to use 7.1(12) 8.7 (5) 14.3 (3)
Expensive technologies 28.5 (16) 40.4 (23) 33.3(7)
Not beneficial technologies 5.4 (3) 0.0 (0) 0.0 (0)

I Number of responses, numbers between brackets, differ according to the type of question (one choice, multiple choice, or op-
tional/conditional question). 2 X refers to correlation value estimated by Chi-square test, p refers to the significance of the correlation
between two variables, and different superscript letters (a,b) indicate means with significant statistical differences at p < 0.05.
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3.5.2. Relationship between Size of Agribusiness and the Role of Agricultural ICTs

Approximately 27.3% and 21.9% of the respondents respectively owning small- and
medium-scale agribusinesses versus 17.6% of those owning large-scale agribusinesses
revealed that they started using agricultural ICTs after the emergence of the pandemic
(p < 0.05, Table 7). A total of 72.8% and 52.1% of the respondents, respectively, owning
large- and medium-scale agribusinesses indicated that the agricultural ICTs were routine
applications regardless of the emergence of the pandemic versus 35.4% of those owning
small-scale agribusinesses. For respondents owning small-scale agribusinesses, 33.0%
indicated that the main obstacle solved using agricultural ICTs was product marketing,
whereas 24.4% of those owning medium-scale agribusinesses selected “access production
inputs” (p < 0.05, Table 7).

Table 7. Relationship between the size of agribusiness and responses of the participants regarding the role of agricultural
ICTs during the pandemic period (frequencies and numbers between brackets).

Variable Category 1> Small-Scale =~ Medium-Scale Large-Scale
Time of using ICTs (X2 =263, p <0.001) 99 119 74
After the pandemic 27.32(27) 21.82(26) 175 (13)
Routine technology regardless the pandemic 35.3b (35) 52.12(62) 73.02 (54)
Never use 37.42 (37) 26.12 (31) 95b(7)
Do ICTs have a beneficial impact in general (X? = 22.7, p = 0.728) 99 119 74
Yes 93.9 (93) 95.8 (114) 97.3 (72)
No 6.1 (6) 4.2 (5) 2.7 (2)
Do ICTs have a beneficial impact during the pandemic (X? = 2.3, p = 0.684) 99 119 74
Yes 91.9 (68) 89.99 (107) 90.9 (90)
No 8.1(6) 10.1 (12) 8.1(8)
Don’t know 0.0 0.0 1.0 (1)
Main type of used ICTs during the pandemic (if yes) (X? = 157.2, p = 0.01) 196 277 176
Robotic vehicles and /or drones 8.2 (16) 5.8 (16) 5.7 (10)
Wearable and sensor technology 11.72 (23) 79b (22) 8.0° (14)
Online platforms and Internet services 23.5b (46) 25.6 b (71) 31.82 (56)
Mobile application 15.3 (30) 18.8 (52) 17.6 (56)
Social media (Facebook and/or WhatsApp) 29.6 (58) 26.4 (73) 23.3 (41)
Interactive voice response 11.7 (23) 15.5 (43) 13.6 (24)
Major production obstacle during the pandemic (X? = 16.7, p = 0.01) 99 119 74
Farm management (extension services, farm monitor, and precision farming) 21 22(21) 11.8b (14) 12.1° )
Access production inputs 1(8) 14.3 (17) 14.9 (11)
Shortage of labor 18 2 (18) 22.7 (27) 13.5 (10)
Social distancing and movement restrictions 26.2 (26) 26.1 (31) 25.7 (19)
Product marketing 15.2 (15) 7.6 (21) 18.9 (14)
Others 11.1 (11) 7.5(9) 14.9 (11)
Main obstacle solved by using ICTs during the pandemic (X* = 10.8, p = 0.038) 99 119 74
Farm management (extension services, farm monitor, and precision farming) 33.3 ( 3) 21.0 (25) 33.7 (25)
Access production inputs 14.1b (14) 24.42 (29) 95b(7)
Shortage of labor 5.1(5) 10.1 (12) 9.5 (7)
Social distancing and movement restrictions 9.1(9) 8.4 (10) 17.6 (13)
Product marketing 33.32 (33) 27.7° (33) 21.6° (16)
Others 5.1 (5) 8.4 (10) 8.1 (6)
Who do support ICTs in your country (X? = 170.4, p = 0.117) 128 152 106
Authority and government 30.5 (39) 26.3 (40) 30.2 (32)
International or local organizations 24.2 (31) 21.1 (32) 22.6 (24)
Specific educational support programs 14.8 (19) 18.4 (28) 17.0 (18)
Personal support 20.3 (26) 25.0 (38) 18.9 (20)
No one 10.2 (13) 9.2 (14) 11.3 (12)

I Number of responses, numbers between brackets, differ according to the type of question (one choice, multiple choice, or op-
tional/conditional question). 2 X refers to correlation value estimated by Chi-square test, p refers to the significance of the correlation
between two variables, and superscript letters (a,b) indicate means with significant statistical differences at p < 0.05.
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3.6. Effect of Role/Position in the Farm
3.6.1. Relationship between Role/Position in the Farm and the Awareness, Handling, and
Availability of Agricultural ICTs

The subgroup analyses for the relationships between the role/position in the farm
and the degree of ease and accessibility of agricultural ICTs suggested that 30.8% and
53.9% of laborers selected “hard level” as a response for both questions compared with
other roles/positions (p < 0.05, Table 8). Laborers showed the lowest responses for the
use of online platforms and Internet services as agricultural ICTs, whereas the highest
responses were for social media (p < 0.05, Table 8). Regarding the reason preventing the
use of agricultural ICTs, 60.0% of managers (only) selected “expensive technologies”, 55.6%
of owners (only) chose “unavailable technologies”, and 46.2% of laborers selected “I have
no idea about agricultural ICTs” (p < 0.05, Table 8).

3.6.2. Relationship between Role/Position in the Farm and the Role of Agricultural ICTs

The respondents who acted as owners and managers (34.6%) revealed that they started
to use agricultural ICTs after the emergence of the pandemic, whereas those who acted
as managers only (70.0%) or technicians (62.1%) expressed that ICTs were routinely used
regardless of the emergence of the pandemic. Meanwhile, 46.2% of laborers shared that they
have never used such technologies (Table 9, p < 0.05). Technicians expressed that the main
obstacle solved using agricultural ICTs was product marketing, whereas managers/owners
and laborers expressed that it was farm management (Table 9, p < 0.05).
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Table 8. Relationship between the role/position in the farm and responses of the participants regarding the awareness, handling, and availability of agricultural ICTs (frequencies and

numbers between brackets).

Variable Category Monly Only Both Owner and Technician Labor Other Do Not Work in
anager Owner Manager a Farm
Knowledge of ICT applications (X? = 230.1, p < 0.001) 20 18 77 87 13 71 227
Yes 85.02 (17) 61.1° (11) 90.9 @ (70) 75.9 2P (66) 38.5¢ (5) 73.2 ab (52) 73.1 (166)
No 15.0 (3) 389 (7) 9.1(7) 24.1 (21) 61.5 (8) 26.8 (19) 26.9 (61)
Ease of handling technological tools in general (X? = 256.2, p < 0.001) 20 18 77 87 13 71 227
Very hard (1) 5.0 (1) 5.6 (1) 9.1°(7) 14.9 2 (13) 7.7° (1) 5.6 (4) 40" (9)
Hard (2) 15.0° (3) 22.23b(4) 6.5 (5) 9.2°(8) 30.82 (4) 16.9 (12) P 16.3b (37)
Intermediate (3) 30.0 (6) 33.3 (6) 28.6 (22) 40.2 (35) 46.1 (6) 33.8 (24) 31.6 (72)
Easy (4) 30.02 (6) 11.1° (2) 32.52 (25) 27.6 2P (24) 1542 (2) 26.8 2P (19) 27.8° (63)
Very easy (5) 20.0 2P (4) 27.82 (5) 23.320(18) 812 (7) 0.0 (0) 16.9 20 (12) 20.3 2P (46)
Ease of accessing technology services (X> = 243.6, p < 0.001) 20 18 77 87 13 71 227
Very hard (1) 0.0° (0) 0.0 (0) 3.8b(3) 35b(3) 15.42 (2) 8.52b (6) 7.92b (18)
Hard (2) 5.0 (1) 11.11° (2) 7.8 (6) 12.6° (11) 53.82 (7) 12.7b (9) 10. 6 (24)
Intermediate (3) 35.02 (7) 38.92 (7) 28.6 2 (22) 42,52 (37) 15.4b (2) 33.82 (24) 31.32 (71)
Easy (4) 35.02 (7) 33.32 (6) 33.82 (26) 29.92 (26) 0.0 (0) 19.7 2P (14) 30.82 (70)
Very easy (5) 25.0 (5) 16.7 (3) 26.0 (20) 11.5 (10) 15.4 (2) 25.4 (18) 19.4 (44)
Main type of used ICTs (if yes) (X? = 358.5, p = 0.021) 59 25 177 216 24 176 455
Robotic vehicles and /or drones 27.2(2) 24.0 (4) 26.0 (16) 24.5 (6) 8.3 (4) 38.0 (11) 25.6 (38)
Wearable and sensor technology 34 (5) 16.0 (2) 9.1 (16) 2.8 (17) 16.7 (1) 9.1(12) 8.4 (37)
Online platforms and Internet services 8.52(16) 8.02(6) 9.02 (46) 7.9 2b (53) 42 (2)b 9.9 2 (46) 8.12(117)
Mobile application 18.6 (12) 12.0 (4) 7.4 (43) 12.0 (50) 8.3 (6) 19.0 (32) 7.3 (104)
Social media (Facebook and/or WhatsApp) 20.3 2 (13) 16.0b (6) 24.2 3 (43) 23.2 2 (64) 25.02 (9) 26.52 (43) 22.92b (126)
Interactive voice response 22.0b (11) 240" (3) 243" (13) 29.6 2P (26) 37.5(2)2 35.52 (23) 27.73b (33)
Main obstacle preventing the use of ICTs (X? = 64.4, p = 0.002) 5 9 38 27 13 32 97
It is unavailable 0.0 € (0) 55. 62 (5) 15.8 2 (6) 29.6° (8) 7.7°¢(1) 40.7 2 (13) 27.8° (27)
I have no idea about agricultural ICTs 40.02 (2) 0.0 € (0) 23.72b (9) 33.33b (9) 46.2 (6) 2 28.13 2 (9) 4232 (41)
Difficult to use 0.0 € (0) 11.1° (1) 18.42 (7) 0.0 € (0) 7.73b (1) 3.1b¢ (1) 4.1bc(4)
Expensive technologies 60.02 (3) 22.2°(2) 42.1° (16) 33.3b(9) 38.4° (5) 25.0 b< (8) 22.7 b (22)
Not beneficial technologies 0.0 (0) 11.12 (1) 0.0 (0) 3.7° (1) 0.0 (0) 3.1b () 3.1 (3)

I Number of responses and numbers between brackets differ according to the type of question (one choice, multiple choice, or optional/conditional question). 2 X? refers to correlation value estimated by
Chi-square test, p refers to the significance of the correlation between two variables, and different superscript letters (a—c) indicate means with significant statistical differences at p < 0.05.
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Table 9. Relationship between the role/position in the farm and the role of ICTs during the pandemic period (frequencies and numbers between brackets).
Variable Category 12 Mao::;er OOV\IIIrIer a]il(;tlll\/loarv:’arrgeerr Technician Labor Other Do l\iolza‘:]r?\rk m
Time of using ICTs (X% =259.0, p <0.001) 20 18 81 87 13 71 226
After the pandemic 25.0 2 (5) 16.7° (3) 34.6 2 (28) 24.1b (21) 2312 (3)  21.12P (15) 10.1° (23)
Routine technology regardless the pandemic 70.0 2 (14) 389° (7) 50.6 2 (41) 62.12 (54) 30.8° (4) 47.9 (34) @b 48.7 3 (110)
Never use 5.0° (1) 4442 (8) 14.8 b< (12) 13.8 >¢ (12) 46.12 (6) 31.0° (22) 41.23b (93)
Do ICTs have a beneficial impact in general (X?=210.1, p = 0.621) 20 18 81 87 13 71 226
Yes 100 (20) 94.4 (17) 98.0 (79) 96.5 (84) 100 (13) 95.8 (68) 93.8 (213)
No 0.0 (0) 5.6(1) 2.0 (2) 3.5(@3) 0.0 (0) 42 (3) 6.2 (14)
Do ICTs have a beneficial impact during the pandemic (X? = 218.6, p < 0.001) 20 18 81 87 13 71 226
Yes 95.02 (19) 77.8° (14) 92.6 2 (75) 97.7 2 (85) 92.32(12) 88.72b (63) 89.9 @ (203)
No 5.0 (1) 222 (4) 7.4 (6) 2.30 (2) 7.7 (1) 9.9 (7) 9.7 (22)
Don’t know 0.0 0.0 0.0 0.0 0.0 1.4 (1) 0.4 (1)
Main type of used ICTs during the pandemic (if yes) (X2 = 244.5, p = 0.045) 52 24 180 212 26 172 492
Robotic vehicles and /or drones 28.8 (15) 29.2 (7) 27.2 (49) 245 (52) 23.1(6) 29.1 (50) 25.6 (126)
Wearable and sensor technology 5.8 (3) 8.3 (2) 7.8 (14) 4.7 (10) 7.7 (2) 5.8 (10) 7.3 (36)
Online platforms and Internet services 7.7 (4) 8.3 (2) 11.7 (21) 7.1 (15) 3.84 (1) 9.3 (16) 7.9 (38)
Mobile application 17.3 (9) 12.5 (3) 10 (18) 14.6 (31) 7.7 (2) 16.9 (29) 12.2 (60)
Social media (Facebook and/or WhatsApp) 13.5(7) 8.3 (2) 18.9 (34) 19.8 (42) 23.1 (6) 15.7 (27) 19.1 (94)
Interactive voice response 26.9 2 (14) 33.32(8) 24.4° (44) 29. 3 (62) 34.62(9) 23.3b (40) 28.0 2b(138)
Major production obstacle during the pandemic (X? = 285.1, p < 0.001) 20 18 80 87 13 71 226
Farm management (extension services, farm monitor, and precision farming) 0.0 (0) 5.6b (1) 18.8 (15) 2P 8.0(7)b 46.2 (6) @ 14.1 (10) P 1237 (28)
Access production inputs 15.02 (3) 16.72 (3) 15.02 (12) 17.242 (15) 1542 (2) 85P (6) 2.6° (6)
Shortage of labor 25.02 (5) 11.1° (2) 23.72 (19) 13.87 (12) 154 (2) 1837 (13) 159" (36)
Social distancing and movement restrictions 50.0 2 (10) 27.8° (5) 13.7° (11) 32.2 (28) 7.7¢(1) 31.02b (22) 32.6 2 (74)
Product marketing 5.0¢ (1) 27.82 (5) 17.5b (14) 20.72b (18) 154 (2) 12.7° (9) 13.2° (30)
Others 5.0¢ (1) 1112 (2) 11.3 20 (9) 8.1° () 0.0 (0) 15.520 (11) 23.42 (53)
Main obstacle solved by using ICTs during the pandemic (X? = 208.6, p < 0.001) 20 18 77 87 13 70 222
Farm management (extension services, farm monitor, and precision farming) 20.0° (4) 11.1° (2) 31.22 (24) 26.4 2 (23) 38.52 (5) 28.6 2 (20) 23.42b (52)
Access production inputs 25.02 (5) 27.82 (5) 16.9° (13) 10.3? (9) 2312 (3) 2292 (16) 13.5 b (30)
Shortage of labor 15.02 (3) 16.72 (3) 15.6 2 (12) 6.9° (6) 1542 (2) 7.1b(5) 9.0 (20)
Social distancing and movement restrictions 10.0 (2) 5.6 (1) 11.7 (9) 13.8 (12) 7.7 (1) 12.9 (9) 22.5 (50)
Product marketing 25.0° (5) 33.33b (6) 22.1(17)® 40.22 (35) 7.7°(1) 243" (17) 17.6 ¢ (39)
Others 5.0 (1) 5.6 (1) 2.6 (2) 23(2) 7.7 (1) 43(3) 14.0 (31)
Who do support ICTs in your country (X? = 463.317, p < 0.001) 30 19 96 116 21 95 313
Authority and government 23.3(7) 31.6 (6) 26.1 (25) 31.9 (37) 38.1(8) 24.2 (23) 29.7 (93)
International or local organizations 26.72 (8) 15.8° (3) 29.22 (28) 20.72b (24) 19.0 2P (4) 12.6 (12) b 14.7° (46)
Specific educational support programs 13.3 (4) 5.3(1) 16.7 (16) 14.7 (17) 14.3 (3) 22.1(21) 19.2 (60)
Personal support 26.7 (8) 26.3 (5) 19.8 (19) 21.6 (25) 9.5 (2) 31.6 (30) 22.0 (69)
No one 10.0 (3) 21.1(4) 8.3 (8) 11.2 (13) 19.0 (4) 9.509) 14.4 (45)

I Number of responses and numbers between brackets differ according to the type of question (one choice, multiple choice, or optional /conditional question). 2 X? refers to correlation value estimated by

Chi-square test, p refers to the significance of the correlation between two variables, and different superscript letters (a—c) indicate means with significant statistical differences at p < 0.05.
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4. Discussion
4.1. Knowledge of Agricultural ICTs before and after the COVID-19 Pandemic

The results of the present cross-sectional study reveal that regardless of the emer-
gence of the COVID-19 pandemic, most respondents working in the agricultural sector
had sufficient knowledge of agricultural ICTs and their benefits. These results reflect
the global direction toward using agricultural ICTs, the Internet, big data analysis, and
other technological services in different economic and social sectors as an ongoing trend
of globalization [44,45]. Farmers and other agricultural stakeholders now have a good
awareness of the new agricultural ICTs and their beneficial returns on their farming sys-
tems. They believe that digitalization is a new path, which can fundamentally change the
way of communication among suppliers, processors, manufacturers, retailers, and other
stockholders involved in agro-livestock farming systems. This concept is supported by
our findings, as approximately 50% of the respondents indicated that they used at least
one of the agricultural ICTs as a routine application in their agribusinesses even before
the emergence of the COVID-19 pandemic. The same conclusion can be made on the
basis of the availability of agricultural ICTs and the ease of handling, as most respondents
scored high values (very easy, easy, and intermediate) for these variables. However, the
subgroup analyses of our data revealed the need to pay further attention to some categories
to develop their skills toward agricultural ICT use and to improve the affordability of
different agricultural ICTs for them. Stakeholders belonging to developing countries, small
holders, and laborers expressed some difficulties in the use and availability of agricultural
ICTs. These findings are in agreement with those of other previous studies that reported the
importance of supporting vulnerable groups, specifically in developing countries (South
Africa [26], Sub-Saharan Africa [27], and China [46]), and how such support can ensure
the transformation and integration of digital technologies necessary for readiness and
innovation process [46].

Interestingly, a high percentage of these categories revealed that they started to use
agricultural ICTs after the emergence of the pandemic. Thus, the emergence of the pan-
demic has encouraged such categories to use agricultural ICTs to solve production obstacles
and maintain their agribusinesses sustainability while maintaining social distancing in-
structions. In general, during the pandemic period, digital technologies have emerged as
essential tools to disseminate and share information through various digital platforms and
social media as solutions for social distancing measures [35,47].

Notably, a high percentage of the respondents, who had not previously used agricul-
tural ICTs, shared that they did not use agricultural ICTs due to high prices, unaffordability,
and/or their ignorance about these technologies. Increasing the investment in digitalization
technologies can support the agricultural sector in developing countries and help small-
scale farmers yield far-reaching benefits long after the pandemic has passed. However, it
requires increasing efforts and strong partnerships among governments, businesses, and
farmers, including a regulatory environment, to ensure that technologies remain affordable
and accessible, either under normal or extreme conditions [48]. The transfer of agricultural
ICT approaches must adopt flexible and adaptable strategies, which can be initiated by
applying simple strategies, such as regular extension programs and on-farm trials [28].

The revolution of agricultural digitalization has led to the development of different
ICTs with a wide range of applications, which can be applied along the agricultural supply
chain to support the resilience and sustainability of all key elements of this chain. Currently,
several innovative agricultural ICTs may be applied in the agricultural sector, including
cloud computing/big data analysis tools, artificial intelligence, machine learning, digital
communication technologies (mobile phones), digital platforms (e.g., ecommerce platforms,
agro-advisory applications, and e-extension websites), precision agriculture technologies
(sensors and wearable devices), advanced imaging technologies (satellite and drone im-
agery), and automated machinery and agricultural robots [9]. In this study, the most
commonly used agricultural ICTs by the respondents, either before or after the emergence
of the pandemic, were social media (Facebook and/or WhatsApp), online platforms and In-
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ternet services, mobile applications, and interactive voice response. In contrast, agricultural
ICTs, including wearable and sensor technology and robotic vehicles, were less frequently
used. Nevertheless, both were among the major technologies used in developed countries,
specifically during the period of the pandemic emergence. These findings are consistent
with those reported in similar studies [12,49]. For example, Madushanki et al. [49] in-
dicated that Wi-Fi and mobile technology are the most frequently used technologies by
applicants involved in the agriculture and farming industries. Together, these results reflect
the importance of the affordability, price, and ease of use of these technologies. Most
technologies, which depend on mobile phones and Internet services, are easy to use and
available at acceptable prices, thereby making them the common agricultural ICTs used
in the agricultural sector. Today, most farmers have mobile phones and thus can easily
receive targeted agricultural advice through simple texts or voice messages even without
accessing the Internet. The use of such simple technologies has led to real advancements
in the agricultural sector in many countries. For example, in Odisha, India, the Precision
Agriculture for Development organization has delivered free agricultural advice to almost
800,000 farmers through their phones and to other farmers in Bangladesh, Ethiopia, India,
Kenya, Pakistan, Rwanda, Uganda, and Zambia [48]. ICTs play an integrating role in
research—extension—farmer linkage. Mobile and Internet-based technologies are not only
limited to deliver agricultural extensions but also can help farmers and stakeholders access
production inputs and follow consumer demand and product marketing [26].

4.2. Impact of the COVID-19 Pandemic on the Agro-Livestock Production Systems and
Consequences on Agricultural ICT Development

Regarding the role and importance of the agricultural ICTs during the emergence of
the COVID-19 pandemic, the spread of this pandemic is widely believed to have strongly
impacted the agro-livestock production systems worldwide [9,10,50]. The agricultural key
supply chains have been interrupted at different levels due to movement restrictions, lack of
production inputs, market closure, shortage of agriculture labor, and constrained currency
liquidity [8]. Thus, global supply chains in the agricultural and food industries have
struggled to cope with panic buying, followed by forced changes in food consumption
patterns and large declines in incomes [51]. Our cross-sectional study confirmed such
production obstacles during the pandemic period, specifically social distancing, shortage of
labor, and precision farming management. The subgroup analyses of our data revealed the
presence of some specific production obstacles; for example, the respondents belonging to
developed countries indicated that the shortage of labor was one of the specific production
obstacles. It reflects how the pandemic has caused a great shortage of labor, which presents
areal problem for developed countries relying on imported workforce and foreign migrated
laborers [52]. In addition, the subgroup analyses suggested that product marketing was
the main production obstacle that challenged those belonging to developing countries and
small-scale agribusiness owners. These findings may reflect the negative impacts of the
pandemic on the trade and purchasing empower, affecting the agribusiness sustainability
of these vulnerable subcategories.

Interestingly, as inferred from the respondents” answers obtained in this global survey
on agricultural ICTs conducted after the onset of the COVID-19 crisis, applying agricultural
ICTs during the pandemic period has been found to be effective in solving production
obstacles, including precision farm management, product marketing, and social distancing
and movement restrictions. Many farmers, specifically those involved in livestock pro-
duction systems, have imposed the repopulations of animals in their farms, discarding
and killing animals due to weak consumer demands for animal products and surplus
animal products [8]. Moreover, dairy farmers have to dump thousands of milk gallons,
which conflicts with the food security concept and contributes to global food insecurity
crisis [53-55].

Finally, our results indicate for the first time after the onset of the COVID-19 crisis
that there is an international/global trend toward the digitalization of the agricultural
sector, as most respondents belonging to different geographic regions either in developing
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or developed countries revealed that the agricultural ICTs are financially supported by
their authorities and governments. However, more support is still required since a similar
percentage of the respondents revealed that they personally support the agricultural ICTs
that they use. Governments need to take vigorous steps to facilitate agricultural ICTs use
by different stakeholders of the agricultural sector, emphasizing increasing knowledge of
the benefits of such technologies and improving stakeholder skills to use all available agri-
cultural ICTs including those of high technology such as robotics and drones. This would
consequently contribute to empowering the role of the agricultural sector to cope with in-
creasing food demands and to sustain the resilience of the food chain in face of unexpected
crises such that has raised following the emergence of the COVID-19 pandemic [56].

5. Conclusions

According to the first hypothesis (socio-economic factors, availability, and affordability
can affect the dissemination of agricultural ICTs) proposed in this study, our results reveal
that the wide dissemination of agricultural ICTs among farmers/stakeholders still needs
additional support to improve applicants” handling skills and awareness of agricultural
ICTs; specifically, a high proportion of the respondents revealed their acceptance of such
technologies and believed in the importance of these technologies in improving the outputs
of their agribusinesses. Our results also suggest that support from the authorities and
international /national agricultural organizations is required to improve the digital-related
infrastructure for facilitating access to different agricultural ICTs, focusing on the most avail-
able technologies for all users, such as Internet platforms and mobile-related applications.

According to the second and third hypotheses (agricultural ICTs have positive roles
in agro-livestock farming system sustainability during normal and critical times), the
benefits of agricultural ICTs were confirmed in our study as many of the respondents
shared that the use of agricultural ICTs was a routine measure even before the emergence of
the pandemic. Moreover, the application of agricultural ICTs during the pandemic solved
many production obstacles and facilitated farm monitoring and social communication.

In addition, the subgroup analyses of our data highlight the importance of supporting
the use and increasing the availability and awareness of agricultural ICTs at least for some
vulnerable groups of people, such as those belonging to developing countries, laborers,
and small-scale agribusiness holders.

These findings are consistent with the existing studies that empirically support the pos-
itive role of agricultural ICTs in developing and sustaining the resilience of agro-livestock
farming systems [38,57-59]. However, to the best of the authors” knowledge, no studies
have assessed how the emergence of the COVID-19 pandemic changed the dynamics of the
digitalization of the agricultural sector worldwide, considering the social and economic
statuses of the participants. In light of our findings, we recommend researchers and policy-
makers to innovate robust strategies to monitor and solve any unexpected crises, which
can disrupt the livelihoods and food security of humans.

Overall, the summary of this global survey conducted after the emergence of the
pandemic highlights the urgent need to expand the use of new agricultural ICTs on different
production and social scales to meet the growing demand for food production worldwide.
This unique study also emphasizes the need for an improved use of agricultural ICTs
to ensure the resilience and sustainability of agro-livestock farming systems, specifically
under unexpected and extreme conditions, such as sanitary crises, which are likely to be
unfortunately numerous.

Future studies should examine other factors that can affect the dissemination of agri-
cultural ICTs among farmers/stakeholders, such as sex, age, and education level, including
the type of agricultural activity (crop, livestock, or integrated production systems), as these
factors are not fully explored in our study. In addition, investigating the roles of authorities
and policymakers in supporting the use of agricultural ICTs, specifically in developing
countries, may help induce a real progress in the agro-livestock production system in
the near future. Finally, mentioning that our study was conducted at a critical and short
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time that encompasses the COVID-19 pandemic emergence period is important. Thus,
other studies, which can examine the hypothesis about the effectiveness of agricultural
ICTs to maintain the sustainability of the agricultural sector in the long run and in normal
conditions, would be interesting.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/su13126521/s1, Figure S1: Multi-correspondence analysis of the data, showing possible
relationships between different categories. (Questions labeled A, C, D, O, P, H, and ] were used as
supplementary data).
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