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ABSTRACT

The aim of this paper is to present the main advances in the adoption of precision agriculture
technologies. While we are witnessing the emergence of a literature dedicated to the adoption of new
technologies, this theme still suffers from a lack of consensus on its conceptualization. Based on the
prisma statement method (Preferred Reporting Items for Systematic Reviews and Meta-Analyzes),
the objective is to carry out a review of the systemic literature in order to identify the main factors
of adoption of the technologies of precision agriculture over the past ten years. The results show
that individual factors are the most empirically identified as determining factors in the adoption of
precision agriculture technologies. That said, the farmer is at the center of the adoption decision.
Perceived utility is the factor most identified in the literature as the determinant of adoption.
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INTRODUCTION

The introduction of technological innovations has now become an imperative. The modernization
of the economic sectors is more and more necessary, in particular that there are economic, social,
and environmental issues. This latest health crisis (COVID-19) has reinforced this need to move to
a digital economy, especially when this pandemic has paralyzed many sectors, thereby threatening
food security. The agricultural sector is then one of the sectors most concerned. Indeed, although
this sector is certainly more innovative than in the 80s and 90s, it remains insufficiently modernized
to meet current challenges (Food security, problems of productivity and competitiveness, jobs,
reduction of social inequalities...). Empirical studies suggest that new technologies have positive
agronomic, economic and environmental effects (Koutsos and Menexes, 2019). Experts agree today
that technological innovation is an asset to gain time and precision for the benefit of the farmer, the
farm and the environment.

At this level, precision agriculture (PA) appears to be a major asset in making agriculture an
innovative and responsible sector. The literature indicates that PA technologies have one thing in
common: optimizing agricultural production. PA technologies today allow farmers to apply the right
dose of input at the right time, reduce the use of phytosanitary products, predict the appearance of
diseases in a plot, reduce energy consumption fossil or the arduousness of the work. It also makes
it possible to precisely determine the water, fertilizer and phytosanitary product requirements for
crops. It thus becomes possible to optimize the use of chemical inputs and equipment, as well as a
reduction in C02 emissions.

The adoption of PA technologies by farmers is the starting point for the development of innovative
agriculture, in which farmers are the actors, and technologies are the tools for this development.
Adoption itself is a complex part at this level. Previous studies show that the adoption of technology
depends on many factors (socio-demographic, economic, institutional, etc.), and the farmer is
at the center of the decision to adopt and accept the technology. Empirical studies suggest that
the adoption decision would be shaped by several determining factors. From this perspective,
questions arise: What actually depends on the adoption of PA technologies by the farmer? What
can depend on attitude and his adoption decision? How can we explain the mechanisms of adoption
of technologies by the farmer?

The aim of this article is to conduct a review of the systemic literature with the aim of identifying
the main factors for the adoption of PA technologies on a global scale. Although the literature
is abundant on this subject, there is however lack of works which synthesize research on this
subject. Our goal is to take stock of research over the past ten years, with the aim of identifying the
determining factors, their frequencies and their importance, but also to highlight the theoretical
gaps, that is, to highlight what has not been covered in this research stream. The interest of this
research lies in the understanding of the factors influencing the adoption of new technologies
which are essential both for the decision-makers, the diffusers of these technologies (companies),
and for the researchers who study the determinants of growth. Finally, interest in digitalization
and the transition to a digital economy has only increased in recent years. This interest has just
been reinforced by the COVID-19 pandemic. Public authorities therefore need to understand the
adoption mechanisms in the farmer in order to be able to put in place a strategy for the development
of digital agriculture.
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1. MATERIALS AND METHODS

This study is a systematic review of the literature, with the aim of researching and synthesizing
scientific work on the determinants of the adoption of PA technologies. We opted for the prisma
statement method (Preferred Reporting Items for Systematic reviews and Meta-Analyzes), which
can be summarized in four steps: Identification - Selection - Eligibility - Inclusion. This systematic
review of the literature covers the period 2010-2019, i.e. ten years of research. To identify
research work, we targeted two databases: SCOPUS, and Science Direct, which are relevant and
complementary search engines. To identify the publications, we did a search by keywords, at the
level of titles and/or summaries. A transversal reading of the literature allowed us to identify these
keywords. The table below presents the keywords used for this search :

Table 1. Keywords used in research

Keywords

Precision agriculture, Technology Adoption, precision farming, Diffusion
Group 1 of innovation, Innovation in Agriculture, Agricultural practice, Intensity of
adoption
Variable rate technology, GPS guidance, GPS autosteer, Remote sensing,
Connected sensors, Agricultural robots, agriculture drone, Variable rate
technology, variable rate fertiliser, High-tech Agriculture, Unmanned Aircraft
Systems,

Group 2

For selection, the studies had to meet the following inclusion and exclusion criteria: First, only
articles review were selected for this study. The articles were to be published in English or French
between January 2010 and December 2019. The subject covered was to focus specifically on the
determinants of the adoption of PA technologies. The exclusion criteria were non-response to the
inclusion criteria, in other words, articles published before January 2010 are not included, and also
articles published in languages other than English and French, articles off topic, documents other
than journal articles and journal articles, and finally duplicate articles.

The article admissibility review was conducted by the author of this work. The quality of the selected
articles was then assessed. A quality score of 60% had to be reached for an item to be selected.
Finally, two software programs were used in this work. The Zotero tool was used first to import and
filter the articles, then we exported the selected articles to the Nvivo software to analyze content.

2. RESULTS

In what follows, we will successively present the selection procedure, the main results from the
synthesis of this literature on the determinants of the adoption of PA technologies. We then discuss
the determining factors of adoption, their frequency of identification, their importance. Previously,
we present some indications on the selected articles.

2.1. STUDY SELECTION

An initial bibliographic search using the keyword “Precision agriculture” in the two databases
(Scopus and Science Direct) gave rise to 12,117 publications. The search equation (Eql) and
the filter used made it possible to identify 221 articles (106 in the Scopus database, and 115 in
the Science Direct database). These 221 articles were exported to the Zotero software for initial
processing. A vertical reading made it possible to delete 43 double articles. Then, we tested the
eligibility of the articles by reading the titles and the summaries to check if the articles correspond
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to the objective of this study. This step removed 97 articles that are not specifically concerned with
identifying the determinants of the adoption of precision farming technologies. We point out that
we have targeted empirical work and work with qualitative approaches. The qualitative approach
in research has become a trend in recent years. Researchers tend to favor the qualitative approach
in order to better contextualize their work. Finally, the full-text analysis saved 41 articles for this
systematic literature review.

Figure 1. Flow chart of the bibliographic research
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2.2. GENERAL INFORMATION ON SELECTED ARTICLES
The final sample consists of 41 articles written in English and published in English-language
journals. About 60% of the articles were published between 2017 and 2019, and 40% were published

in 2019. This shows that there is a recent dynamism in this field.

Figure 2. Number of publications per year
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The sample of selected articles is heterogeneous and covers several continents. All geographic
areas are represented but in varying proportions. This criterion was not taken into account in the
inclusion criteria, we did not seek to have a balanced distribution. The quality and relevance of
the articles were our priority in the choice. In terms of the breakdown of articles by country, the
United-States leads with seven articles, or around 17% of the sample. It is followed by New-Zealand
with 4 articles, approximately 9% of the sample, and the United-Kingdom and Germany with 3
articles each. Less than 10% of the articles come from Africa, represented with 4 articles. The rest of
the continent, Asia has eight articles in this literature review. The following graphic presents more
details on the origin of the other papers. We will now focus on the theoretical frameworks of these
publications

Figure 3. Number of publications by country
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3. FACTORS INFLUENCING THE ADOPTION OF PRECISION
AGRICULTURE TECHNOLOGIES :

Analysis of the literature revealed 21 variables that could influence the adoption of PA technologies.
To give a broad overview of the research work, we offer in the table below, a summary of all the
articles selected (Table 2).

We then grouped these variables into four groups of explanatory variables: individual factors,
organizational factors, environmental factors and technological factors (Table 3). Thus, 10
individual factors were identified, or approximately 48% of all factors, with the highest frequency
of identification by the researchers. The organizational and institutional factors are 4 factors each,
or 19% for each of all the factors identified. Finally, the factors relating to the technology itself are
identified as determinants of adoption, i.e. 3 factors identified.

Then, we can classify these determinants according to their degree of importance and influence on
the adoption of new PA technologies. The following table shows the ranking of factors, specifying
the number of times identified in the 41 articles consulted as determining factors for the adoption
of PA technologies.
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Table 2. General summary of selected articles
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Table 4. Degree of importance of the factors according to the number of times identified

Importance Factors Number times Identification
Degree identified Frequency (%)
Level 1 Perception Utility 21 53
(High) Farm size 11 3,1

Education 10 2.8
Ease of use 10 2,8
Level 2 Age 9 2,5
(Way) Cost 9 2,5
Gender 6 1,7
Income 6 1,7
Farmer-consultant 5 1,4
relationship
Credit Access 5 1,4
Farmer's Experience 4 1,1
Risk Aversion 4 1,1
Level 3 Family size 3 0,8
(Low) Land tenure 3 0,8
Financial support 3 0,8
Secondary activity 2 0,6
Using a computer 2 0,6
Orientation de la 1 0,3
production
Activity type 1 0,3
Compatibility 1 0,3
Information provided 1 0,3

3.1. INDIVIDUAL FACTORS

Age is identified four times as determinants of adoption on the 41 articles selected. Older farmers
tend to be conservative and reluctant to change and adopt technologies due to risk aversion (Kaliba
etal., 2020). Brown et al., (2019) explains that older farmers are more risk-averse, less motivated to
experiment with new technologies, less likely to be influenced by the benefits of new technologies.
However, Paustian and Theuvsen (2017) explains that young farmers are more open to innovations
and more likely to adopt new technologies. Reichardt and Jiirgens (2009) add that sometimes the
adoption of technologies by older farmers is explained by the high investment costs, and that these
farmers already have the means to acquire them, unlike the younger ones.

Education is ranked as the third most identified factor with 11 times identified as a determinant of
adoption. The level of education is emphasized by many authors as a determinant of the adoption
of new technologies (Bucci and al., 2019; Carrer and al., 2017; Gyata, 2019; Reichardt and Jiirgens,
2009). For example, (Kaliba et al., 2020), find that the adoption rate increases with the level of
education of the farmer, especially if technology is advanced, and that learning is necessary for its
use. farmer its use, but also, becomes someone more open to innovation.

The gender factor is also a determinant of adoption (6 times identified). However, the influence of
gender on the adoption of new technologies remains unclear. While (Danso-Abbeam et al., 2019)
shows that men are more likely to adopt technology than women, (Hay and Pearce, 2014), finds
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that women have a more positive perception than men about the benefits of new technologies, it
highlights the interest of rural women in technology which has enabled them to derive substantial
benefits, for example by adopting a livestock management system. The author adds that rural
women use three times more new technologies than men.

As mentioned above, the cost of acquisition has been closely linked in the literature to agricultural
and non-agricultural income (6 times identified). Research shows that the higher the farm income,
the more likely the farmer to adopt new technologies (Miller et al., 2019). The existence of non-
farm income also increases the chances of adoption (Ng'anga et al., 2019). Barnes et al. (2019)
explains that for farmers with moderate income, off-farm income provides cash that can help the
farmer acquire new technologies. Access to off-farm income-generating activities is generally
associated with the adoption of technology. Griffin et al. (2017) found that adoption has high entry
costs and that higher income farmers are more likely to adopt it. Lambert et al. (2015) showed that
a 10% increase in income from farming was associated with a 9.2% increase in the chances that a
producer would adopt these technologies.

Perceived utility tops the ranking with twenty-one times identified as a determinant of adoption.
Farmers are more likely to adopt new technologies after seeing their usefulness in the field (Barnes
and al., 2019; Brown and Roper, 2017; D’Antoni and al., 2012; Dela Rue and Eastwood, 2017; Griffin
and al., 2017; Mengistu and Assefa, 2019, 2019; Ng’ang’a and al., 2019). For example, Brown and
Roper (2017), in a study on the adoption of technologies in the dairy sector in Italy, he indicates
that the demonstration of new technologies are practically done within networks of farmers, which
push them thereafter to adopt the same technology (Brown and Roper, 2017). Zhang et al. (2019)
adds that cleaner production techniques (CPT) will not be adopted only when the farmers have
perceived their usefulness, but also, have seen the satisfaction of other farmers who have already
adopted this technology.

On the other hand, several authors consider that the farmer’s experience is an indicator of his skills
in the farming profession (Brown and al., 2019; Carrer and al., 2017; Griffin and al., 2017; Paustian
and Theuvsen, 2017). The experience factor is identified as a determinant of adoption, but the
research results do not lead to the same conclusions. While Paustian and Theuvsen (2017) showed
that an experience of less than 5 years, and between 16 and 20 years in agriculture promotes the
adoption of new technologies, Carrer et al. (2017) found that | farmers’ experience has a negative
impact on the adoption of information systems.

A review of the literature reveals another important factor affecting the adoption of new
technologies, namely the attitude to risk. Some farmers prefer to work with the means at their
disposal rather than investing in new technologies (Miller and al., 2019). This reluctance can be
explained in particular by the uncertainty, first of all about the use of technology, and then about
economic return. For example, when the market price of agricultural products falls, farmers tend to
invest less in capital (machinery, innovation, etc.). For example, Barnes et al. (2019) points out that
farmers who have less uncertainty about the economic return of VRNT are more likely to invest
in these technologies. Complex technologies require additional investment in learning. Ng’ang’a
and al. (2019) adds that a low level of skills and know-how have a negative influence on adoption.
Its results show that technologies that require specific skills and technical know-how decrease the
likelihood of their adoption.

Danso-Abbeam and al. (2019) find that household size explains the probability and intensity of
adoption. This could be attributed to the availability of labor that is none other than household
members. Kaliba and al. (2020) explains that labor availability is a crucial factor in technology
adoption, especially when labor supply is scarce, and it is difficult to hire additional labor.
Otherwise, adoption of labor-intensive technologies is likely if the labor force is plentiful and
cheap, or the chances of household members finding non-farm employment are reduced. In the
same perspective, Ng’ang’a and al. (2019) reported a negative relationship between the cost of labor
and the likelihood of adopting labor-intensive farming practices.
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Finally, the use of computers in farm management has been associated with the adoption of certain
technology, such as a PDA (Walton and al., 2010), or the autosteer GPS guidance system (D’Antoni
and al., 2012). Walton and al. (2010) explains that farmers who use computers in administrative
management (for mail, invoices, for accounting, inventory management, human resource
management, etc.) may be more likely to adopt the technology of ‘AP. Reichardt and Jiirgens (2009)
postulate that farmers who are open-minded about technological progress are also more favorable
to the adoption of technologies on their farms.

4. ORGANIZATIONAL FACTORS

Farm size comes second with 11 times identified as a determinant of adoption. Carrer et al. (2017)
explains that large farms are more complex to manage, new technologies have proven to be eftective
in optimizing production and reducing costs. Danso-Abbeam and al., (2019) explains that the size
of the farm is linked to the adoption of new technologies, because the farmer tends to devote part
of his land to trying out a new technology first, unlike farms short. These results align with several
results from previous studies on the adoption of PA technologies (Brown and al., 2019; Carrer et
al., 2017; Paustian and Theuvsen, 2017; Reichardt and Jiirgens, 2009; Welsh and al., 2010). The cost
of acquiring technology is often identified as a determinant of adoption (9 times identified) (Carrer
and al,, 2017; Chang and Tsai, 2015; Keskin and Sekerli, 2016; Khanal and al., 2019). Gyata (2019)
and Reichardt and Jiirgens (2009) points out that the majority of farmers are reluctant to introduce
precision farming techniques mainly due to their high costs. Large farms are more likely to adopt
precision farming technologies by small farms because of their financial capacity (Barnes and al.,
2019) .However, the cost of acquisition has been closely linked in the literature to agricultural and
non-agricultural income.

On the other hand, Barnes and al. (2019) points out that the lack of reduced land tenure would
target the answer for farmers to adopt the technologies. Indeed, farmers with title deeds are more
likely to have practices that improve the soil compared to those without title deeds. This result is
similar to that of (Barnes and al., 2019), indicating that the land title gives farmers their rights to
use the land. Studies (Lambert and al., 2015; Séogo and Zahonogo, 2019; Welsh and al., 2010) have
indicated that farmers who have obtained property certificates feel more secure, which allows them
to make the long-term investment. This is the case for example of drip, its non-adoption is most
often linked to the location status which does not benefit from subsidies.

On the other hand, some studies have shown that farmers who practice commercial farming are
more likely to see the technologies, as they often seek to improve their production compared to
farmers who practice subsistence farming. (Barnes et al., 2019) finds that the results obtained from
the technologies increase by 10% for commercial farmers, but decrease by 26% for subsistence
farming. The author explains that this could also be due to the fact that commercial farmers are risk
takers compared to those who are not commercial.

As for the activity type, Lambert and al. (2015), showed that the adoption process is a dynamic and
complex process, linked to changes in land use. For example, livestock has a positive effect on the
process of adopting new technologies. In addition, Lambert et al. (2015) showed that the factors
that influence the timing of adoption are linked to the characteristics of the farm. Thus, (Adnan et
al., 2017; Mengistu and Assefa, 2019) have shown that the variable “crops grown” on the other hand
has a determining effect. Many farmers argue that drip is not suitable for old plantations, because
they say this technique does not meet the water requirements of trees that have already developed
a deep root system. On the other hand, market gardeners in greenhouses are often adepts of drip.
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5. INSTITUTIONAL FACTORS

Most studies show the importance of public service intervention in relation to the adoption of
new technologies. It has been shown that awareness (Adnan and al., 2017; Mengistu and Assefa,
2019), access to agricultural extension services (Mengistu, 2019), credit facilities and the practice
of aggregation (Barnes et al., 2019; Danso-Abbeam and al., 2019; Gyata, 2019; Kaarthikeyan and
Suresh, 2019), are essential to encourage the adoption of technological innovations.

Mengistu and Assefa (2019) finds that training and extension are means of raising awareness
and supporting the adoption of watershed management practices. Reichardt and Jiirgens (2009)
emphasizes the importance of a good advisory service, and of providing the necessary information.
The author points out that lack of counseling and training are barriers to adoption, and that the
availability of the internet alone is not a sufficient factor for farmers.

Farmers’ access to credit services is identified as a determinant of the intensity of adoption,
because bank credit allows farmers to have other financial resources, and therefore invest in new
technologies. Several studies (Danso-Abbeam and al., 2019; Gyata, 2019; Kaarthikeyan and Suresh,
2019) conclude that farmers’ access to credit services increases the adoption of technologies.
Barnes and al. (2019) have shown that subsidies and taxation are considered to be positive drivers
for the adoption of new technologies. Adnan and al. (2017) indicated that the adoption of green
fertilizers is strongly linked to certain financial initiatives, such as capital grants for maintenance,
reduction of the tax for adopters, reduction of the interest rate and technical supplements for the
adoption of green fertilizers in order to reduce costs and therefore increase yields.

Kaarthikeyan shows that the variable <amount of subsidy» is strongly correlated with the adoption
rate, the higher thisamount, the greater the probability of adoption. Logically, the variable «difficulty
in accessing the subsidy» is correlated with a relatively low rate of adoption. The more difficult
farmers find it to access the subsidy, the lower the probability that they will adopt drip.

6. TECHNOLOGICAL FACTORS

Ease of use is identified as an important factor in the adoption of PA technologies (10 times
identified). Adnan and al. (2017) finds that farmers’ intention to adopt AMPs is influenced by
perceived ease of use, subjective standards and perceived behavioral control. Analysis shows that
farmers’ perception of the ease of use of PA technology has a significant impact on its adoption. A
farmer who perceives PA technology as complex or difficult to use is therefore less likely to adopt
it (Aubert and al., 2012).

On the other hand, the issue of technology compatibility was often raised when studying perceived
utility. Aubert and al. (2012) emphasize the importance of technology compatibility, it shows
that “technology compatibility” has had the strongest influence on the perceived usefulness of
the technology and a very strong influence on the ease of use. Lack of compatibility can create
uncertainty and reluctance on the part of farmers to spend large capital expenditures on PA
technology (Higgins and al., 2017). Therefore, setting standards that match farmers’ practices
would maximize compatibility, which in turn would increase both perceived usefulness and ease of
use, and ultimately increase adoption (Aubert et al., 2012). Finally, Nordin et al.(2014) found that
the adoption process requires several variables, such as the quality of the information provided by
the technology.
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CONCLUSION

The purpose of this contribution was to synthesize the last ten years of literature on the adoption
of precision farming technologies. Using the prisma statement method (Preferred Reporting Items
for Systematic reviews and Meta-Analyzes), 41 articles were selected in this systematic review. An
in-depth analysis was conducted to identify all of the factors that impact farmers’ adoption of the
technologies. The main elements found were listed in Tables 2, 3 and 4. The results of this systematic
review, as well as the limits and perspectives of research can be summarized as follows: The results
first show that individual factors are most identified as determinants of the adoption of precision
farming technologies. This means that the farmer is at the center of the adoption decision. On the
other hand, perceived utility remains the factor most identified in this systematic literature as a
determinant of adoption. Thus, according to the results obtained, the impact of certain factors on
adoption is not unanimous. The farmer’s gender and experience are not always determinants. More
work is still needed at this level.

In most studies, adoption factors were treated separately. Analysis of the results reveals that there are
direct relationships between the factors themselves (for example, income with the cost of acquiring
technology are closely linked). This suggests that in future work, it would be more relevant to treat
these factors as covariates or moderating variables.

This study is not without limits. First, there is likely unpublished work and research in languages
other than English that was not considered and included in this study. English being the main
language for research dissemination in the world, and given that it is generally difficult to have
access to unpublished documents, these limits are not likely to strongly affect the results obtained.
Then, the heterogeneity of the included studies does not allow to make comparisons or meta-
analyzes or draw conclusions for future applications. This implies that this area still needs further
research. It also appeared that the literature dealing with the determinants comes from English-
speaking countries also creating a selection bias. Questions arise at this level, would the nature of
the determinants of adoption depend on the level of development of the countries? It is reasonable
to assume that farmers in a developed country are more influenced by individual factors than by
institutional factors. For example, in developing countries, where institutional blockages (such as
red tape for the use of drones, lack of financial support and advice) are more answered. You might
even think that the spirit of innovation is more developed in some countries than others. At this
level, a research avenue which seems interesting, namely: the evaluation of the spirit of innovation
among farmers in relation to the adoption of new agricultural technologies. According to the
results of this research, no study has been interested in this aspect. Ultimately, this work can form
the basis for further empirical work on the determinants of adoption. It can also serve the public
authorities to set up a policy for the modernization of the agricultural sector. Digitization has today
become an imperative in all sectors of the economy, including agriculture. COVID-19 will certainly
accelerate this desire for modernization, but its success depends first of all on an understanding of
the mechanisms that lead the farmer to the acceptance and adoption of new technologies.
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