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INTRODUCTION

Agriculture is vital to the economy of sub-Saharan Africa and Algeria, providing
livelihoods and underpinning economic stability. Government is working to improve
practices and infrastructure, but challenges like climate change, soil degradation, and
limited access to technologies hinder food security (Tene M et Al., 2013). In Algeria,
agriculture employs 20.7% of the workforce but contributes only 12% to GDP,
reflecting sectoral structural issues with over 74% of rural employment reliant on
agriculture (World Bank, 2023; Omari et al., 2012). The sector supplies 74% of national
food needs, emphasizing the importance of boosting yields for food security amid
population growth and climate challenges. Algeria is modernizing its agriculture
through technological innovations and infrastructure improvements, focusing on crop
diversification and productivity to reduce dependence on imports (Laouar et al.,
2023). The government prioritizes developing southern rural areas, which hold
significant untapped agricultural potential thanks to abundant arable land and
sunlight, critical for achieving food self-sufficiency (Bouchareb et al., 2023).

To promote sustainable agriculture in arid regions, Algeria invests in projects and
technical assistance to optimize water use and support farmer training, aiming to
modernize practices and foster economic growth. The national goal is to make
agriculture a key pillar of economic and social stability while reducing vulnerability to
international market fluctuations, especially by developing the southern regions’
resources (Faure et al., 2018). The Algerian Sahara has seen significant changes,
notably after Law 83/18 APFA, which improved access to land for farmers and spurred
new agricultural practices. Innovations include advanced techniques and an increase
in input supply companies, reflecting a focus on profitability (Hadeid et al., 2018).
However, public research and technical advice remain limited, with a mismatch
between scientific advancements and farmers’ practical needs, hindering the
adoption of suitable innovations (Lejars et al., 2017).

The rise of profit-driven and speculative activities is transforming Saharan agriculture,
raising concerns about natural resource management, farm viability, and community
welfare (Hadeid et al., 2018). The government’s development programs focus on
integrating social, economic, and environmental aspects, aiming to strengthen
community resilience, promote desert agriculture, and foster socio-economic stability
(Mokhnane et al., 2023). Due to resource scarcity, policies prioritize revitalizing
underused arable land and diversifying economic activities, especially in border
regions like ElI-Oued, where new projects are reshaping Algeria’s agricultural
landscape (Bouzid et al., 2020; Mokhnane et al., 2023).
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El-Oued's rich history, dating back to prehistoric times, underscores its cultural and
agricultural significance (Mokhnane et al.,, 2023). Despite technical and market
challenges, the region demonstrates remarkable dynamism, with farmers
transforming arid dunes into diverse cultivated lands, contributing over 63% to
Algeria’s fresh produce in 2024 (Djouhri et al., 2023). This resilience highlights the
potential of desert agriculture, driven by water resource management and innovative
practices, fostering sustainable development despite harsh conditions (Mokhnane et
al., 2023). The region specializes in off-season vegetables and fruits, exemplifying
adaptation and induced innovation through new techniques to overcome
environmental constraints (Assassi et al., 2017; Jeder et al., 2013). To sustain growth,
establishing effective market structures supported by technological and
organizational innovations is essential (Bouzid et al., 2020). Notably, regions like Biskra
and El Oued have achieved significant agricultural successes driven by common
facilitating factors, independent of ecological factors.

The success of agricultural development in regions like El Oued is largely driven by
strategic choices and proactive actors. The selection of high-value cash crops ensures
strong market integration and optimizes productivity. Specializing in specific crops
helps balance costs and improve quality, fostering competitiveness. The presence of
dynamic actors—operators, skilled labor, artisans, and traders—who innovate and
collaborate across value chains enhances resilience and market adaptability (Perrin &
Nougaredes, 2020). This synergy between agriculture and innovation reflects
adaptation and sustainable development, transforming these territories into
agricultural hubs. The development process involves diverse actors—farmers,
researchers, government, and private companies—sharing knowledge and adopting
new techniques through informal and multiplex arrangements, which foster
innovation and improve farmers’ expertise (Perrin & Nougarédes, 2020; Mehda,
2017). This integrated approach constitutes an innovation system that strengthens
agricultural practices and competitiveness.

Our work uniquely aims to catalog current agricultural innovations in the region,
develop a typology of innovations, identify their adoption determinants, assess their
diffusion levels, and highlight the role of field actors in facilitating access for farmers.
We seek to understand the factors influencing the adoption of new practices and
technologies and to provide a comprehensive overview of the region's innovation
dynamics. By focusing on interactions among actors, we explore how social, economic,
and institutional conditions shape agricultural innovation, while also identifying
obstacles and opportunities to strengthen this process.
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In Algeria, research on agricultural innovations and their adoption by farmers is often
fragmented or disparate, making it difficult to understand the current state and
challenges in agriculture. Several studies such as Derderi et al., 2015; Ould Rebai et al.,
2017; Meghni and Okaci, 2018; Naouri et al., 2020; Bouzid et al., 2020; Lezreg et al.,
2022; Laouar et al., 2023, address various aspects of this issue, but a lack of coherence
and interconnection between these researches remains noticeable. In this context,
our objective is to discover the key factors influencing agricultural progress and to
analyze how these elements energize the economy and attractiveness of El Oued
region.

The choice of this subject motivated by several reasons. First, a current topic of great
importance, considering the challenges that Algeria must face in terms of food security
and sustainable development. El Oued region, in particular, has an agro-economic
dynamic that could serve as an example of complementarity and synergy of a
multitude of harmonized and complementary dynamics for the entire country.
Exploring this dynamic can provide us with valuable insights into the best practices to
adopt.

Furthermore, the well-known El Oued’s farmer behaviour, recognized for his
motivation and ability to exploit the land, produce, and adapt to technical innovations,
is a key factor that deserves to be studied and analysed in order to better understand
the processes of adopting innovations and their impact on agricultural productivity.
By integrating these local practices into our analyses, we could identify innovation
levers that could be applicable in other arid regions of Algeria.

This research also aims to contribute to the enrichment of agricultural knowledge and
the development of the arid areas of our country. A better understanding of the
mechanisms of innovation adoption and success factors can provide insights and
recommendations to decision-makers, researchers, and practitioners working
towards the development of sustainable and efficient agriculture in resource-deficient
regions.

Our work will organized into three key sections.

Conceptual and theoretical framework: This section provides a literature review on
innovation and agricultural dynamics. It defines various concepts of innovation and
the economic theories of innovation. By integrating notions of sustainability and
resilience, we identify the main key concepts in our research that justify the study.

Research Methodology: Here, the study area is presented, describing its geographical
and socio-economic characteristics. The data collection methodology based on a field
survey, involving questionnaires and interviews with various stakeholders in the field.
The data analysis employs statistical tools.

Results and Discussion: The research findings are explained according to main themes
related to agricultural innovation, accompanied by statistical data and interview
guotes. This section discusses the results by comparing them with existing studies and
contemporary issues.
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1. towards a sustainable agricultural system

To ensure a sustainable agricultural system, monitoring is necessary; research and
development institutions are hypothetically the founders and leaders of the
development research of new technology and solutions to on-ground problems faced
by farmers (Mendonca, 2019), collaborating with other nations through the exchange
of experiences and scientific research, as well as through the development of region-
specific knowledge and traditional solutions.

In the second decade of the 20th century, following the post-World War period in
Central Europe, the movement of scientific agriculture and modern agricultural
technology emerged, emphasizing efficiency and productivity (Kacperczyk, 2011). This
led to significant advancements in agricultural production, but it also generated
challenges, such as soil and water pollution due to the intensified use of chemicals
(Considering that at the time it involved the agricultural, extractive, and chemical
industries, its risks were neither known nor declared), and it created conflicts between
the state and farmers (Soulard, 2014).

The environmental movement indeed developed in the 1960s and 1970s, during
which period environmental concerns gained prominence, particularly the excessive
use of pesticides, the degradation of agricultural land, and the loss of biodiversity
(Bulmer et al.,, 2020). To steer global public opinion towards more sustainable
agricultural practices, the efforts to transform the agricultural system by
environmentalists faced immense challenges, which can attribute to the priority given
to industrialization and ensuring food self-sufficiency in certain countries
(Mtisi, 2012). The movement that paved the way for the concept of agricultural
sustainability in the following decade.

The Brundtland report entitled "Our Common Future" from 1987 indeed defined the
concept of sustainable development as "development that meets the needs of the
present without compromising the ability of future generations to meet their own
needs." This report suggested the importance of developing sustainable agricultural
practices to meet current needs without depleting resources for future generations.
However, it did not mention any specific information on sustainable agricultural
practices (Lotodé, 1987), and it is from this that the concept originated.

Organic agriculture indeed emerged in the 1990s as an alternative to intensive farming
that uses chemical products. The key principles are production without synthetic
fertilizers and pesticides, which means maintaining soil fertility and environmental
sustainability by using the recycling of organic matter (Loyem et al., 2020), as the
forest rent, which has biological diversity, has been depleted by conventional
agriculture (Temple and Bon., 2020). Therefore, ensuring uninterrupted food security
in accordance with natural dynamics.
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The issues of climate change, ecosystem degradation, and biodiversity loss that affect
food security, reducing agricultural land productivity, are beginning to manifest their
cumulative impact over the decades and have a detrimental effect in the 2000s
(Douafer., 2024). This has led to an increased interest in sustainable agricultural
practices. The development of plant-based diets could be a possible and effective
response to mitigate these negative effects (Vincey., 2018).

The 2010s were known for their several events and legislations related to food
security, the preservation of biodiversity, and the reduction of greenhouse gas
emissions in agriculture. In 2011, the European Union adopted new regulations on
maximum residue levels of pesticides in food; and a Biodiversity Strategy for 2020,
aimed at halting biodiversity loss and the degradation of ecosystem services
(Alves, 2022).

In 2013, the Common Agricultural Policy (CAP) reformed to better integrate
environmental objectives, and Regulation (EU) 1169/2011 on the provision of food
information to consumers came into force (Bouillot, 2020).

The Paris Agreement, adopted at COP21 in 2015, heightened awareness of the
urgency to act and highlighted the importance of sustainable agriculture to limit
warming to 1.5°C, considering that the agricultural sector accounts for approximately
25% of global greenhouse gas emissions. This requires a significant increase in
sustainable food production, a reduction in food loss and waste, as well as a transition
to healthier and more environmentally friendly diets
(Kumar and Madlener, 2018; Petit, 2018).

The integration of biodiversity issues into development projects through public
development aid (Bernard, 2016) demonstrates that biodiversity transcends standard
project management practices and requires a comprehensive and local approach.
Wooded areas play an important role in agricultural landscapes
(Deconchat et al., 2017) as ecological infrastructures that influence the characteristics
of neighbouring environments, thereby making sustainable management of
agricultural lands essential. Taking the example of innovative urban agriculture
projects, those developed in Toulouse (Brin et al., 2017) highlight the importance of
training future agronomists in transdisciplinary, multi-stakeholder approaches that
take into account the uncertainty related to conflicts of use in urban and peri-urban
spaces.

The COVID-19 pandemic has highlighted the importance of food security and the
resilience of food systems. The crisis has led to disruptions in supply chains, loss of
income and livelihoods (FAO, 2020), and exacerbation of food inequalities (NCBI,
2020). Nevertheless, local food systems and sustainable agricultural practices have
demonstrated their resilience (Weinkauf and Everitt, 2023). To strengthen food
security, it is essential to diversify supply sources, support small producers, and
promote more sustainable agricultural practices (FAO, 2021). This experience should
guide efforts to build more resilient and equitable food systems.
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The transition to more sustainable agriculture is a post-COVID imperative. Some
countries must rethink their agricultural development model to address structural
challenges such as poor water management and insufficient labor income. The health
crisis presents an opportunity to rethink agricultural models towards greater
sustainability by diversifying economies. The pandemic has also revealed the
dependence of many countries on food imports, despite agricultural exports
supported by increased use of groundwater. A rebalancing of agricultural trade
balances is necessary. This requires ambitious structural reforms in a context of
budgetary austerity.

It is necessary to have a set of factors such as public policies in various economic,
social, and environmental sectors. However, literature, public experiences, and the
productive sector demonstrate the strategic importance of research and innovation
in the pursuit of increasingly sustainable agriculture in economic, social, and
environmental domains. For a country to achieve a reasonable level of sustainability,
it must firmly restructure its economic development model. While conventional
economics considers environmental impacts as externalities, it would be much more
convincing to integrate them as an internal component of the economic, social, and
ecological balance sheet, in a weighted and crosscutting measure of sustainability. The
green economy approach focuses on ecological balance and social quality of life,
considering the economic dimension as an aura dependent on society, while inserting
it into a broader context called environment (Cato., 2009).

Similarly, a green economy involves a holistic approach, which signifies a high level of
participation in its implementation, integrating all disciplines related to sustainability.
There are elements of nature that cannot be monetarily evaluated as they are
invaluable considering their interaction and influence on the complex environmental
balance (Cato., 2009).

In the future, it’s necessary to reformulate the social and economic composition,
based on parameters distant from rentierism and dependence on consumerism,
which has created a standardization of tastes, and consequently large-scale but
monocultural production systems, thereby amplifying the loss of biodiversity, the use
of chemicals, and the pollution of soils, water, and living beings
(Feenstra, 2018; Cato, 2009).

The economy depends on biodiversity to strengthen the genetic stocks of vegetation
and animals intended for agricultural and livestock production; these potential uses
of biodiversity resources can provide multiple value chains in food, medical, cosmetic,
enzymatic, and bioenergy production (Barros de Mendonca and Laques, 2017).

Research and development has its economic value also because it will provide to the
markets in the logic of innovation, and this has its economic and social value, as it
generates jobs and inevitably an income, which is the key to the sustainability of
society. However, research cannot be neglected or left to peripheral management,
because the ecosystem surrounding this economic framework needs to be understood
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in all its complexity, its structures, and its processes and this requires time, effort, and
financial resources. Therefore, it is necessary to consider an equal importance of the
three dimensions in the decision-making process.

The "environmental" and "social" dimensions must be taken into account with ethics
and responsibility in decision-making, by assessing the impact risks of one dimension
on the other, in terms of temporal resilience or irreversibility of impacts.

The "economic" dimension must include in the time factor, the return on investment,
taking into account the risk factor of irreversibility of environmental impacts and
resilience.

In this context, focusing on the analysis of impacts on sustainability, research and
development institutions must take into account a balance of sustainability, which
may result from government policies, strategies, and projects.
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2. The role of research and development in sustainability

Economic growth is necessary for nations, but it does not imply sustainability, the case
of Nauru Island as an example. Therefore, it is essential to add political and social
regulations to ensure efficiency. The role of research, development, and innovation
becomes crucial and indispensable, as it ensures the integration and harmonization of
various complex factors.

Governments must reset these production processes, replacing obsolete products and
services with more sustainable ones, based on principles, objectives, and guidelines
that promote sustainable development. This transformation relies on continuous and
successive innovation. It is essential that all institutions adopt this new approach to
meet the growing demand in an ever-evolving market (Barbieri et Al., 2010).

Creative economy and social innovation are essential factors for strengthening the
innovation process, as an intensive process and a broad interaction with all
stakeholders (Fachinelli, D’arisbo and Maciel, 2014).

Research, development, and innovation are important activities in this process, but
they are not sufficient on their own. It is necessary to have a set of factors that are
also critical, including public policies, favourable financial conditions for production, a
logistics network, good management, marketing, education for underserved areas
(rural), and a social awareness among stakeholders throughout the entire value
chains.

It is evident to expect lasting impacts from data and information producers, which are
the government research institutions. It has become a trend for developed countries
and particularly in developing countries to assess the impact of research on society.
"Organizations that fund research are increasingly under pressure to justify their
expenditures and demonstrate that research adds value to the community"
(Grant, 2006).
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The market and societal demand for standards is becoming increasingly aware and
exaggerated, provided that it does not affect the interests of producers and
guarantees them profitability, has driven research institutions to be more effective in
generating sustainable innovations. Consequently, these frameworks must have an
impact assessment methodology capable of measuring the sustainability level of their
scientific production, as well as a means of preserving their reliability (Heckman,
2006).

If we seek to evaluate productive performance, it is not sufficient to assess production
processes and results; evaluating the impact of innovation is essential to identify the
satisfaction of farmers, industries, and consumers, as well as to contribute to the
improvement of their quality of life, profitability, and to measure the effects on the
environment.

In other words, one of the main objectives of agricultural research institutions is
therefore to develop processes for evaluating the impact of innovation
(Alston, Norton, and Pardy, 1995).

10
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3. Measuring the impact of innovation: a comprehensive
approach

Before diving into the concepts and methods related to measuring the impact of
innovation, it is essential to understand the historical roots and cultural differences,
the various linguistic contexts that have created this concept or term "innovation,"
the varied perspectives on the importance of measuring the impact of innovation, as
well as similar challenges in designing effective approaches.

3.1. Innovation

The word 'innovation' comes from the Latin 'Novus' that means "New", originally,
'Novus' generates three verbs: "Innovare", ""Novara" and "Renovare". Moreover, of
which we find the derivative in French: "Innovation", '"Novation' and '"Renovation".

The term "Innovation" appeared in 1297, which, in its meaning, refers to "the act of
introducing something new, yet unknown, into an established thing."

The term "Novation" appeared in 1307 and explains that it is: "a convention by which
an obligation is extinguished and replaced by a new obligation; it is the act of bringing
novelty to a deed."

The term "Renovation," the first known use of this term dates back to the 14th
century, and refers to: "the restoration to its original state through profound
transformations."

Innovation is the introduction of a new product and a new method of production to
the market, the conquest of a new market, the use of new raw materials, or the
establishment of a new form of organization (Schumpeter, 1934).

In other words, innovation is a process of creative destruction that replaces old
elements with new ones (Schumpeter, 1942).

Innovation means a change, but not all changes are innovations
(Becker and Whisler, 1967).

Innovation has often defined, compared, or assimilated to invention. Invention
involves the creation of something new, while innovation involves the use of
something new. (Mohr, 1969) That is to say, inventions are potential innovations.

Innovation can take the form of an idea, a practice, or a material artifact, each of these
elements possessing an attribute of novelty, whether tangible or intangible. The
common understanding attributed to innovation based on the notion of novelty (a
change in the state of an element compared to its previous state)
(Rogers and Schoemaker, 1971).

11
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Innovation perceived in relation to the individual or organization that implements it,
while change represents a structural and functional transformation of a social system.
In the concept of change, it is presented as a temporal process, with innovation
serving as a triggering element (Zaltman et al., 1973).

Therefore, (Bayerre, 1980) proposes to distinguish three contexts in which the term
innovation is used, each context corresponding to a specific definition of the concept:

In a large sense, innovation refers to the overall process of creation, which involves
the design, development and implementation of a new idea, product or service.

In an intermediate sense, innovation refers to the adoption of a novelty by an
organization, society, or individual, which means integrating an existing innovation
into its operation or strategy.

In a strict sense, innovation considered as novelty itself, regardless of its creation or
adoption, i.e. the result of a process of learning and maturation without necessarily
involving its implementation.

Innovation consists of a new combination of materials and forces that emerges
discontinuously, generating new goods to which consumers are not accustomed,
creating a new method of production, opening a new market, conquering new sources
of raw materials or semi-finished products, or even engendering a new, more
productive method of organization (Schumpeter, 1983).

Through the connection of existing and ancient knowledge, innovation aims to create
new and original solutions that provide economic benefit and contribute to
sustainable development. (Drucker., 1985)

Innovation is often reduced to the commercialization of an invention, but it goes
beyond that. Inventing involves creating something new in relation to what already
exists, while innovating means concretely implementing that creation within an
organization. In other words, innovation is the process of producing and establishing
a new idea to solve a problem within an organization (Mezias and Glynn, 1993).

"To innovate," means to introduce an innovation into an established system or
process, injecting elements of novelty and creativity, in order to create a new and
valuable wealth (Lachmann, 1993).

An element considered innovative if it evokes a perception of novelty in the individual,
whether it is an object, a service, or an idea, even if they already existed before and
actually being rediscovered for the first time. (Kotler and Dubois, 1994).

In a publication by the OECD (1994), innovation defined as the transformation of an
idea into a new or improved product introduced to the market, or a new or improved
operational process used in a given sector.
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According to Rogers' (1995) theory on the diffusion of innovations, the adoption of a
new idea, object, or practice depends on four key elements. The first factor is the
innovation itself, regarded as a novelty perceived by an individual or an adopting unit.
The perceived characteristics of the innovation, including relative advantage,
compatibility, testability, observability, and complexity, influence the likelihood of its
adoption. In this study, we will explore the role of these characteristics in the adoption
and diffusion of practices for adapting to climate change and variability.

The concept of innovation deduces an intentional process of transformation, carried
out individually or collectively, aimed at introducing, modifying, restoring, or
relocating an element or system within a pre-existing environment
(Adamczewski, 1996).

Innovation lies in the successful transformation of ideas and knowledge into added
value, which can take the form of commercial profit, collective well-being, or an
improvement in daily life. It is both a new product or process and the dynamic process
that enables the achievement of this result (Morel., 1998).

Innovation involves creating, developing, and marketing new products or services, or
introducing new methods and techniques to enhance the efficiency and performance
of an individual or a business (Archirbugi et al., 1998).

Innovation is also a process that creates forms of organization, technical objects,
modes of use, skills, rules, practices, or new actors. It is not limited to its technical
aspects but encompasses all kinds of realities that are related to it
(Dubuisson and Kabla, 1999).

In their literature review, Garcia et Calantone (2002) state that "the innovation
process has been identified for radical, incremental, truly new, discontinuous, and
imitative innovations, as well as for architectural, modular, enhancing, and
evolutionary innovations."

Innovation is presented as an influencing process that leads to social or organizational
change, and whose effect is to deteriorate existing barriers and propose new ones
(Goux-Baudiment., 2004).

Innovation is essential to accelerate, equitably and sustainably transform agriculture,
by promoting an increase in productivity, seeking sustainable practices, and
conserving the environment and biodiversity, while reducing poverty and creating
added value, in order to ensure long-term food security (OECD., 2005)
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According to “L’académie Francaise”, innovation is the action of introducing
something new into a practice, a custom, a belief, a scientific or philosophical system
(Bénédicte., 2006)

"Innovation is the application of technological, institutional, and human resources and
discoveries to production processes resulting in new practices, new products and
markets, and new institutions and organizations with enhanced efficiency."
(Pool et Burckly., 2006)

Researchers often use the term "truly new" innovation to refer to a concept that may
be considered "radical" or "discontinuous" by others. However, the authors
emphasize that a clear delineation between different degrees of innovativeness (high,
moderate, or low) is rarely established and that there is no obvious link between these
degrees and the categories of "radical," "truly new," or "incremental" innovations.
This ambivalence can be explained, by the fact that the concepts used to study the
phenomenon of innovation are not always precisely defined. Leading to confusion and
a lack of consistency and identification of innovations. As well as non-compliant
classification, since the same terms are used to refer to different types of innovations
or even the same innovation is classified under different typologies
(Eris and Saatcioglu, 2006).

"Innovation is at the very heart of the entrepreneurial approach. The concept of
innovation is directly related to that of the enterprise, and practically all business
projects are fundamentally based on an innovation." (Tidd et al., 2006).

However, it is important to explain the term "innovation" in the context of this study.
To do this, it is essential to first acknowledge that the dynamism of local actors in
terms of innovation in adaptation practices is increasingly recognized and valued in
adaptation planning (Chouinard et al., 2006; Lepage, 2009).

"Innovation can be seen as the implementation of a product (good or service), a new
or significantly improved process, a new marketing method, or a new organizational
method in the practices of the company, the organization of the workplace, or
external relations." (OECD, 2007)

Innovation is about making changes to what already exists by introducing something
new. It can be radical or incremental, and can be applied to products, processes, or
services in any type of organization. It can take place at any level of the organization,
from management teams to departments and even at the individual level
(O'Sullivan, 2008).
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Farmers have always been subject to climatic uncertainties, but without necessarily
adapting their practices. However, by considering climate change and variability as
unprecedented phenomena in their scope, they have learned to modify their tools and
agricultural practices over time, through experience and practice. These adjustments,
referred to as "routine innovations" or "micro-inventions," often involve not only the
adoption of new techniques but also the improvement and adaptation of existing
practices, taking into account regional and local specificities. These actions are the
result of a blend of new ideas, attitudes, and practices derived from diverse sources
(Veen, 2010).

Innovation based on broad social understanding considers that society is at the heart
of the economy and that the environment is an essential element. It creates a link
between these different elements, including the sustainable development agenda.
Social innovations are innovative solutions for products, processes, services,
technologies, or models that simultaneously address a social need
(Pisano et al., 2015).

The innovation process is fueled by interactions within a community of actors that
bring together scientific and non-scientific knowledge to resonate with each other.
(Barret et al., 2018).
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3.2. Innovation: the result of ideas and discussions

Innovation is a key concept that influences economic, social, and technological
development worldwide (Marchand et Laau-Laurin., 2024). It represents not only the
creation of new ideas but also their implementation to provide added value.

Ideas are at the heart of the innovation process. They represent the essential starting
point that allows for the transformation of abstract concepts into tangible products,
services, or solutions (Hamdi-Kidar., 2023). They can emerge from various sources.
Innovation management involves the generation of ideas, the evaluation, and the
implementation of these ideas. Techniques such as brainstorming and
interdisciplinary collaboration are essential to stimulate creativity (Gall., 2015). By
creating a free environment to share ideas, companies discover innovative solutions
to complex problems (Chorfi et Al., 2024).

Discussions on innovation play a crucial role in the dissemination of ideas and best
practices. They allow industry stakeholders to exchange viewpoints, learn from one
another, and explore new perspectives (Hamdi-Kidar., 2023). Forums, conferences,
and workshops are ideal platforms for these exchanges. For instance, establishing a
culture of innovation within an organization requires open communication across all
hierarchical levels. This not only fosters a better understanding of the challenges the
company faces but also encourages greater employee involvement in the innovation
process.

The origin of innovation is a lively debate that opposes proponents of the "technology
push" approach, who see scientific and technological breakthroughs as the source of
innovation, to those who emphasize the role of market changes and demand.
According to a synthesis of empirical studies conducted by Mowery and Rosenberg
(1979), there exists a complex process of innovation that is influenced by both factors
and cannot be reduced to a linear model. Von Hippel (1988) highlighted that the
source of innovation can vary significantly, ranging from users to suppliers to
manufacturers. Companies have also developed their own research and development
systems to address specific needs related to information distribution, particularly for
reasons of secrecy and competitive advantage. Dosi (1982) highlighted that market
changes tend to lead to marginal innovations, but that changes in demand
endowments cannot explain the emergence of radically new technologies.
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3.3. Incremental and radical innovations

Innovations can be classified into two main categories (Chauveau et al.,, 1999): 1-
incremental innovations, which involve gradual improvements. 2- radical innovations,
which consist of creating new technologies or paradigms, and define them as follows:

Incremental innovations are progressive improvements and minor adjustments to
existing products, services, or processes, aimed at optimizing efficiency and
performance without disrupting the fundamental structures in place (Mansfield,
1968). According to Dosi (1982), these innovations operate within a technological
paradigm, which guides technological development during a given period, allowing
companies to remain competitive without engaging in radical changes. Innovation
trajectories are often influenced by incremental innovations, which enable
organizations to gradually adapt to market changes while maintaining their
technological base (Tushman and Anderson, 1986). The advantages of these
innovations include lower risk, controlled costs, and continuous improvement within
organizations, thereby enhancing their agility. This allows companies to continue to
innovate while minimizing disruption to their operations.

Radical innovations are distinguished from incremental innovations by their profound
impact on the technical system, the forms of work organization, and the structure of
the production system, disrupting not only existing technological paradigms but also
the very morphology of the production system. These radical innovations lead to a
break in trajectory both in the production process and in the market structure,
challenging established production methods and creating new markets. This can be
observed, for example, with the advent of electronics, which has transformed the
home appliance and consumer electronics industries (Le Bas et Al.,, 2003). On the
contrary, incremental or regular innovations involve the continuity of the
technological trajectory in an already defined market, allowing for the improvement
of existing products or services without fundamentally challenging the production
methods or market structure. Revolutionary innovations, such as the introduction of
jet engines in commercial aviation, combine a break in technological trajectory with
market continuity, while niche innovations, such as the use of social networks for
corporate communication, are characterized by the discovery of a new market
without necessarily involving a break in technological trajectory
(Chauveau et al., 1999).
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3.4. Invention and innovation

According to Freeman (1982), invention and innovation are key concepts in tech and
the economy. Invention is basically an idea or a model for a new process or product
that can be patented, meaning it has to be original and bring something new to the
table. But just because something is invented doesn't mean it will make money right
away, like how the transistor was a big breakthrough in electronics but didn't start
raking in cash immediately. On the other hand, an innovation represents a
commercially viable use of an invention, involving the implementation of this idea in
a business context where it can generate revenue. Research and development (R&D)
plays a key role in this process of transforming an invention into an innovation,
enabling the exploration of new ideas, testing their market viability, and ensuring that
inventions can be adapted to market needs, which is essential for success in a
competitive environment.
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4 Innovation and economy

4.1. Economic studies on agricultural innovations and the utility of the adopter

Initial studies conducted by economists specializing in the rural sector focused on the
process of diffusion of hybrid corn varieties (Ruttan, 1996). Griliches (1957) revisited
research initially carried out by sociologists (Ryan and Gross, 1943) concerning the
diffusion of hybrid corn varieties. His work primarily concentrated on the profitability
generated by this innovation. He conducted an econometric study to examine
variations in adoption levels, the rate of spread, as well as the observed adoption rates
in various regions. According to Feder and his colleagues (1985), Griliches is the first
to have studied the econometric adoption of an innovation over time, modeled by a
sigmoid function. His study highlighted that economic factors such as income,
agricultural yields, and the size of farms are the main drivers of the adoption and
diffusion of agricultural innovations (Griliches, 1957).

From the late 1970s, a new way of analyzing innovation emerged in the economic
field. One of the first approaches to diverge from that proposed by Griliches in 1957
is based on microeconomic equilibrium models (Ruttan, 1996). These models
generally examine market relationships between producers and consumers of goods
and services through a price system. Anchored in microeconomic theory, they
perceive the diffusion of an innovation as the result of an interaction between
potential users (consumers) and the object to be adopted (the innovative good). This
method is based on two fundamental assumptions: first, information plays a limited
role in the diffusion of an innovation, and second, economic agents act rationally, with
farmers seeking to optimize their income based on their adoption choices
(Faure et al., 2018).

Thus, in this context, a low diffusion rate can be interpreted as the fact that a given
innovation does not present, for certain potential adopters, a significant advantage
over existing options (Rahm and Huffman, 1984). Furthermore, from the perspective
of rationality, this may also reflect an expectation from adopters for a moment
deemed optimal for adoption (Lissoni and Metcalf, 1994; Ruttan, 1996). However, the
gradual learning process also can explain this, where users acquire experience and
knowledge about the innovation through their practice
(Anderson et al., 1977; Ghadim and Pannell, 1999).

The analysis of adoption through microeconomic equilibrium models frequently
utilizes econometric tools such as Probit or Logit models. The latter allows for the
examination of individual adoption decisions at a given moment, without concern for
the temporal evolution of diffusion (Lissoni and Metcalf, 1994). This research situated
within this perspective by focusing on the elements that promote the diffusion and
adoption of an innovation, rather than on the detailed analysis of its diffusion curve
over time.
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However, this approach has limitations (Feder et al., 1985; Ruttan, 1996), which leads
us to incorporate other elements into the analysis of farmers' decisions. The
underlying neoclassical model assumes linearity in the innovation process, often
neglecting feedback or interactions in the diffusion of innovations (Silverberg et al.,
1988). In these models, innovation presented as the exclusive result of scientific
knowledge, without allowing for learning or appropriation by end users. In other
words, innovations would simply be offered to farmers, without them having the
actual opportunity to appropriate or adapt them to their needs.

On the contrary, our research adopts an approach based on the non-linearity of
innovation. We take into account the interactions that may exist between the actors
involved, namely farmers and institutions, in accordance with the logic of evolutionary
models.

4.2. Economic flows and their role in the development of innovation

In his Theory of Economic Evolution (1911), Schumpeter, initially an admirer of
neoclassical theory, seeks to develop a theory of economic evolution distinct from the
static equilibrium of the neoclassicals. He proposes that the economic system
possesses a source of energy disrupting the equilibrium, an idea akin to the teachings
of Karl Marx, where economic evolution is an autonomous process generated by the
system itself (Schumpeter, 1937/1989, cited by Fagerberg, 2003).

The Schumpeterian approach thus integrates elements from Marxist, neoclassical
doctrines, and the German Historical School. It is distinguished by its emphasis on the
historical specificity of economic issues and the necessity to analyze phenomena at
the microeconomic level, rather than the global level (Fagerberg., 2003)).

Schumpeter initially believed that his theory of economic dynamics could coexist with
the neoclassical theory of equilibrium. He defines the circular flow as an economy in
equilibrium, where agents follow routines. Innovation, according to Schumpeter,
disrupts these routines and triggers fundamental changes, producing winners and
losers. An economy in innovation is therefore far from equilibrium and represents a
break from usual practices (Nelson, 2012).
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4.3. The Framework for micro-meso-macro analysis of evolutionary economy

Dopfer and Potts (2007) developed a micro-meso-macro analytical framework for
economic evolution, based on three key concepts: rules, vectors, and trajectories. The
concept of rules distinguishes between subject rules (cognitive and behavioral) and
object rules (social and technical), which organize the actions of economic agents and
their interactions. These rules are hierarchical: constitutional rules (order 0) define
what is permitted within an economic system, while operational rules (order 1) govern
daily functioning, and mechanism rules (order 2) pertain to the adoption of new rules
(Dopfer & Potts, 2007).

The vectors of rules can be economic agents (individuals, or "Homo Sapiens
ceconomicus") or objects (organizations, products). Economic evolution results from
an interaction between these vectors, which embody and propagate the rules through
social and technical transformations (lbid.). Trajectories represent the evolutionary
paths of a rule, going through phases of innovation, adoption, and retention. This
process, often described as "creative destruction," illustrates how an innovation, by
breaking with existing practices, can transform a sector (Nelson, 2012).

In the agro-technical framework, innovation follows a similar trajectory. At the micro
level, innovation materializes through the adoption of new practices or technologies
by a local innovator or entrepreneur. At the meso level, these innovations adopted by
a larger population, creating dynamics of selection and differentiated growth. At the
macro level, the coordination of rules and their widespread adoption lead to a
reorganization of agricultural practices at the regional level, influencing the structure
of local agriculture. This process depends on the interaction between local actors,
organizational structures, and agricultural technologies, as demonstrated by Dopfer
and Potts (2007) in their analysis of evolutionary economic systems.

Thus, agro-technical innovation in the EI Oued province can be seen as a co-
evolutionary process, where technical and social rules intersect and reinforce each
other to transform agricultural practices, guided by evolving innovation trajectories.
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4.4. Innovation and Economic currents
4.4.1. Classical economists and innovation

The initial studies on innovation find their origins in classical economists (Conte, 2006;
Spielman, 2005; Antonelli, 2009). Adam Smith ([1776] 2002) was the first to recognize
the importance of technical change and its role in yields and society, highlighting the
impact of new production techniques and divisions of labor. Morroni (1992), in
Production Process and Technical Change, distinguishes three crucial dimensions for
the economic analysis of productive activity and technical change: (i) The relationship
between the quantities of inputs and physical yield, and, at given prices, between the
costs of inputs and yield (profitability). (ii) The relationship between time, modes of
execution, and the organization of productive units. (iii) The change that generates
new inputs and/or outputs according to technological possibilities and demand
(qualitative transformations). Classical economists have extensively studied these
dimensions. For example, Adam Smith [1776] integrated them into his analysis of the
relationships between efficiency and internal organization. Ricardo (1821), cited by
Spielman (2005), laid the groundwork for the analysis of innovations and technological
evolution in agriculture, emphasizing the impact of innovation on productivity,
income, and well-being. Karl Marx (1867), cited by Antonelli (2009), viewed
technological change as a driving force of capitalist development, stating: "It is not the
articles produced, but the manner in which they are made, and with what instruments,
that distinguishes the different economic epochs" (Marx, 1867).

4.4.2. Neoclassical economists and innovation

A large part of neoclassical literature has neglected technical change or treated it as
an exogenous phenomenon. According to this perspective, technical change is
perceived as an external adjustment of the production function, caused by factors
such as changes in demand or relative prices of production factors (Hayami and
Ruttan, 1985; Roseboom, 1999). This approach views innovation as an economic
effect rather than a process in itself. Innovation in this theory primarily concerns the
application of existing technologies to maximize profit by reducing unit costs and
increasing return on investment, without focusing on radical changes in products or
processes.
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In neoclassicism, the firm is perceived as an element in a perfect market where
economic agents are rational and omniscient, seeking to maximize their profit
(Boussard, 1987). Innovation, which involves the creation of new products or
technologies, contradicts this static view of the economy, as it introduces a dynamic
that goes beyond mere adjustment to market signals. According to Douglass North
(1993), the neoclassical theory of prices in a perfect market is inappropriate for
analyzing development policies, as it overlooks the institutions that structure
technological development and investments in human capital. Institutions, as defined
by North (1990), are essential for reducing uncertainty and guiding economic choices
in a context of change.

Thus, innovation is a dynamic process that challenges the assumption of a perfectly
competitive market and highlights the crucial role of institutions in guiding and
facilitating this change. This framework is well illustrated by the New Institutional
Economics (NIE), which emphasizes the importance of institutions in economic
development and change (North, 1991; Menard, 2003). Institutions, by structuring
incentives and reducing uncertainty, play a key role in the adoption of innovations and
in long-term economic development.

4.4.3. Schumpeter and Innovation

At the beginning of the 20th century, a theoretical framework for the analysis of
innovation systems and technological transfer emerged, largely due to the
contributions of figures such as Hick and, above all, Joseph A. Schumpeter, regarded
as the father of innovation economics (Antonelli, 2009; Hall and Rosenberg, 2010). In
his seminal work "The Theory of Economic Development" (1934), Schumpeter defined
innovation as the application of new combinations of production factors. The
entrepreneur, according to him, is not merely an inventor, but rather an agent who
assembles various elements to create a new product, solve a problem, or enter a
market.

Schumpeter's conceptions regarding the role of the entrepreneur in innovation have
evolved over time. Initially, he viewed the entrepreneur as an individual who initiated
a new venture, such as a farm. Later, he expanded this perspective, seeing the
entrepreneur as a collective entity, a group, or a company that formalizes research
and development functions. This evolution highlighted the professionalization of
research and underscored the crucial role of teams and collective actors in the
innovation process.

Schumpeter (1934) also defined his "famous trilogy" to describe technological change,
dividing it into three phases: invention, innovation, and diffusion. The first phase,
invention, pertains to the generation of new ideas and is generally associated with
fundamental science and research. Innovation represents the transformation of these
ideas into marketable products and processes, linked to technology and applied

23



CHAPTER | / CONCEPTUAL & THEORETICAL PART

research. Schumpeter distinguished five types of innovations: (1) a new product or a
new quality of product, (2) a new method of production, (3) access to new markets,
(4) the discovery of new resources, and (5) a new form of organization. The final phase,
diffusion, involves the spread of these products and processes across various markets.

Technological evolution results from the continuous entry of entrepreneurs and
innovation processes into the market. This leads to the obsolescence of old companies
and production methods, thereby encouraging firms to invest in new products and
processes, a phenomenon that Schumpeter refers to as "creative destruction" (Mark
I model). A secondary model, "cumulative creation" (Mark Il model), describes more
mature societies where innovation continues over time, thanks to the accumulation
of technological advancements and industrial changes.

4.4.4. The evolutionary approach and innovation

Just like the equilibrium-based approach, the evolutionary approach emerged
because of Griliches' work in 1957 (Ruttan, 1996). According to Faure et al. (2018), this
approach conceptualizes the adoption of an innovation as a process leading to the
selection of the most suitable technology. It challenges the diffusionist paradigm of
innovation, particularly its linearity, as well as traditional models of maximization and
equilibrium (Dosi and Nelson, 1994; Nelson and Winter, 1973). According to Silverberg
et al. (1988), an evolutionary model must take into account the complexity of
implementing innovation, as well as the levels of learning and appropriation required.
Furthermore, this model must include the diversity of economic agents, considering
their abilities to master technologies, their levels of education, and their behaviors.

Furthermore, it is crucial that the model takes into account specific technical and
economic factors for each agent, such as the size of the company (or the farm in the
case studied), the competitive advantages related to innovation, as well as market
shares. Lissoni and Metcalf (1994) and Ruttan (1996) identify three main theoretical
axes for evolutionary models: the innovation cycle, the selection process of economic
agents in relation to innovation, and the role of prior choices in adoption (path
dependence).

The cycle of innovation illustrates how the profit of users of an innovation decreases
with the gradual saturation of the market. Adopters alternate between phases of
equilibrium (maximum profit) and disequilibrium (zero profit), following the life cycle
of innovations, which corresponds to the process of disequilibrium described by
Schumpeter (1935).
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The selection process examines the diffusion of innovation as a competition in the
market, where only those economic agents capable of innovating can sustain
themselves (Nelson and Winter, 2004).

The dependence on the path manifested in the choice of types of innovations
adopted, often guided by experiences or pre-existing habits. As a result, a superior
technology less adopted than a less effective alternative due to the prior choices of
users (Lissoni and Metcalf, 1994).

From the late 1980s, research based on the concept of innovation systems has
emerged (Edquist, 2001; Freeman, 1991; Touzard et al., 2014). This concept views
innovation as a systemic process, generated by a network of actors and institutions.
According to Carlsson et al. (2002), an innovation system consists of actors,
organizations, and networks interacting to generate innovation at various levels
(technological, sectoral, regional, or national). This system relies on the creation,
diffusion, and adoption of innovations within a diversity of interconnected actors.

Research on innovation systems revolves around three axes: the theoretical
framework related to the concept (discipline or school of thought), the scale or field
of application (technology, sector, or nation), and the purpose (context description,
knowledge production, or policy development) (Touzard et al., 2014). Applying this
concept allows for the exploration of the context of emergence and evolution of
innovations in Burkina Faso, while integrating all farmers and institutional actors.
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5. Adoption of innovation:

5.1. Adoption: characteristics and process

The adaptation to climate change and variability refers to a process by which natural
and human systems adjust to respond to a constantly evolving environment (IPCC,
2007). It includes behavioral, technological, and structural modifications aimed at
either reducing vulnerability or enhancing the resilience of any type of system. This
process involves various actors, ranging from individuals to governments, each
motivated by multiple and varied interests (Adger, 2005). Although it constitutes a
continuous process, adaptation can be broken down into four main stages
(Kandlikar and Risbey, 2000).

5.1.1. Warning phase:

This stage corresponds to the detection of early warning signals, often related to
climate, but also incorporating socio-economic, political, institutional, and
technological dimensions (Bryant et al., 2000; Smith and Skinner, 2002).

5.1.2. Evaluation:

During this phase, the decision-maker, whether an individual (such as a farmer) or an
organization (such as a government), analyzes the extent of the threat and its likely
consequences in order to define the necessary measures (Smith et al., 2009).

5.1.3. Decision-making:

This is the stage where a change in behavior or performance is observed in response
to the identified threat.

5.1.4. Reaction:

The final phase consists of evaluating the effectiveness of the decisions made in
relation to the established objectives.
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5.1.5. The adaptation is not limited to a continuous process:

It is also complex and multidimensional, capable of taking several forms
(Bryant et al., 2000).

5.1.6. Characteristics of stress:

They include the stimuli that actors and systems must face, whether related to
climate, socio-economic conditions, demographic growth, or government policies.

5.1.7. Characteristics of the system:

These elements encompass cultural, economic, political, institutional, and
environmental aspects. They influence the sensitivity, vulnerability, and adaptive
capacity of systems, factors that can either facilitate or hinder adaptation
(Smith et al., 2009).

5.1.8. Adaptive responses:

Adaptive responses can be classified according to their proactive or reactive nature
(Bryant et al., 2000; OECD, 2009), their temporal scope (short or long term), their
spatial scale (local or regional), or according to intentionality (autonomous or planned,
passive or active) and the actors involved (public or private) (OECD, 2009; Smith and
Skinner, 2002). In exploring adaptive responses, several studies have analyzed
decision-making dynamics, particularly among farmers at the local level (Atari, 2009;
Bessant, 2006; Bryan, 2009; Bryant et al., 2008; Chiotti and Johnston, 1995; Coles,
2009; Croppenstedt, 2003; James, 2010; Simpson, 2000; Sturdy et al., 2008; Ziervogel,
2006), private forest owners (Blennow and Persson, 2009), or within informal rural
social networks (Ziervogel and Downing, 2004). These studies have focused on
perceptions, the use of information, and the factors influencing decision-making
processes.
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5.2. Resilience and vulnerability to climate change

As indicated by the IPCC (2001), vulnerability represents the inability or sensitivity of
a system to endure the negative impacts of climate change and extreme weather
events. Reid et al. (2007) specify that in the agricultural context, vulnerability (V)
primarily arises from two factors: exposure or sensitivity (E) to environmental
changes, and the adaptive capacity (A) of the system in question. These interactions
can be summarized by the following formula:

V (ist) = f (Eist; Aist)
In this equation:
Vist represents the vulnerability of a system i to a climatic stimulus s, at atime t.
Eist expresses the exposure or sensitivity of system i to stimulus s at the same time.
Aist illustrates the ability of this system i to adapt to the stimulus s at the same time.

This relationship shows that increasing system exposure or sensitivity leads to
increased vulnerability, while improved adaptive capacity can reduce this vulnerability
(Smit and Pilifosova, 2003).

The exhibition reflects the likelihood of degradation of a system under the influence
of climatic stimuli, but this notion cannot be dissociated from other factors such as
social, economic, or political constraints that also influence the stress experienced by
agricultural systems.

In parallel, the capacity for adaptation refers to the potential of a system, community,

or region to adjust its practices to minimize the impacts of climate change
(Yohe and Tol, 2001). This capacity is influenced by various elements, including
technology, institutions, and social networks.

The determinants of adaptive capacity include several essential aspects. Knowledge
enables the identification and understanding of climate impacts and possible
solutions. Access to innovative technologies is necessary to address climate
challenges. Resources, whether financial or material, are indispensable for adaptation.
Institutions, with their structure and balance of power, play a central role in the
implementation of strategies. Human capital, which encompasses the education and
skills of individuals, as well as social capital, which relies on community networks, are
determining factors for effective collective action. Risk management involves
proactive preparation and a distribution of responsibilities, while information
management pertains to the collection, analysis, and use of data to guide strategic
decisions (Bryant et al., 2008; Smit et Pilifosova, 2003; Yohe et Tol, 2001).
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5.3. Coordination and Adaptation Strategies
5.3.1. Optimization of adaptation processes

The adaptation aims to mitigate the effects of climate change on natural and human
systems through structural, technological, and behavioral adjustments. Although this
practice is not new, its importance becomes crucial in the face of the unprecedented
challenges posed by current climate change (Fussel, 2007).

Historically, strategies such as water resource management, land use planning, and
public health measures have been employed to address climatic hazards. However,
Fussel (2007) emphasizes that societies must now confront unprecedented
environmental and climatic conditions, which necessitates a renewed methodological
approach.

La planification de I'adaptation nécessite I'intégration de données actualisées sur les
conditions présentes et futures pour développer des politiques pertinentes. Cette
démarche repose sur deux piliers essentiels : réduire la vulnérabilité et renforcer la
résilience des communautés (Dessai et al., 2005; Luers et al., 2006; Bedsworth, 2010).

The planning of adaptation requires the integration of updated data on current and
future conditions to develop relevant policies. This approach is based on two essential
pillars: reducing vulnerability and strengthening the resilience of communities
(Dessai et al., 2005; Luers et al., 2006; Bedsworth, 2010).

5.3.2. Management of scales: A territorialized approach

The implementation of adaptation strategies relies on a multi-scale dynamic, where
each organizational level, from local to national, plays an essential role (Lazarev,
2009). The specific characteristics of each territory, combined with the particularities
of the actors involved, significantly influence the effectiveness of the adopted policies.

Lepage (2009) discusses a "paradigm shift" necessary to move away from traditional
vertical approaches and better integrate local vulnerability into planning. A nuanced
understanding of territorial interactions and socio-economic specificities is essential
to ensure the success of adaptation strategies.
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5.3.3. Complexity of relationships between levels of governance

The OECD (2009) highlights the distinction between decisions made at the national
level and those adopted locally. However, Matisoff (2008) nuances this perspective by
emphasizing that local factors, such as citizen demands and environmental conditions,
play a decisive role in the formulation of climate policies.

This complexity is illustrated by Osbahr (2008), who studied the interaction of
institutions in Mozambique, demonstrating that multisectoral collaborations can
encourage learning and resilience in the face of climate risks. Conversely, they
highlighted the conflicts between local strategies and scientific concepts, particularly
during the Elbe floods in 2002.

These analyses confirm that the harmonization of policies between levels of
governance is a major challenge, but also an opportunity to develop inclusive and
effective solutions (Amundsen et al., 2010).

5.4. The Obstacles to Adaptation and Policy Development

According to Biesbroek (2009), the main complexity lies in the transition from the
concept of "government" to that of "governance." Governance involves the
participation of a diversity of actors, ranging from public and private institutions to
civil society associations, NGOs, and other stakeholders. This participation can, in
theory, stimulate initiatives, but it also complicates the development of adaptation
strategies, constituting a hindrance to the successful implementation of local actions.
It is not governance itself that is problematic, but rather its effects, among which are
the dynamics of the actors. Indeed, these dynamics can be a major obstacle to
integrated management that relies on negotiations between different stakeholders in
the context of managing a resource, such as the Saint Lawrence River (Gareau and
Lepage, 2005). In this context, certain actors, particularly the wealthiest and best
organized, benefit from an advantage. Furthermore, the partial use of scientific
expertise, often characterized by its uncertainty and difficulty of access and
interpretation, becomes an additional obstacle to the realization of environmental
projects in the Priority Intervention Zones (PIZ) (Gareau and Lepage, 2005).
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In a similar perspective, Crabbe et al. (2006) identify the institutional barriers faced by
local actors, particularly municipalities, by distinguishing between external and
internal obstacles. External obstacles include the lack of information regarding the
impacts of climate change on water infrastructure. However, the main hindrance lies
in the limited duration of elected officials' mandates, a dissuasive factor for long-term
planning. Internal obstacles are related to the inadequacy of resource management,
such as water resources, between municipal administrative boundaries and natural
watersheds, as well as the lack of local expertise and financial resources. Bassett
(2010) extends this analysis by highlighting the incompatibility of the approaches
adopted to develop adaptation strategies at the municipal level. These approaches
are often not very inclusive and do not involve all stakeholders, while community
participation is frequently low and access to data is considered complex.

According to Bedsworth (2010) and Amundsen et al. (2010), the development of an
appropriate adaptation strategy requires overcoming numerous technical and
institutional barriers, such as: i. Data uncertainty, particularly regarding the extent and
nature of climate impacts. Climate models indicate greater variability (IPCC, 2007),
rendering certain forecasts uncertain. ii. Conflicts of objectives and necessary
compromises among stakeholders. iii. Outdated regulations. iv. Failures in
coordination. v. A lack of local funding and expertise. vi. Institutional limitations,
particularly the ambiguity of the role of central governments in the formulation of
adaptation policies.

Thus, to be effective, public policies must be able to adapt to a dynamic and uncertain
environment, such as climate change. A policy that does not work in this context or
fails to detect its obsolescence could hinder adaptation (Swanson, 2010). This is why
Walker et al. (2010), cited by Swanson (2010), emphasize the importance of
integrating an uncertainty-based approach into policy design, using the following
tools: (i) Integrated and forward-looking management, which assists decision-makers
in designing policies in a retrospective and anticipatory manner. (ii) Integrated policy
adjustment, which allows for the rapid adaptation of policies to new realities. (iii)
Continuous learning, useful for identifying emerging issues that may affect policy. (iv)
Participation of all stakeholders, facilitating the search for compromises and the
recognition of shared values. (v) Encouragement of the autonomy of social networks,
preserving existing social capital. (vi) Decentralization of decisions, promoting
responsiveness to unforeseen events. (vii) Encouragement of diversity, which
strengthens the resilience of systems in the face of changes.

Smith et al. (2009) share this vision and add that local leadership and public funding
for adaptation are essential to aligh government actions with the various scales of
climate change adaptation.
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5.5. Local Knowledge and Adaptation

Numerous studies, such as those by Bryant et al. (2008), Bryant et al. (2000), and Smith
and Skinner (2002), address the theme of adaptation to climate change, with
particular attention given to case studies that illustrate how communities respond to
climate changes. These studies, based on surveys and interviews, examine the
importance of considering local knowledge in adaptation strategies. Indigenous
peoples, often marginalized in discussions on adaptation and mitigation of climate
change effects, are nonetheless among the most vulnerable (IPCC, 2001). Their
survival depends on their ability to interpret natural cycles and adapt their actions
accordingly.

Local knowledge, particularly that of indigenous peoples, plays a crucial role in the
management of natural resources and can fill the gaps left by missing climate data.
Green (2010) emphasizes that this knowledge is valuable, especially in regions where
scientific observations are scarce. It is now recognized that adapting management
strategies to the local context is fundamental. This approach is increasingly being
applied for adaptation to climate change and climate variability.

Local knowledge is therefore a key element in understanding how to develop
culturally appropriate adaptation strategies. However, the challenge lies in the
complementarity between large-scale scientific research and local needs, requiring
the engagement of researchers (Chouinard et al., 2006). Berkes (2007) goes further by
emphasizing that local knowledge is not limited to a local scale, but can also inform
changes at the regional level. He highlights the complementarity between traditional
knowledge and modern science, particularly through the examples of the Inuvialuit
and Samoan communities, which provide useful information to complement scientific
data.

Neglected for a long time, traditional knowledge is now considered essential in the
face of the challenges posed by climate change. By integrating this knowledge with
scientific knowledge, it becomes possible to develop adaptation strategies that are
better suited to the local context. Projects such as that of Tremblay et al. (2008) with
the Inuit and Naskapi communities have demonstrated the importance of community
participation in developing adaptation tools. Ogden and Innes (2009) support this view
by emphasizing that adaptation strategies must combine local, scientific, and
governmental knowledge to be effective.
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5.6. Theories related to the adoption of innovations

They define this concept as a decision-making process by which an individual or
organization chooses to use an innovation in order to achieve a specific objective
(Rogers, 1995).

According to these theories, several factors influence the decision to accept or reject
a new technology or method. Among these elements are essential questions such as:

e Does the innovation offer superior advantages compared to the user's current
practices?

e |s it easy to understand and use?

e Have peers or other similar individuals adopted it, and if so, what have their
experiences been?

* Does the innovation align with the user's values, beliefs, and identity?
e Can it be tested before making a definitive commitment?
e What risks are associated with its adoption?

All these considerations share a common denominator: the perception of the utility
of innovation, which constitutes a central element of these theories.

5.6.1. Theory of Reasoned Action

The theory of reasoned action posits that human behaviour influenced primarily by
behavioural intention, which plays a central role. Indeed, when a person expresses a
clear intention to adopt a behaviour in a particular situation, this behaviour will
materialize a strong likelihood. This intention shaped by three key elements:

Attitude toward the behaviour: This refers to the individual's beliefs about the positive
or negative consequences associated with the behaviour, as well as the importance
they attach to these consequences.

Subjective norms: They refer to the individual's perception regarding the expectations
of significant others and their desire to conform to these expectations. For example,
the adoption of an agricultural technique by a farmer may be strongly influenced by
the opinion of a family member, such as their father.

Perception of behavioural control: It refers to how the individual perceives external
factors that facilitate or complicate the adoption of a given behaviour.
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This model, developed by Fishbein and Ajzen (1975), has its roots in social psychology
and explores the relationships between beliefs, attitudes, norms, intentions, and
behaviors. According to its designers, an individual's behavior is largely determined by
their intention, which is influenced by their attitude and the subjective norms related
to that behavior. Subjective norms are defined as the individual's perception of the
expectations of their peers regarding the behavior in question. In summary,
behavioral intention can be formulated as a combination of attitude and subjective
norms.

This model is based on the idea that external stimuli can modify an individual's belief
structure, thereby influencing their attitudes. Furthermore, the individual’s normative
beliefs and their level of motivation to adhere to these norms modulate subjective
norms.

5.6.2. Technology Acceptance Model

Direct extension of the theory of reasoned action, the technology acceptance model
(Davis, 1986) aims to predict the acceptability of an innovation and to identify the
necessary adjustments to improve its performance and promote its adoption. This
model is based on two fundamental factors:

e Perception of usefulness: For an innovation to be accepted, it must be perceived as
beneficial for accomplishing the intended tasks.

e Perception of ease of use: A technology must be easy to understand and use to
encourage its adoption. An intuitive interface, for example, gives the user a
heightened sense of control, as highlighted by Lepper (1982).

However, Davis's (1989) research has shown that the intention to use an innovation is
more influenced by perceived usefulness than by ease of use. Thus, perceived
usefulness appears to be the main driver of adoption. A meta-analysis conducted by
King and He (2006, cited by Manon, 2007) has consolidated the predictive validity and
robustness of this model in various contexts.

5.6.3. Theory of Planned Action

The theory of planned behavior (Ajzen, 1985; 1991) is an evolution of the theory of
reasoned action. It introduces an additional element to account for behaviors over
which individuals have only partial control: the perception of behavioral control. Ajzen
defines this concept as the individual's perception of the ease or difficulty of adopting
a given behavior, influenced by their resources, abilities, opportunities available to
them, and the likelihood of success.

34



CHAPTER | / CONCEPTUAL & THEORETICAL PART

5.6.4. Levels of technological preparation

The levels of technological preparedness (Parasuraman, 2000, cited by Jabeur, 2008)
measure an individual's ability to adopt new technologies. This model is based on four
main dimensions:

e Optimism: A positive view of technology, perceived as a lever for efficiency and
flexibility.

e Innovative spirit: The tendency to quickly adopt new technologies.

e Discomfort: The feeling of not having enough control over technology.

e Insecurity: Distrust regarding the reliability of technological tools.

5.6.5. Model of Rational Adoption Choices

This model is based on the idea that technological adoption results from rational
economic reasoning where the individual seeks to maximize a utility function under
constraints (Domencich and McFadden, 1975; Hausman & McFadden, 1984, cited by
Richefort, 2008). Adoption occurs when the expected utility with the technology
exceeds that obtained without it. Despite its strengths, this model faces criticism,
particularly for the limited role assigned to social interactions and learning.

5.6.6. The theory of diffusion of innovation

The diffusion and adoption of innovations represent major challenges in the
agricultural sector. Sociologists, such as Rogers (1995), have studied the mechanisms
of diffusion and categorized users into technological categories, notably "early
innovators" and "followers." This adoption process often follows an S-curve,
characterized by an initial phase of slow adoption, a rapid growth phase as the
innovation becomes popular, and a final plateau when the market reaches saturation.
Geographers, like Hagerstrand (1967), have focused on the spatial aspect of diffusion,
particularly relevant in agriculture, where potential users are dispersed over vast
geographical areas. This dispersion underscores the importance of analyzing the
mechanisms that facilitate adoption.

Initially proposed in 1962 by Everett Rogers, the diffusion of innovations theory
remains a central conceptual framework for understanding the acceptability and
adoption of new technologies, both at the individual and organizational levels
(zaltman, Duncan & Holbeck, 1973). Rogers (1983) defines diffusion as "the process
by which an innovation is communicated through certain channels over time to the
members of a social system." This theory identifies four main elements: innovation,
communication channels, time, and the social system.
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According to Rogers (1995), several criteria influence adoption, such as relative
advantage, compatibility, complexity, testability, and observability. These criteria
demonstrate that adoption depends not only on perceived benefits but also on the
social and cultural frameworks of the adopters. However, this model is not without
criticism. Authors like Kpokpogbé (2000) highlight its limitations in terms of uniformity
among adopters and the consistency of profitability over time, thereby justifying the
use of other approaches, such as the rational choice model.

5.7. Innovation in agriculture

For millennia, innovation has shaped agriculture and rural activities, whether
resulting from chance or from the informal yet intentional initiatives of rural
communities seeking better-suited solutions for production and organization (Poole,
2006). The integration of these new organizational approaches enables farmers to
enhance the efficiency of their production systems while providing them with means
to overcome the challenges they face. Although few farmers directly adopt advanced
technologies such as biotechnology, electronics, or computing, Bonny and Daucé
have highlighted that many aspire, sometimes implicitly, to utilize their applications
to address the increasing difficulties they encounter.

5.7.1. Induced innovation: rationality of farmers

The economic theory of induced innovation in agriculture establishes a close
relationship between the technological choices of farmers and the environmental
constraints they face. It suggests that certain environmental degradations may self-
correct. The scarcity of resources or the increase in costs, whether private or social,
resulting from these degradations, encourages the adoption of new agricultural
practices and sustainable resource management methods (Zeller et al., 1998).

Based on empirical observations made by Ruttan and Hayami, this theory views
innovation as a response of economic agents to the constraints encountered. These
innovations emerge under the influence of economic conditions, particularly the
scarcity of resources and the economic opportunities they generate (Mastaki
Namegabe, 2006).

Ruttan and Hayami observe that innovation does not solely result from the reaction
of companies, motivated by profit maximization in response to market price
fluctuations, but also from the responses of public and private research institutions to
changes in factor endowments and economic developments (Mounier, 1992).
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According to these authors, the land/man ratio is a key factor influencing the direction
of technical changes in agriculture. This theory also emphasizes that the pursuit of
profitability encourages companies to be not only efficient but also to push the
technological boundaries through research and the adoption of innovations. This
allows for overcoming the constraints associated with the maximum exploitation of
available resources. Farmers characterized by economic rationality.

5.7.2. Induced Innovation and the Dynamics of Agrarian Systems

Numerous studies confirm the validity of the induced innovation theory and its
connection to the dynamics of agrarian systems. Ruthenberg (1980), in his analysis of
tropical agrarian systems, identifies several agricultural innovations associated with
population growth, increased population density, and greater market integration in
various agroecological zones. He explains the observed changes in cultivation
techniques and soil management by the scarcity of land and the degradation of its
fertility.

5.8. The Factors of Adoption of Agricultural Innovations in Economics
5.8.1. The Socioeconomic Factors in the Adoption of Agricultural Innovations

In general, economists seek to explain the adoption of innovations by analyzing the
relevance of several explanatory variables. Among these variables, socioeconomic
factors such as age, education level, farm size, labor availability, income, and access
to credit are often studied.

Age frequently plays a crucial yet ambiguous role. There is a negative correlation:
older farmers tend to adopt fewer innovations, while younger ones are more inclined
to innovate due to a longer time horizon (Adesina et al., 2000; Anderson et al., 2005).
However, some studies indicate a positive relationship, suggesting that the experience
of older farmers may offset this bias (Gedikoglu et al., 2011; Ghazalian et al., 2009).

The level of education is often associated with an increased adoption of innovations.
A higher educational level enables individuals to understand and anticipate the
benefits of new techniques (Abdulai and Huffman, 2005; Baffoe-Asare et al., 2013).
However, in certain analyses, this variable has not always been significant.

The size of farms is positively correlated with the rate of adoption of agricultural
innovations. This trend is highlighted in research conducted in South Asia, The
Gambia, and Ghana, regarding the wuse of tractors or pesticides
(Binswanger, 1978; Weil, 1970; Baffoe-Asare et al., 2013).
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The availability of labor also influences adoption. Agricultural innovations requiring
significant labor are often less adopted in regions where labor is scarce, particularly
during the rainy season (Ouédraogo et al., 1982; Feder et al., 1985).

High incomes facilitate the adoption of agricultural innovations. Financial aid and
subsidies can also play a key role in overcoming economic barriers
(Mariano et al., 2012).

Access to credit is a decisive factor. Farmers who face difficulties in obtaining loans
are less likely to adopt new technologies, especially those with low collateral
(Abdulai and Huffman, 2005; Pingali, 2012).

5.8.2. The Factors Related to the Characteristics of Agricultural Innovations

In addition to socioeconomic factors, the intrinsic characteristics of innovations
strongly influence their adoption. These characteristics determine their perceived
utility by farmers, a central concept in the consumer theory developed by Lancaster
(1966).

Farmers primarily adopt innovations that meet their specific needs, particularly in
varied agroecological contexts. For instance, in arid areas, techniques aimed at
alleviating water stress, such as supplementary irrigation, are widely favored
(Binswanger and Pingali, 1988).

The perceptions of farmers regarding the benefits of an innovation also play an
important role. For example, the quality of seeds or the cooking time of agricultural
products are key elements that influence adoption decisions in certain African
countries (Adesina and Baidu-Forson, 1995).

5.8.3. The Risk Aversion Levels of Farmers

The inherent economic risks associated with agriculture, such as climate variations or
price fluctuations, influence farmers' behaviors. Individuals who are more risk-averse
are more hesitant to adopt innovations, as demonstrated in several studies
(Feder and Umali, 1993; Menapace et al., 2015).

Various approaches have been employed to assess attitudes towards risk, ranging
from lottery games to  questionnaires on  personal preferences
(Binswanger, 1980; Dohmen et al., 2011). However, these analyses are often static,
even though the adoption of innovations is a dynamic process involving several stages,
such as initial investment, acquisition of equipment, and effective use.
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6. Procedure and approach of innovation

6.1. The innovation process and its specificities

Innovation can be defined as a process of value creation (Morel, 1998), related to the
enhancement of the value of products and services, particularly through the
increasing integration of intangible aspects (Taravel, 2004). This specificity
distinguishes it from invention (Garcia and Calantone, 2002). According to Boly (2004),
the value of an innovation is based on eight components: financial, strategic,
intellectual, commercial, functional, related to novelty, reputation, and the pleasure
of stakeholders.

An innovative process is characterized by its permanent and dynamic nature. It
incorporates constant evolutions of products, modes of thinking, and knowledge
(Morel, 1998). However, it is also marked by a high level of uncertainty, due to
technical performance, market attitudes, and resource contingencies. This
uncertainty increases with the degree of innovation (Ferney-Walch and Romon, 2006).

The risks associated with innovation are numerous, ranging from financing to
profitable exploitation, including technical, human, or financial obstacles
(Boly, 2004; Tidd et al., 2006). Despite these challenges, failing to innovate exposes
companies to risks of stagnation or disappearance. Technological, commercial, and
organizational innovation remains essential, although it requires rigorous
management and the mobilization of significant resources (Le Masson et al., 2006).

According to Khalil (2000), the technological innovation process comprises eight
phases, from fundamental research to continuous product improvement. These
phases necessitate synergy among the company's skills, resources, and objectives.
Innovation also relies on complex processes, particularly due to multiple interactions
between variables, industrial contradictions, and the emergence of new ideas
(Boly, 2004).

Giget (1994) emphasizes that the success of innovation mobilizes the best skills and
resources of the company. The approaches to managing innovation, whether
managerial, economic, or social, contribute to its complexity (Galanakis, 2006).
Innovation seen as a deliberate and organizational process that enhances the strategic
position and capabilities of companies (Ferney-Walch & Romon, 2006).
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6.2. The operational levels of intervention in the field of innovation

To effectively measure a given quantity, it is essential that the operator has a precise
and comprehensive understanding of the characteristics of this quantity, in order to
minimize the effects of so-called influencing factors (external phenomena that may
alter the measurement) that could bias the results.

Applied to technological innovation, this nuanced understanding of the subject of
study allows for the identification of the most relevant indicators as well as the
strategic levers to improve the management of innovative processes. However, a
thorough analysis of the literature on innovation management reveals a lack of
consensus regarding the precise levels of intervention available to decision-makers
to optimize their strategies.

Some authors, such as Schumpeter (1934), highlight fundamental concepts such as
the introduction of a new product or an innovative process. According to him,
innovation manifests itself through initiatives such as the marketing of a new
product, the adoption of new production methods, the exploration of new markets,
or the structural reorganization of companies. In contrast, other researchers, such as
Millier (2005) and Mazzarol and Reboud (2006), focus more on innovative projects.

Additional perspectives enrich this vision. Bienaymé (1994) emphasizes the cognitive
dimension of innovation, describing it as a process that transforms ways of thinking
and conceiving products. Dert (1997) expands this approach by highlighting the
success of integrating inventions into the social fabric, a success that transcends
purely technical frameworks to encompass economic, industrial, and cultural
dimensions.
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In light of this diversity of approaches, it is essential to clarify the levels of
operational intervention within the framework of innovation management. In this
perspective, we adopt the classification proposed by Boly and Morel (2006), which
distinguishes five main levels:

The business environment: It encompasses the external actors interacting with the
company, such as research centers, financial partners, or competitors. Actions at this
level aim to optimize collaboration with these stakeholders while leveraging the
opportunities presented by regulatory and competitive frameworks.

The company and its project management processes: This level includes all the
resources and structures mobilized for innovation, requiring an appropriate
organization, optimal resource allocation, and rigorous technological monitoring.

The project: Considered as the organizational core, this level focuses on the
management of dedicated resources, the coordination of teams, and collective
decision-making to ensure the success of innovative projects.

The product and its technological evolution: Represents the culmination of the
innovation process, requiring reflection on specifications, life cycles, and
opportunities for improvement or replacement.

Individuals and groups: Encompasses the actors responsible for the implementation
and evolution of the innovation process. Managerial actions here include skill
development through training and inter-company cooperation.

These five levels provide a structured and tailored approach to manage effectively
innovation processes.
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7. The typologies of innovation: a review of existing
classifications

Numerous studies on innovation agree on distinguishing two main categories of
innovations: incremental innovation and radical innovation, also known as disruptive
innovation. These types are addressed under various titles in the literature:
"revolutionary/incremental," "evolutionary/revolutionary," or
"continuous/discontinuous" (Freeman, 1991; Kessler and Chakrabarti, 1999;
Gutmann, 2003; Schilling, 2005; Schmickl and Kieser, 2008).

According to Veryzer (1998), two dimensions allow for the categorization of
innovations:

Technological capability: Reflects the degree of technological development relative to
current limits.

Product capability: Corresponds to the perceived advantages by the user.

7.1. Typologies of innovations from several perspectives
7.1.1. Veryzer's Typology (1998):

Veryzer distinguishes four types of innovations by crossing the levels of technological
development and the benefits produced:

e Continuous innovations,

e Commercially discontinuous innovations,

e Technologically discontinuous innovations,

* Technologically and commercially discontinuous innovations.

7.1.2. Typology of Geroski and Markides (Prax et al., 2005):

This classification is based on two dimensions:

e The impact on the capabilities of established companies,

e The effect on consumer habits.

It identifies incremental, strategic, major, and radical innovation.
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7.1.3. Macro/micro perspective and marketing/technology (Garcia and Calantone,
2002):

Garcia and Calantone differentiate:
e Radical innovations
e Truly new innovations

¢ Incremental innovations.

7.1.4. Ferney-Walch and Romon approach (2006):

These authors highlight four typologies based on the perception of novelties:
Repositioned products, Reformulated products, Original products Innovations
according to technology, concept, and market.

7.1.5. Typology of Cheng and Shiu (2008):

These researchers add a third category: re-innovations, which optimize costs and
timelines while maintaining competitive potential. The analysis of the literature shows
a great diversity of typologies for classifying innovations.

This plurality complicates the understanding of the concept of innovation and the
convergence of research in this field. Harmonization of classifications could facilitate
the advancement of studies on the development of new Products
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8. The Methods of Evaluating Innovation

Evaluating, quantifying, and structuring innovation competencies and practices
represents a major challenge for many modern organizations. This process is also
crucial for assessing their overall performance (Frenkel et al., 2000). The measurement
of innovation has become a central topic for researchers, industry professionals, and
public authorities, as it allows for an understanding of the strengths and weaknesses
of existing systems and optimizes the use of available resources (human, financial,
etc.). Several studies have explored the necessary conditions for effectively managing
the innovation process within companies (Griffin and Page, 1996; Chiesa et al., 1998;
Adams et al., 2006; Guan et al., 2006; Wang et al., 2008).

In literature, a wide variety of definitions and evaluation criteria for innovation coexist.
Adams et al. (2006), in their analysis, emphasize that no universal model currently
exists to measure this process. The methods currently available may even sometimes
contradict each other. A holistic approach that encompasses these diverse
perspectives would be a considerable asset, as it would prevent the dispersion of
measurement efforts and provide a coherent view.

a). The Challenges of Measurement Models

The measurement of innovation often fragmented into several distinct studies, each
addressing specific needs of businesses or researchers, such as the identification of
inputs or outputs. Some focus solely on initial resources or outcomes, neglecting the
intermediate processes that transform these resources into results (Cordero, 1990;
Kim and Oh, 2002). The existence of multiple approaches also reflects the diversity of
innovation intervention levels: socio-political territory, enterprise, project, product, or
individuals. Each of these levels requires tailored methods and practices, further
complicating the establishment of a unified framework.

The models of innovation processes also influence approaches. Some authors consider
this process to be linear (Daft, 1978), while others describe it as dynamic and iterative,
involving complex interactions (Schroeder et al., 1989; Szymanski et al., 2007). Linear
models, although simplistic, have historically dominated practices (Cooper and
Kleinschmidt, 1987). However, dynamic models, which take into account the multiple
interactions among actors, are now regarded as more representative of modern
organizational realities (Ford and Sternman, 1998).
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b). Evaluation Dimensions

Adams et al. (2006) propose a structured framework around seven key dimensions to
measure the effectiveness of innovation management within companies:

* Resource management,

e Knowledge management,
¢ [nnovation strategy,

e Organizational culture,

* Project portfolio,

* Project management,

e Commercialization.

c). Typology of Evaluation Modes

Romon (2006) distinguishes three main modes of evaluating innovation performance,
based on the chosen indicators (quantitative or qualitative) and the scale of analysis
(company, department, project portfolio):

Quantitative evaluation: Analysis of market shares or the number of patents filed.
Performance of future projects: Use of financial tools such as business plans.

Qualitative evaluation: Technological, commercial, and image impact, through
unweighted criteria.
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8.1. Analysis of Inputs

Historically, the evaluation of inputs within the innovation process has primarily relied
on measuring R&D intensity, typically expressed in terms of allocated expenditures
and personnel engaged in R&D (Dubuisson and Kabla, 1999; Guellec, 2003; Hagedoorn
and Cloodt, 2003).

These indicators reflect the efforts made by companies in the field of research as well
as the skills developed in terms of innovation, which influence their performance. R&D
efforts are not limited to the current inputs of the company but also represent
previous successes that constitute an essential part of the capabilities that the
company builds by developing a long-term project-focused R&D strategy. R&D inputs
are part of a broader set of routines adopted by companies in their innovation
approaches, where previous investments influence future contributions to R&D
(Hagedoorn and Cloodt, 2003).

These efforts also provide insight into the resources that companies allocate to the
innovation process as well as the initiatives aimed at enhancing scientific and
technological knowledge (Guellec, 2003). However, these indicators do not provide
any information on the outcomes of these activities or on innovations that do not
explicitly rely on scientific or technological content (Guellec, 2003). Furthermore, R&D
does not encompass all the innovation efforts undertaken by companies, as certain
sources of technical progress, such as learning by doing, fall outside this strict
definition (OECD, 2005).

In a similar perspective, a study conducted by Chastenet and Boucherand (2007) for
the Ernst & Young department explored the influence of company size (or human
capital) on value creation and, consequently, on their performance. Based on a sample
of 510 French companies listed during the period 2003-2006, this study compared
indicators of intangible value creation, such as the relative share of intangible assets
in long-term capital. It appears that this rate is all higher as the size of the company
increases, reaching 76% for large companies in 2006, compared to 68 to 74% for small
and medium-sized enterprises.

The results also show that medium-sized companies are more specialized in niches,
particularly technological ones, for nearly 30% of them, compared to only 10% for
large companies. At the same time, the human capital coefficient (the ratio of
workforce to intangible assets) is significantly higher in medium-sized companies
(26%) than in large ones (4%). This highlights that medium-sized companies rely more
on their human resources to generate intangible value.
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For all categories of businesses, the analysis of value creation requires monitoring
traditional financial indicators based on profitability and growth, as well as specific
indicators related to intangible capital, such as human capital, which constitutes a
source of competitive advantages (Arocena and Sutz, 2003). Although economic
growth increasingly relies on knowledge and innovation, it necessitates a significant
reliance on a highly skilled workforce.

Despite the growing interest in this field, measurement approaches and indicators
remain limited. Evaluations often focus on traditional R&D inputs (expenditures and
workforce). Studies such as that of Barthet (2007) propose multicriteria methods to
assess industrial machines and equipment by considering strategic, transactional, and
economic aspects.

Research and development expenditures and human capital are key indicators for
assessing the inputs of the innovation process. Their impact on technological
performance and the creation of new products is well demonstrated
(Parthasarthy and Hammond, 2002; Simonen and McCann, 2008). However, these
inputs alone are insufficient to explain the process that does not utilize them or the
results obtained, highlighting the importance of the internal dynamics of innovation
(lansiti and West, 1997)

8.2. Evaluation of Innovation Activities

According to the OECD (2005), innovation activities encompass all scientific,
technological, organizational, financial, and commercial actions aimed at or resulting
in the realization of innovations. Some of these actions are intrinsically innovative,
while others, although not new, are essential for the achievement of innovations.
These activities also include research and development (R&D) that is not related
directly to a specific innovation.

Various researchers to assess their role in the success of companies’ innovation
activities have analyzed the technological innovation capabilities (ICTs). Several
models been developed to audit these capabilities, with the idea that strengthening
them can enhance the competitiveness of companies. Freeman (1994) emphasizes
that, in the long term, technological innovation constitutes a major source of
competitive advantage. Furthermore, Jonker et al. (2006) established a significant link
between ICTs and the economic performance of companies. Adler and Shenbar (1990)
identify four essential innovation capabilities for companies:
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e Designing new products that meet market needs.
* Producing these products using appropriate technological processes.

e Responding to future needs through the development and market introduction of
new products and processes.

e Adapting to unforeseen opportunities generated by competitors.

Christensen (1995) proposes four necessary assets for successfully achieving
technological innovation, emphasizing their combination: assets of scientific research,
process innovation, products, and aesthetic design. According to Burgelman et al.
(2004), a company's ICTs encompass all organizational characteristics supporting its
innovation strategy. These authors identify five key ICTs: resource management,
understanding of competitive strategies, technological evolution, organizational
structures, and strategic management.

Other analytical frameworks, such as that of Chiesa et al. (1998), detail the processes
of technical innovation by distinguishing between core processes (design and
production of new products) and supporting processes (management of human and
financial resources).

Romijn and Albaladejo (2002) add to these indicators measuring the innovation
capabilities of small enterprises, such as patents or product novelty, while
emphasizing the need to reduce the subjectivity associated with these measures.

Yam et al. (2004) structure the evaluation of ICTs into seven capabilities: learning,
R&D, resource management, production, marketing, organization, and strategic
planning, associated with performance indicators (sales growth, number of new
products, etc.).

Guan et al. (2006) and Koc and Ceylan (2007) highlight the close links between these
capabilities and the competitiveness of companies, emphasizing the importance of
effective management of internal processes to maximize innovation and its economic
impacts.

48



CHAPTER | / CONCEPTUAL & THEORETICAL PART

8.3. Evaluation of Results

For decades, the available data to assess the outcomes of scientific, technical, and
innovative activities have been limited to the number of registered patents
(Schmookler, 1953; Dubuisson and Kabla, 1999; Guellec, 2003). This evaluation
method applies both at the company level and to its environment. Patent counting
allows for measuring the effectiveness of inventive activity, reflecting the research
effort leading to technological advancements.

However, this method has several limitations:

e The patent only covers a part of the trajectory between R&D and innovation.

e It ignores the efforts made in areas such as production, marketing, and
development.

e Only patentable technological inventions are taken into account, excluding other
forms of innovation.

e Asignificant proportion of inventions are neither patented nor patentable.

e Some patents remain unused while others protect multiple innovations.

e Patents can vary in value, but no distinction is made between their relative
importance.

e Patent behaviour differs across sectors, countries, and company sizes.

Despite these shortcomings, patent counting remains a commonly used indicator for
assessing the inventive performance of companies in terms of innovative technologies
or products (Griliches, 1990). An alternative is to analyze patent citations, a method
increasingly utilized by researchers, particularly in economics (Hagedoorn and Cloodt,
2003). Unlike simple counting, citations measure the quality of a patent through its
technological impact.

However, this method has its skeptics, as it requires a deep understanding of the
research reports associated with the cited patents. Consequently, Guellec (2003)
considers patents to be an imperfect measure of outcomes. Crepon et al. (2000)
suggest adding indicators such as the percentage of sales from new products (less than
five years), providing a more comprehensive view that includes improvements and
imitations.

Other indicators include bibliometric statistics, articles in professional journals, and
data on technological exchanges. Registered trademarks and designs, while relevant,
are sometimes criticized for measuring inputs or indirect outcomes rather than the
innovation activity itself (Jensen and Webster, 2004).
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Furthermore, other qualitative approaches exist, such as specialized assessments by
experts or surveys of managers, which provide a more detailed perspective but present
challenges in implementation and comparability.

More integrated methods, such as those proposed by Tomola (2002), examine the
impacts of innovation on its environment through several specific indicators, inspired
by risk analysis principles (FMEA). These approaches, while useful, also suffer from
limitations, particularly in terms of the reliability and subjectivity of the indicators.

In conclusion, although numerous efforts have been made to measure the outcomes
of innovation, these methods often focus on specific aspects, neglecting the inputs and
underlying processes. This complicates the analysis of the links between resources,
activities, and outcomes, thus requiring more comprehensive and integrated
approaches.

8.4. Cross-evaluation

Some approaches aim not only to evaluate an isolated phase of the innovation process
(inputs, activities, outcomes) but also seek to integrate multiple stages coherently.

For example, (Chiou et al., 1999) developed a method called Technology Oriented
Productivity Measurement Model (TOPMM), which allows for the assessment of both
the effectiveness and efficiency of technological development processes. This model
analyzes the relationships between input and output criteria, thereby providing an
integrated perspective on technological productivity.

The entry criteria include:

* Development costs,

* Labor expenses,

e Material investments,

e Capital expenditures,

e Energy costs,

* Expenses for computer and robotic equipment,
e Training expenses,

* And other technological or administrative expenses.

50



CHAPTER | / CONCEPTUAL & THEORETICAL PART

As for the exit criteria, they include:

* Research and Development (R&D): innovations, prototypes, scientific publications,
patents, etc.,

* Engineering: technical performances, advanced prototypes, technical drawings, etc.,
* Production: intermediate or finished products, associated results,

e Marketing: market studies, generated revenues,

e Finance: financial reports and analyses,

e Human resources management: training, number of employees, hours worked.

e This model, while useful, remains complex to implement, hence the authors'
suggestion to integrate it into the company's information systems.

On the other hand, Hagedoorn and Cloodt (2003) propose an evaluation based on
several indicators such as R&D inputs, patents, their citations, and innovative products.
This composite approach addresses the limitations of isolated indicators by providing
a more comprehensive and accurate measure of innovation performance.

The authors use Venn diagrams to illustrate the relationships between these indicators
and to determine when it would be relevant to use a single indicator or a combination.
For example, a strong overlap between indicators allows for focusing on one, while a
weak overlap necessitates a detailed analysis of each indicator. Studies conducted on
a panel of 1200 high-tech companies show a homogeneity of results across sectors and
countries, validating the multi-indicator approach for these specific industries.
However, this method remains to be tested in other sectors, particularly services, to
confirm its relevance.

Finally, surveys such as the Community Innovation Survey (CIS), initiated in the 1990s
by Eurostat, have enabled the measurement of innovation in companies through
internationally comparable indicators. These surveys, based on the Oslo Manual,
provide essential data for formulating appropriate innovation policies. They notably
reveal that innovative companies often outperform their counterparts in terms of
productivity and profitability. In the United States, a recent government initiative aims
to develop a more precise metric for innovation. According to Walters (2007), this
project relies on expert consultation to develop a measurement system validated by
the public, allowing policymakers to access consensual and reliable data.

Current evaluative approaches, although effective, have shortcomings. Composite
methods provide a richer overview but sometimes suffer from a lack of clarity or
international comparability. Additional efforts are needed to refine these tools and
adapt them to diverse sectors.

51



%Wm T



CHAPTER Il / PRESENTATION OF THE STUDY AREA & THE WORK METHODOLOGY

|. EIl Oued Region

El Oued, nestled in the vast expanses of the great eastern Erg of the desert, stands out
for its exceptional landscape and geographical richness. Indeed, it is positioned in the
heart of the northern Sahara, of which it is an integral part. This region, known for its
arid climate and high temperatures, nevertheless possesses a unique beauty due to
the dominant presence of the sandy dune chain that characterizes it
(Mokhnane et al., 2023).

These dunes, formed by wind erosion over the centuries, take on varied shapes and
are in perpetual transformation, offering a striking spectacle to visitors and residents
alike. The grains of sand, often of a brilliant golden hue, play with the sunlight, creating
an impressive interplay of shadows and reflections, thus attracting desert landscape
enthusiasts (Ould Rebai et al., 2017).

The Eastern Erg, which extends over several kilometers, is also the site of surprising
biodiversity despite extreme climatic conditions. Furthermore, El Oued has oases that,
although relatively rare in this arid expanse, provide vital water points and support
plant and animal life. These fertile areas, with their lush palm groves, strongly contrast
with the surrounding desert and allow for the development of adaptive agricultural
activities, such as date cultivation, which is a flagship product of the region.

Thus, El Oued is much more than just a simple portion of desert; it represents a
fascinating ecosystem, a rich culture, and a natural heritage to be preserved, while
attracting the curious eager to discover the mysteries and beauty of the northern
Sahara and its enchanting landscapes.
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[.1. Climate

El Qued is distinguished by a hyper-arid climate, characterized by exceptional drought
and a nearly total absence of precipitation for the majority of the year. The average
annual temperature is relatively high, around 22 °C, making it one of the hottest
regions in the country. Summers are particularly scorching, with temperatures
reaching extremely high levels, while winters are generally mild and dry
(Mokhnane et al., 2023).

Average annual precipitation is extremely low, amounting to only 78 mm according to
data from the National Meteorological Office (ONM) in 2012. This low rainfall is
attributed to the geographical situation of the region, which is exposed to dry and hot
winds from the Sahara Desert. Precipitation is rare and often violent, taking the form
of sandstorms or torrential rains that can cause sudden flooding. The scarcity of
precipitation and the persistent drought have a significant impact on the environment
and human activities in El Oued, necessitating adaptation measures and water
resource management to cope with these extreme climatic conditions.

[.2. Water Reserve

The region benefits from a considerable underground water reserve, which is essential
not only for water supply but also for the sustainable development of its agricultural,
industrial, and domestic activities. This resource consists of three distinct aquifers: a
free aquifer, which allows groundwater to flow freely, and two confined aquifers,
namely the terminal complex and the intercalary continental. Each of these aquifers
has its own hydrogeological, recharge, and sustainability characteristics, contributing
to the diversity of the water resource in the region (Ould Rebai et al., 2017).

Although the desert aquifer is classified as a non-renewable resource due to its slow
recharge rate, the analysis of the current extraction rate indicates that this aquifer can
still meet water needs for a period exceeding 2000 years, provided that management
and extraction practices remain cautious and responsible. These figures reflect a
proactive approach to resource management, where strategic measures are
implemented to ensure efficient and balanced use of this valuable resource (Bessaoud
et al.,, 2019).
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This scenario brilliantly illustrates an example of responsible and sustainable long-
term management, highlighting the importance of human planning and intervention
in maintaining the integrity of water resources. Indeed, the adequate conservation of
groundwater and awareness of sustainable irrigation techniques, coupled with
constant monitoring of the quality and quantity of extracted water, are essential
elements to ensure that future generations can also benefit from this vital resource.
Furthermore, it is important to emphasize that this approach is part of an
environmental governance framework aimed at promoting a fair and equitable use of
water while protecting the surrounding ecosystems that depend on these aquifers.

[.3. Population

El Oued has a population of 716,905 inhabitants. This figure reflects a dynamic
settlement, of which a significant portion, namely 441,915 individuals, constitutes the
active population. This active population is crucial for the economic development of
the region, as it represents an important pool of available human resources for the
labor market (Mokhnane et al., 2023).

Within this active population, approximately 292,500 workers are actually engaged in
various professional activities. The agricultural sector, which plays a vital role in the
local and national economy, employs around 130,800 individuals. This figure
highlights the vitality of agriculture in the EI Oued region, where niche agriculture,
particularly date cultivation, is notably represented (Mokhnane et al., 2023).

From a structural perspective, it is interesting to note that among these agricultural
workers, a significant proportion of 62% consists of permanent workers. This not only
indicates a certain stability in agricultural jobs but also a long-term commitment to
the sector, which is crucial for ensuring the sustainability of agricultural activity and
strengthening local capacities. This highlights the importance of agriculture as a
supporting sector for the economic life of the region, while raising questions about
the challenges faced by seasonal workers and fluctuations in the agricultural market.
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I.4. Agricultural Sector

El Oued has transformed into a true agricultural hub in recent years, thereby
consolidating its essential role in the quest for food self-sufficiency in Algeria. This
region is distinguished by the great diversity of its agricultural productions, which not
only meet local needs but also contribute to the national economy. Indeed, according
to recent data, El Oued ranks first nationally in agricultural production. Among the
emblematic crops of the region, the potato holds a predominant position, with a
production reaching 1.1 million tons in 2014. This figure already represented 35% of
the total production of the country, generating an estimated turnover of around 360
million euros in 2017 (Ould Rebai et al., 2017).

Today, EI Oued positions itself as the main supplier of potatoes in the country,
controlling approximately 40% of the national market, which reflects its strategic
importance for food security and the Algerian economy (Djouhri et al., 2023).

In parallel, the region is also distinguished by the cultivation of tomatoes, peanuts,
and tobacco, all of which are agricultural products that play a crucial role in the local
economy. These crops not only diversify the agricultural economy of El Oued but also
meet the growing demand in national and international markets. The region has
managed to develop innovative and sustainable agricultural techniques, thereby
promoting high-quality production that has enabled these achievements.

Furthermore, El Oued is not limited to these flagship products. The region also ranks
second nationally in date production, a fruit that holds considerable cultural and
economic significance in the country. The dates from El Oued, renowned for their
quality, are highly sought after in both local and international markets. In summary,
the versatility of the crops, combined with advanced agricultural practices, makes this
region an essential player in the Algerian agricultural Ilandscape
(Mokhnane et al., 2023).

The agricultural sector of the province has experienced rapid and significant expansion
in recent years, resulting in a striking increase in cultivated area, production volume,
and the value of agricultural products. This growth dynamic is particularly notable,
with an annual growth rate exceeding 7.47%. This impressive figure reflects not only
the effectiveness of agricultural practices but also the investments made in this field,
aimed at modernizing infrastructure and adopting innovative technologies
(Mokhnane et al., 2023).
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The total value of agricultural production in this region has been estimated at 191.2
billion Algerian dinars (DZD), highlighting the strategic importance of this sector for
the local economy. Representing 6.4% of the gross domestic product (GDP) of the
wilaya, agriculture stands as a fundamental pillar of economic development, playing a
crucial role in job creation and the stability of rural populations' incomes
(Mokhnane et al., 2023).

Furthermore, this agricultural sector occupies a prime position within the regional
economy, ranking second globally in terms of total quantity and diversity of available
agricultural products. This performance is the result of a combination of favorable
factors, such as conducive climatic conditions, a rich diversity of soils, and an
increasingly skilled workforce. The varied crops, ranging from cereals to fruits and
vegetables, as well as livestock, contribute to enriching the local supply while meeting
the food needs of the population (Djouhri et al., 2023).

Furthermore, this growth is not limited solely to quantitative increases but also
includes a qualitative aspect, with increased attention paid to sustainability and
environmental preservation. Industry stakeholders are implementing sustainable
agricultural practices to ensure that this growth dynamic is both beneficial for the
economy and respectful of natural resources. In this constantly evolving landscape,
the future prospects for the agricultural sector of the region appear promising, with a
still largely untapped potential to enhance its contribution to the regional and national
economy.
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I.5. Agricultural History

Since the 2000s, the El Oued region has experienced significant and rapid growth in
the agricultural sector, characterized by a considerable expansion of agricultural
activities. This agricultural dynamic is primarily due to the development of open-field
vegetable crops, which has allowed farmers in the region to diversify their productions
and increase their productivity (Ouendeno, 2019).

The beginning of the rise of field vegetable crops was marked by the development of
the potato, which has become one of the most profitable and sought-after crops in
the region. The lands of the El Oued region, which were once primarily intended for
the cultivation of cereals and other food crops, have gradually been converted into
fallow land for potato production. This conversion has allowed farmers to benefit from
the advantages of irrigation and improved cultivation techniques, which have
significantly increased potato productivity in the region.

Alongside the rise of the potato, the tomato has also been cultivated in open fields.
These vegetable crops have been focused on privatized lands, which have been
allocated to private farmers by the Algerian government. This privatization has
allowed farmers to manage their lands more flexibly and to benefit from the subsidies
and tax advantages offered by the state for vegetable crops (Ould Rebai et al., 2017).

The rapid growth of field vegetable crops has contributed to the increasing
involvement of the El Oued region in the Algerian and international markets. The
production of potatoes and tomatoes has enabled farmers in the region to gain
profitability and competitiveness, which has contributed to the increase in wealth and
prosperity of the region (Ould Rebai et al., 2017).
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|.6. The Agricultural Evolution of El Oued

The emergence and expansion of agriculture in the El Oued region are closely linked
to the dissemination of the pivot irrigation technique, an innovative method that has
transformed agricultural practices in many arid and semi-arid regions. This technique,
which relies on the use of large rotating equipment to ensure uniform water
distribution over vast areas, originated in the United States of America, where it was
developed to maximize the productivity of arable land in areas with limited water
resources (Jeder et al., 2013).

The pivot irrigation was subsequently adopted and adapted in the context of the
Middle East and North Africa, supported by large state programs aimed at
modernizing agriculture and improving food security in these regions. These initiatives
often included massive investments in hydraulic infrastructure, training farmers in
modern water management techniques, as well as financial incentives to encourage
the adoption of these new practices (Benmihoub, 2015).

The implementation of this technique has not only increased the cultivated area but
has also promoted the diversification of crops, allowing farmers to transition from
subsistence farming to more market-oriented production. Thanks to pivot irrigation,
high value-added crops, such as fruits and vegetables, have been introduced, thereby
increasing farmers' income and stimulating the local economy.

Furthermore, pivot irrigation contributes to a more efficient management of water, a
crucial issue in a region where water resources are limited. This technique reduces
water loss through evaporation and promotes a more targeted and controlled use,
thereby optimizing yields while preserving water resources (Benmihoub, 2015).

Starting from the 1970s/1980s, a significant transformation began in the agricultural
sector, characterized by a shift towards artisanal pivot irrigation, which gained
popularity due to its advantages in efficiency and sustainability. According to research
conducted by Bisson in 2003, these irrigation systems, designed and manufactured
locally, were specifically developed to adapt to the realities of the region's farms. In
general, this equipment aims to irrigate an average area of about one hectare, thereby
allowing farmers to optimize water use and improve crop productivity.

This transition to a mode of irrigation more suited to local conditions has had a
considerable impact on cultivated and irrigated areas. Indeed, the statistical data
provided by the Ministry of Agriculture shows that within a few years, the area utilized
by this type of irrigation experienced remarkable expansion, increasing from 800
hectares in 2000 to 35,000 hectares in 2013. This impressive progression illustrates an
exponential growth of approximately 4,300% in less than 15 years, highlighting the
importance of this reform in the agricultural landscape (Ould Rebai et al., 2017).
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This boom in the adoption of artisanal pivot irrigation is not limited solely to an
increase in irrigated areas. It also reflects a paradigm shift in cultivation methods,
promoting more sustainable and environmentally friendly practices. This has also
enabled farmers to diversify their productions and strengthen their resilience against
the harsh climatic uncertainties of the Sahara.

The ambition behind the integration of irrigated pivots was to transform agriculture
in the twenty-first century by modernizing it and increasing its productivity, with a
particular focus on cereal farming. The aim was to respond effectively and sustainably
to the growing food needs of developing countries, where population pressure and
demand for food continue to increase exponentially. Irrigated pivots, through their
ability to ensure a regular and controlled supply of water over large areas, were seen
as a promising technical solution to improve agricultural yields, reduce the risks
associated with climatic variations and maximize cultivated areas. (Ould Rebai et al.,
2017).

However, the implementation of these pivot systems has been largely hampered by a
series of significant failures, particularly in Algeria, where the expected results have
not been achieved. The reasons for these failures are multiple and complex. On the
technical side, the infrastructure required for the installation and maintenance of
pivots has often proven to be insufficient or inadequate, leading to breakdowns and
high maintenance costs. From an agronomic point of view, challenges such as adapting
cultivation methods and sustainable soil management also played a crucial role. For
example, the intensive monoculture promoted by this approach may have led to soil
degradation and a decrease in biodiversity, thus compromising the long-term
sustainability of farms.

Socio-economic factors have also contributed to the difficulty of integrating the pivots.
Local farmers, often lacking the financial and technical resources to adapt to these
new farming methods, have encountered cultural resistance and concerns about their
ability to manage such intensive cropping systems. In addition, unequal access to
water and tensions over this precious resource in many regions have exacerbated the
difficulties encountered, highlighting the need for a more integrated and locally
sensitive approach to succeed in modernizing agriculture. Thus, although the concept
of irrigated pivots is a source of hope for the future of agriculture, its implementation
is subject to considerable challenges that require sustained attention and solutions
adapted to the specific realities of each country.
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During the 1980s, the region was at the heart of a large state program dedicated to
cereal farming, with particular emphasis on pivot irrigation. These pivots, which
extended over impressive lengths of 350 to 400 meters, were designed to irrigate
agricultural land ranging from 39 to 50 hectares. This technical innovation was aimed
at modernizing agricultural practices and increasing crop productivity. However, the
high cost of this technology posed a major challenge, often proving to be unsuited to
the objectives and technical capacities of local farmers, who lacked sufficient financial
resources and training to use this equipment optimally (Benmihoub, 2015).

Despite these challenges, the appearance of potatoes on the agricultural market,
introduced in 1987 by the National Office of Fruits and Vegetables of El Oued, has
aroused great interest among farmers in the region. This crop quickly gained
popularity thanks to the very promising yields it offered, ranging from 30 to 40 tons
per hectare. These encouraging results have not only attracted the attention of
farmers, but have also generated a collective momentum to diversify agricultural
practices and improve food security in the region. Thus, while the pivot irrigation
program was encountering difficulties, the introduction of potatoes illustrates the
importance of innovation and adaptation to the realities of the field for local
agricultural development (Benmihoub, 2015).

Thanks to particularly favourable climatic conditions during the winter season, the
region benefits from an extended growing season, allowing farmers to produce crops
in the late season. This ability to harvest fresh produce at times when market
competition is reduced gives a real competitive advantage in the national market
(Benmihoub., 2015).

During the 1990s, a notable failure of state programs in the agricultural sector
prompted local artisans to rethink their approach to irrigation. They have thus
developed a handcrafted pivot system, of more modest dimensions, measuring
between 25 and 50 meters in length. This type of installation makes it possible to
irrigate relatively small plots, ranging from 0.5 to 1 hectare, making irrigation more
accessible and adaptable to the needs of local farmers. This innovation has not only
improved irrigation efficiency, but it has also led to a significant expansion of the area
dedicated to potato cultivation in the region. As a result, this increase in production
has contributed to a local economic boom, while also meeting the growing market
demand for this essential food product (Ould Rebai et al., 2017).
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|.7. Economic and Social Analysis of the Agricultural Evolution of El Oued

Local initiative and resilience in the face of public policy challenges have enabled a
new dynamic in the agricultural sector, where farmers have been able to adapt quickly
to optimize their production while relying on innovative and sustainable irrigation
techniques. This transformation is a testament to the ability of local actors to take
advantage of available resources, even in times of economic difficulty, and to assert
their place in the market as competitive producers.

This new dynamic has had a significant impact on local economies, not only providing
income to local people, but also promoting job creation on farms. Indeed, this
development has led to the emergence of various employment opportunities, both
for seasonal workers and permanent employees, thus contributing to the reduction of
unemployment and the improvement of living conditions in rural communities.

In addition, this dynamic has given rise to a dense and interconnected network of
services and supplies, which brings together a plurality of actors, ranging from farmers
to suppliers of agricultural equipment, processing companies and distributors. This
diversification of economic actors has not only strengthened the resilience of local
agricultural systems, but has also introduced a synergy that is conducive to innovation
and the improvement of agricultural practices.

The sequence of interventions within this network has made it possible to create
various synergies, where each actor plays a key role in the agri-food value chain. For
example, farmers can access technical training from experts, which helps them adopt
new farming methods or better manage their farms. Thus, cooperation between the
various stakeholders promotes the sharing of knowledge and the transfer of skills,
strengthening not only the productivity of farms, but also the quality of products.

An in-depth analysis of the emergence, then the design and dissemination of the
artisanal pivot in the Wilaya of El Qued reveals a complex and multifaceted
phenomenon, marked by the interaction of a dense network of craftsmen and traders
who maintain close relations with local farmers. This process has highlighted the
transition from a model of the great pivot, initially imported and widely promoted by
the State, to an artisanal pivot, which is both economical, robust and adapted to the
specificities of the cultural choices of local producers as well as to the conditions of
exhaustion imposed by the difficult environment of the Sahara.

This transformation is not only limited to a material change, but also represents a
dynamic of appropriation and local innovation, echoing the work of Akrich et al. (1988)
who emphasize in a general way that "To adopt an innovation is to adapt it; it needs
to be transformed, modified according to the site where it is implemented". In this
respect, this perspective highlights the crucial importance of the local context in the
success of innovation.
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In addition, Stewart (2007) highlights the role of local artisans as key players in this
process of adapting new technologies. Their practical expertise and knowledge of local
realities allow them to significantly influence potential users of innovation, facilitating
the integration of these technologies into agricultural practices. They act as
intermediaries, enriching the transfer of knowledge and adaptations necessary for
these technological innovations to be truly functional and accepted by the community.

According to Sgrensen (2006), it is essential to note that "most technologies involve
the construction of collective repertoires and frames of reference for action and
meaning". This collective dimension underlines the importance of social interactions
and shared representations in the design and use of these handcrafted pivots. Thus,
the success of the integration of these new technologies is not only a question of
engineering or cost, but also a question of social adhesion and rootedness in already
existing cultural and agricultural practices. In this context, the emergence of the
artisanal pivot in the Wilaya of El Oued is part of a dynamic of open and collaborative
innovation that enriches not only the economic landscape, but also the social fabric of
the region.

This knowledge encompasses not only a thorough understanding of the dynamic
functioning of the region, but also a detailed assessment of the "potential market" of
the innovations underway. In reality, these local artisans have an intimate knowledge
of local production systems, as well as the specific expectations and varied behavior
of the different farmers with whom they interact regularly. This frequent interaction
allows them to take into account the realities on the ground and the specific needs of
farmers, which can vary depending on the types of crop, climatic conditions and
available infrastructure. In addition, these craftsmen do not hesitate to adjust the
design of the equipment they manufacture in real time, taking into account their
customers' feedback to improve the functionality and durability of the products.

As far as the distribution of their equipment is concerned, they implement flexible
strategies adapted to the constraints of the farmers. This includes services such as on-
site relocation and assembly, ensuring that the equipment is properly installed and
operational upon arrival. In addition, they adopt mass production methods whenever
possible, making it possible to quickly meet growing demand while maintaining
uniform quality. To make their products accessible to a wider range of farmers, some
artisans also offer credit sales options. This makes it easier to acquire expensive
equipment for those who might otherwise be hesitant due to financial constraints.
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They don't just sell equipment; They also provide attentive after-sales service and
efficient repair, ensuring the continued satisfaction of their customers and
strengthening their relationship of trust with them. This integrated, customer-centric
approach not only ensures the sustainability of their business, but also contributes to
the growth of innovation in the region.

In the framework of our study, we have chosen to explore how an entry through the
innovation process can offer an enriching perspective on a dense and complex
network of actors, made up of traders and craftsmen. They play varied and
interconnected roles at different levels of the business cycle: from the import and
distribution of parts and equipment to the manufacture and assembly of components.
Without neglecting the crucial stages of assembly, installation and after-sales service,
each player contributes to creating an integrated value chain essential for the proper
functioning of the whole.

The in-depth analysis of socio-technical networks, when combined with a meticulous
monitoring of the practices and narratives of the actors involved, has made it possible
to "make invisible social relations visible" (Cross et al., 2002). This approach highlights
the complexity of existing social ties and underlines the diversity of socio-technical
dynamics that intervene throughout the innovation process. Indeed, this process is
not linear and is influenced by multiple interactions between different economic
agents (Mahdi, 1993); Thus, it becomes crucial to examine the ramifications of these
relationships to better understand how innovations emerge and spread. In addition,
this analysis helps us to identify the factors that can promote or hinder innovation,
while revealing the often underestimated or invisibilized roles of certain actors within
this interconnected web (Bouzidi et al., 2011). Ultimately, this socio-technical
approach makes it possible to understand the richness of human interactions mixed
with technologies, thus offering a nuanced vision of innovation environments.
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Il. Work Methodology
[1.1. Aim of Study

To conduct a thorough scientific analysis of the phenomenon of continuous innovative
dynamics that we have observed, it is crucial to understand how this dynamic is
adopted by the people of the region. With this in mind, our study will focus on several
important dimensions. First, we will examine the level of diffusion of innovations
through a rigorous methodology, aimed at quantifying the extent to which these
innovations are integrated into local agricultural practices.

At the same time, we will look at the contribution rate of the different actors in the
field, who play a decisive role in facilitating farmers' access to innovations. This
includes identifying intermediaries, such as cooperatives, non-governmental
organizations, as well as research and development institutions that support farmers
in adopting new practices and technologies. Through questionnaires and interviews,
we will try to identify the strategies put in place by these actors to promote
innovation.

We will also look at the mechanisms of diffusion of innovations, looking at the ways in
which new ideas and technologies circulate among farmers: for example, how is
information shared within communities, which communication channels are most
effective, and what barriers might hinder this diffusion? We will also analyze the
impact of social networks and farmer partnerships in this process.

The aim of our research is to achieve an overview of the innovation dynamics in the
region, assessing not only its current state, but also the prospects for future
development. To do this, we have carried out surveys with three types of professional
actors in the field, which will allow us to obtain a varied and nuanced view of the
situation. These actors include farmers themselves, representatives of cooperatives,
as well as experts in agricultural innovation. This multi-stakeholder approach is key to
identifying different perceptions and practices, and to formulate concrete
recommendations that could further support and stimulate innovative momentum in
the region.
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[1.2. Sample size and details

We have undertaken in-depth investigations involving three types of major actors on
the ground who play a critical role in the agricultural sector. To do this, we have
constituted a strategic sample that includes 20 administrative agents, 35 associations,
18 cooperatives, 43 agricultural input sellers and 34 craftsmen. This diverse sample
was selected in order to gather accurate and diverse information on the key factors
influencing the dynamics of agricultural innovation in the region. By integrating the
contributions of these different actors, we aim to highlight their respective
perspectives and experiences, which will allow us to understand the multiple
dimensions that shape the agricultural world.

The analysis of the statements and feedback from these actors will inform us not only
about the obstacles and opportunities encountered in the innovation process, but also
about the mechanisms for the dissemination of agricultural innovations. Thanks to this
collection of information, we will be able to draw up an accurate and nuanced
overview of the local agricultural ecosystem, revealing the complex interactions
between the different actors and the trends that emerge within this environment. This
will provide a solid basis for better understanding agricultural development in the
region, highlighting collaborative dynamics as well as innovative practices that can
contribute to the sustainability and competitiveness of the sector.
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[1.3. Description of the information collection instrument (Interview Support -
Questionnaire)

The present study implemented a rigorous approach to collect information on all the
communes of the wilaya of El Oued. To ensure the quality and reliability of the data
collected, a specific interview guide was designed taking into account the cultural and
linguistic diversity of the region. This interview guide has been designed in such a way
as to be accessible and understandable for all stakeholders, using the Arabic language
with a local dialect, which is the mother tongue of the inhabitants of the Region.

This choice of language helped to strengthen the credibility and credibility of the
research, ensuring optimal understanding and participation of the interviewees. By
using the Arabic language to the local dialect, we were able to gather more accurate
and detailed information, as the interviewees were able to express their thoughts and
opinions in a freer and more authentic way. In addition, the design of this interview
guide required a multidisciplinary approach, involving social scientists, linguists and
anthropologists, to ensure that the guide is relevant, effective and adaptable to the
reality on the ground.

The interview guide was then implemented for each group in our sample, taking into
account the particularity of each group and its specific needs. This has made it possible
to collect more precise and diversified information, which faithfully reflects the reality
of the municipalities of the wilaya of El Oued. Finally, the implementation of this
interview guide required a great deal of flexibility and adaptability, to meet the
specific needs and constraints of the interviewees and the field.

The methodology used for the implementation of this interview guide has been
carefully studied to ensure that the information collected is reliable and
representative of the target population. The questions were carefully worded to be
clear and easy to understand, and respondents were encouraged to express their
opinions and thoughts freely and spontaneously
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Figure 01: Interview guides used for data collection (Mehda, 2024)

II.4. Method used during the interview

The interviews were conducted directly with the participants, with a focus on face-to-
face interactions, which resulted in data that was not only accurate, but also rich in
detail. This direct approach fostered an environment conducive to authentic
exchanges, as it allowed participants to feel more comfortable and confident. Indeed,
human contact plays a crucial role in the quality of the answers obtained, as it reduces
the anxiety often associated with evaluation or questioning situations. As a result,
participants were able to share their opinions, feelings, and experiences without the
barrier of physical distance or anonymity, which encouraged a more spontaneous and
nuanced expression of their views. In addition, this method allowed the researchers
to observe nonverbal cues, such as body language and facial expressions, which bring
additional depth to the understanding of the answers provided. The face-to-face
interaction also fosters a dynamic of dialogue where participants can ask questions
and clarifications, making the investigation process even more interactive and
engaging. In sum, this method of data collection is proving to be particularly effective
in capturing not only the essence of the opinions expressed, but also the underlying
emotions and beliefs that motivate them.
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Figure 02: The researcher at a participant's workplace (Mehda, 2024)

[I.5. Data Collection Period

The data collection took a place from April 2022 to April 2024, ensuring a
comprehensive and thorough analysis of the information collected. In order to ensure
the quality and relevance of the data, the researcher deployed all available means to
visit personally the workplace of each participant. This methodological choice aimed
to establish a direct and authentic connection with the participants, thus promoting a
richer and more meaningful interaction. The researcher had to show great flexibility
and rigorous organization by taking into account the busy schedules of the
participants, often marked by time constraints and unforeseen professional events.
To do this, prior contacts were made, making it possible to establish appointments
adapted to the daily reality of each person, while ensuring their availability. In
addition, these field visits were carefully planned, taking into account not only the
personal preferences of the participants, but also the dynamics of their working
environment.
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This approach has fostered a more relaxed and open environment for frank and
enriching exchanges. It also made it possible to directly observe work practices and
interactions within the teams, which greatly contributed to the richness of the data
collected. The researcher was thus able to collect first-hand testimonies and observe
specific situations that might otherwise have gone unnoticed in questionnaire surveys
or remote interviews.

The data collection period was characterized by a deep commitment and a willingness
to immerse the researcher in the participants' work context to enhance data quality
and ensure its reliability.

Figure 03: The rsearcher ith a participant during te interview (Mehda, 2023)

[1.6. Analysis and interpretation of collected data

The data was carefully collected and analyzed using two well-known tools, namely the
IBM SPSS program (Version 25) and Microsoft Excel (Version 2013). Their advanced
features and their ability to process large amounts of information motivated the
choice of these tools efficiently and accurately.

The SPSS software was specially used for the inventory and data manipulation, thus
allowing the information to be managed in a systematic and orderly manner. With its
multiple features, SPSS offered a robust framework for performing in-depth statistical
analysis. His data processing tools, such as statistical testing, analysis of variance, and
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regression, have made it possible to analyze the relationships between different
variables and to highlight significant trends within the data. In addition, SPSS also
makes it easy to detect outliers and inconsistencies, ensuring the integrity of the
results.

At the same time, Microsoft Excel played a key complementary role. Used for the
presentation of data in the form of tables and graphs, Excel made it possible to
visualize the information in a user-friendly and intuitive way. This visualization is
crucial for a better understanding of the results, as it transforms complex datasets into
more accessible and understandable formats. In addition, Excel was used to perform
basic analyses, such as calculations of means, medians, and standard deviations, which
helped to deepen the interpretation of the data. This approach allowed for simple but
effective comparisons, providing preliminary insights that facilitated the identification
of patterns or behaviors within the data.
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Figure 04: Software used for data analysis
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1. The main drivers of innovation in the El Oued region

According to the survey results (Shown in Figure N°05), a clear majority of participants,
71.4%, consider that farmers play a leading role as drivers of innovation in the
agricultural sector in the wilaya of El Oued. This perception is significant because it
highlights the vital link between the work of farmers and the evolution of agricultural
practices and technologies, which are essential for the yields and sustainability of
farms. However, the respondents do not stop there: they also attribute an important
place to sellers of agricultural inputs, who are recognized as an innovative force.
Indeed, 48.2% of participants believe that these actors, by providing suitable products
and services, contribute significantly to the growth of innovations in the field. In
addition, a significant proportion of respondents, 62.5%, emphasize the crucial role of
artisan manufacturers, more commonly known as "Haddadi", in this dynamic of
regional innovation. These artisans, through their expertise and creativity, enrich the
agricultural landscape by offering adapted and often locally inspired solutions.

In addition, the contributions of rural communities and the various actors involved in
the agricultural sector are perceived as a fundamental element of innovative
dynamism in the region. This opinion shared by 71.4% of respondents, who recognize
that commitment and initiatives within these communities are crucial in fostering an
atmosphere conducive to innovation.

It is also essential to consider the role of the market, both in terms of supply and
demand. According to 51.8% of respondents, the market is a determining factor in the
adoption and diffusion of innovations within the agricultural sector in El Oued. This
market dynamic directly influences the decisions of farmers and economic actors,
encouraging them to adopt new practices and technologies in response to consumer
expectations and needs. Thus, the interaction between all these actors creates a
fertile ecosystem for innovation, where each element plays a complementary role in
the evolution of the agricultural sector.

73



CHAPTER 11l / RESULTS & DISCUSSIONS

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00% P

0.00%

o x o <3 &) =]
pX o §e ((\ca, ,\0(\ \\q‘,\ _\O(\
L £ 5 o @ x>
@ & 2 RS < o~
& e & =5 N
0((\ < <<\\) &Q\} \\Q‘
> o AN &
Q~® ’E;\\{_ &_‘g‘\ *(\a
« S &
& @
e bo““

Figure 05: The main drivers of Innovations in El Oued Region.

The craftsmen were not particularly inclined to answer this question, emphasizing that
they are often the originators of innovative ideas and that they have in-depth
knowledge of the field, being in permanent contact with farmers. This direct and
constant relationship allows them to better identify the real needs and challenges
faced by producers. In a survey conducted, 23.1% of participants stated that craftsmen
are the main driver of innovation in the agricultural sector in El Qued. This statement
is all the more significant as it reflects the privileged position of these artisans within
the local agricultural ecosystem.

Next come farmers, with 15.4% of the votes, who, although they are the practitioners
of agriculture, are relegated to a secondary role in terms of innovation. At the same
time, social mentality also seems to play a role, also collecting 15.4% of opinions,
which underlines the importance of cultural beliefs and perceptions in the
development and adoption of new agricultural practices. After that, wholesalers from
outside the region and agricultural engineers are cited, each with a rate of 7.7%, which
illustrates their marginal influence in the innovation process on the ground, despite
their technical skills and theoretical knowledge. Finally, in last position, we find
agricultural input traders. The survey participants justify their low impact by arguing
that they are generally content to follow production without innovating, often
increasing production costs for the benefit of their own profit margin. Their main
interest seems to focus on maximizing profits, leaving little room for a significant
contribution to improving agricultural practices. This raises questions about the
dynamics of collaboration between different players in the sector, as well as the need
for a more integrative approach to foster innovation and respond to contemporary
agricultural challenges.
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2. The factors that influence the decision of innovation adoption
among farmers.

The respondents assessed the influence of the following factors on the decision to
adopt an innovation in the agricultural sector:

Table 01: Factors influencing the decision to adopt an innovation among farmers
according to professional agents.

Percentage of
respondants
73.2% Very Influential
21.4% Influential
34.5% Very Influential
Risk 2.45(1.463) 3 26.8% Quite influential
16.1% Influential
58.9% Very Influential
30.4% Influential
37.5% Influential

Availability 2.55(1.278) 5 25% Very Influential
16.1% Quite influential
60.7% Very Influential

Factors Mean (SD) Median

Cost 3.63 (0.752) 4

Benefit 3.51(0.663) 4

Necessity 3.57(0.568) 4 35.7% Influential
Time of 48.2% Influential
3(0.923 3
appearance ( ) 30.4% Very Influential
1.8% Very Infl ial
Field observation 3.39(0.705) 4 >1.8% Very Influentia

35.7% Influential
50% Influential
2.8(0.931) 3 21.8% Quite influential

Professional

experience 19.6% Very Influential
Knowledge .
o 39.3% Influential
acqu'friee(i;n the 2.47(1.016) 3 35.7% Quite influential

48.2% Very Influential
37.5% Influential

Financial capacity 3.25(0.919) 3

The table presents in detail the various factors that influence farmers’ adoption of
innovations, while drawing on the perspective of professional agents directly involved
in the field. The results of this analysis highlight the crucial importance of costs,
potential benefits and the perceived necessity of an innovation in farmers’ decision-
making. It is clear that economic factors play a primary role in their choice, suggesting
that farmers first assess the financial implications of adopting a new technology or
method.
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In addition, the necessity often arises from specific production, sustainability or
competitive needs, reinforcing the idea that decision-makers must consider not only
the immediate benefits of an innovation, but also its adequacy with local contexts and
market realities.

However, it is interesting to note that other factors such as the risk associated with
adoption and the availability of innovations seem to exert a relatively lesser influence
on the decision to adopt. This phenomenon could be explained by farmers’ increased
sensitivity to uncertainty: they generally show a rather low risk tolerance, preferring
options that are perceived as involving a low level of risk or that promise substantial
rewards. This behavior indicates a certain prudence, where farmers prefer to adopt
innovations that offer a guarantee of proven success, rather than engage in risky
experiments. Thus, by analyzing these dynamics, it is possible to better understand
the practical realities faced by farmers, while shedding light on the ways in which
professional agents can support a wider and more effective adoption of innovations

According to the statements of professional actors in the agricultural sector, it is clear
that craftsmen also share a strong opinion on the importance of two determining
factors: cost and necessity. These elements are perceived as essential in farmers’
decision-making regarding the adoption of new practices or innovations. However, it
is interesting to note that, contrary to initial expectations, craftsmen believe that the
benefits associated with these innovations are not as significant as one might think.

When it comes to risks, a worrying reality emerges. Artisans explicitly expressed that
these risks exert a considerable influence on the decisions of farmers, who tend to be
particularly cautious and reluctant to engage in risky approaches. This behavior
contrasts with the perspective of experts who are often more inclined to accept a
certain amount of risk in the context of their practice. Another essential dimension to
take into account is the abundance factor, which seems to play a crucial role in the
perception of artisans. Indeed, 77% of artisan participants affirmed that this
abundance has a substantial impact, emphasizing that farmers cannot afford to
compromise their production by taking the risk of trying innovations, especially if
these are likely to be hampered by the scarcity of necessary resources or by the
absence of appropriate means.

In addition, several other aspects also influence farmers’ adoption decisions. The time
available to adapt to new practices, the field vision that can guide decision-making,
and the prior knowledge accumulated during their experience play a significant role.
All of these factors combined create a complex landscape that farmers must navigate,
carefully weighing the pros and cons before committing to innovative directions that
could transform their working methods and, potentially, the future of their
production.
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= No Idea = Yes, There are Financing programs = No, There are no financing programs

Figure 06: Professionals’ Knowledge about financing programs for Innovative Farmers

The Figure N° 06 Presents Professionals’ opinions on the possibility for farmers to
obtain financing to develop innovative agricultural projects, the opinions are very
contrasting. It is notable that 50% of survey participants did not report having
information on this subject, which raises questions about the transparency of access
to financing for farmers.

However, 37% of participants confirmed the existence of financing for this type of
project in the public banking system. This percentage suggests that public banks do
indeed provide financing opportunities for farmers wishing to develop innovative
projects.

Unfortunately, this is not the only position that was shared. Indeed, 13% of the
participants denied the existence of this type of financing. This position, although it
constitutes a minority, poses a certain ambiguity regarding the availability of financing
for farmers wishing to develop innovative agricultural projects.

This ambiguity can be a significant obstacle for entrepreneurial initiatives in the
agricultural sector. Indeed, farmers wishing to launch new projects to improve the
effectiveness or efficiency of their farm may find themselves facing financial
difficulties if financing were not accessible.

It is therefore important to highlight the current situation regarding financing for
farmers wishing to develop innovative agricultural projects. More should be known
about the financing programs that exist, what criteria for selecting financing
applications are and how the evaluation and decision-making processes are set up.
This could help clarify the situation and facilitate access to finance for farmers who
want to innovate in their agricultural operations.
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3. Properties of innovation that influence the farmer's decision.

For the properties of innovations and their influence on adoption among farmers from
an administrative perspective, the results are as follows:

Table 02: Properties of innovations and their influence on adoption among farmers from
an administrative perspective.

Properties Mean (SD) Median Percentage of respondants
Level of 38.2% Influential
Comblexit 2.20 (1.458) 3 23.6% Completely ineffective
P Y 18.2% Very Influential
Testable before 46.4% Very Influential
adoption 2.93 (1.291) 3 25% Influential
Suitable for his 53.6% Very Influential
4 .631 4
needs 3.46(0.631) 39.3% Influential
Remarkable 62.3% Very Influential
Results 3.62 (0.489) 4 37.7% Influential
46.4% Very Influential
Short time frame 3.14 (0.923) 3 25% Influential
25% Quite influential

The results reveal that several characteristics play a major role in farmers' decision to
adopt an innovation. First, the level of complexity of the innovation stands out as a
major obstacle to adoption. Indeed, nearly 38.2% of respondents believe that the
complexity of the innovation significantly influences their choice. An innovation
deemed difficult to understand or implement can slow down farmers, who often
prefer simple and accessible solutions.

In addition, the possibility of testing the innovation before fully committing to its
adoption considered a determining criterion for many farmers. Around 46.4% of
respondents emphasize that this testing capacity perceived as a very influential factor.
This reflects a need for validation in the field, allowing farmers to ensure that the
innovation meets their expectations and needs before making a final decision.

Furthermore, the adequacy of the innovation to the specific requirements of farmers
turns out to be an essential criterion in their decision-making process. With an
impressive 93.3% of respondents considering this factor as highly influential, it is clear
that farmers are looking for innovations that integrate seamlessly into their practices
and working environment. They therefore favour solutions that align with their
farming methods and objectives.

The visibility of the results generated by the innovation is also a crucial aspect. Around
62% of farmers believe that the possibility of observing the benefits of a new practice
or technology strongly influences their decision to adopt the innovation.

78




CHAPTER 11l / RESULTS & DISCUSSIONS

Farmers want to be able to assess the positive impact that the innovation could have
on their production before investing resources in it.

The time required to observe tangible results from the innovation also perceived as
an important element. Nearly 46% of respondents say that this aspect is highly
influential in their choice. Farmers, often subject to time and resource constraints,
want to maximise their return on investment and favour solutions that achieve rapid
and measurable results.

These different elements highlight the complexity of the decisions taken by farmers
regarding the adoption of innovations and underline the importance of taking into
account their specific needs and concerns to promote successful adoption.
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Completely Ineffective = A little Effective Somewhat Effective Effective Highly Effective

Figure 07: Influence of properties of innovations on adoption among farmers
(Craftsmen perspective).

The results previously mentioned reveal a nuanced perception of the way in which
artisans understand the adoption of innovation by farmers. The Figure N°07 that
represents the same proprieties but from another perspective, shows a significant
proportion of 55.6% of the craftsmen surveyed, believe that the suitability of an
innovation plays a determining role in farmers’ decision to integrate it into their
practices. This suggests that a certain apprehension towards new technologies or
methods can hinder their adoption, particularly when the processes involved seem
too difficult or esoteric.

40% of craftsmen perceive the complexity of innovations as Completely Ineffective,
indicating that a significant portion view complexity as a major barrier to adoption.
10% rate their efforts at being Highly Effective and consider ease of use to be essential.

Farmers and Craftsmen, who prioritize practicality and simplicity, may resist
innovations that perceived as challenging or intricate. Therefore, by delivering hands-
on training and simplifying the design process, adoption rates can be significantly
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increased, this obstacle must be addressed as even the most valuable innovations may
face rejection if they're perceived as too complex.

Innovations can be tested by craftsmen in practical applications, resulting in reduced
risk perception and uncertainty. This property is especially important for practical
adoption, as farmers prefer to be able to see the results on field first.

Innovations that fit into existing practices and solve immediate problems are the top
priorities for farmers. To make the most of this, innovators should involve skilled
craftsmen in the customization process and ensure that innovations are adaptable to
local conditions, which enhances perceived relevance.

20% of artisans consider outstanding results to be Highly Effective, highlighting the
importance of tangible benefits. The focus on measurable benefits and providing
concrete proof can greatly expedite adoption, as artisans seek solutions that provide
significant advantages. Highly effective is the rating given to a short time-frame by
27% of the participants.

While not as influential as results or simplicity, time efficiency holds significant
importance, innovations that offer immediate or rapid benefits are preferred by
craftsmen due to their ability to reap immediate returns or require little time
investment.

Complexity seems to be the biggest barrier. Therefore, simplicity and practicality are
key, although innovation’s testability and relevance to needs are important; they
aren't the sole determinants of tangible benefits or user-friendliness.

In another case, craftsmen stress that the possibility of experimenting with an
innovation does not appear to be such a decisive factor. They analyze the behavior of
farmers and notice a marked tendency towards caution. Indeed, they show a
reluctance to take risks, generally preferring to stick to proven and well-established
methods that offer guaranteed results. This attitude toward experimentation could
arise from a fear of uncertainty and the need for security in a sector where the
economic stakes are often considerable.

Furthermore, regarding the alignment of the proposed innovations with the real
needs of farmers, there is a consensus among the artisans. They agree on the
importance of observing the concrete results of such innovations before adopting
them. This also involves taking into account the time required to evaluate the
effectiveness of these new methods or technologies. Thus, whatever their category,
artisans share the conviction that the relevance of innovations in relation to realities
on the ground, as well as the capacity to measure the effects of these new practices,
are crucial elements which must be integrated into the process of Agricultural
innovation
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4. The motivations for adopting agricultural innovation.

After examinations in depth the different factors and properties inherent to innovations, it is
essential to recognize that the motivations determining the adoption of these innovations by
farmers also play a crucial role. These motivations can be classified into several categories,
each of which has a significant impact on a farmer’s decision to integrate a new technology or
method into their farming practices. Here is an exploration of these motivations:
Professional Organisations
Ambition to try (Adventure)

Period of apparition & Necessity

Social Media

Social Mentality of the Region

Neighbor's Effect (Copying)

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0%

Figure 08: The motivations that lead farmers to adopt an innovation.

Figure 08 highlights the different motivations that push farmers to adopt innovative
practices. These motivations seem to be strongly anchored in the social sphere and
the local environment, highlighting the importance of community interactions and
proximity dynamics in the decision-making process. Indeed, more than 80% of the
farmers surveyed claim that neighborhood effects and the social mentality of the
region significantly influence their choice regarding agricultural innovations.

This indicates that the social context, which includes relationships between farmers,
local customs and community norms, plays a key role in the adoption of new
technologies or methods. In addition, social networks, whether formal or informal, are
a determining factor in this dynamic. About 75% of respondents report being
influenced by the recommendations and practices of other farmers, which illustrates
the importance of learning through observation and sharing experience within these
networks.

Farmers appear to be more likely to adopt an innovation when it is validated by peers
whom they consider as references, reinforcing the idea that trust and reputation
within the community play a crucial role in the diffusion of innovations.

The timing of the emergence of innovations appears to be another determining aspect
according to the responses collected. About 70% of farmers consider that the timing
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of the introduction of certain innovations is critical for their adoption. This suggests
that farmers are particularly attentive to the relevance and opportunity of innovations
and that they are more likely to consider those that offer a clear competitive
advantage.

However, this sensitivity to innovation may be accompanied by a certain reluctance
towards solutions considered too innovative or costly, which could lead them to adopt
a more cautious approach in their decisions. In summary, these results highlight not
only the importance of social relations and interpersonal influences in the adoption of
agricultural innovations, but also the temporal and economic aspects that can
modulate these decisions.

On the other hand, our survey results highlight an interesting trend: it appears that
motivations related to personal ambition and the spirit of adventure, which could be
perceived as positive and enriching drivers, occupy a relatively marginal place in
decision-making within this sector. With a rate of affirmation of only 64% of
respondents indicating that ambition and the taste for adventure play a role in their
professional commitment, it is clear that these factors have less impact than other
considerations.

Furthermore, it is particularly revealing only a fraction, or 25% of farmers, mention
the influence of professional organizations. This statistic suggests that the role of
these entities, usually perceived as essential supports for the agricultural community
in terms of networking, training and access to resources, is in reality more limited than
one might expect. Farmers therefore seem to turn to other sources of motivation that
seem more essential to their daily lives.

This finding highlights the fact that farmers primarily driven by practical and economic
considerations. This may include imperatives such as farm profitability, the search for
innovative techniques to optimize production, or the need to respond to increasingly
demanding markets. In short, these more down-to-earth motivations seem to take
precedence over more noble or emotional aspirations, such as the desire to contribute
to an environmental cause or the quest for personal satisfaction. Thus, this analysis
raises important questions about how policies can evolve and better meet farmers'
real expectations and needs, by integrating more personal and altruistic dimensions
into an essentially pragmatic approach.
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Artisans expressed varied and sometimes contradictory views regarding the impact of
the surrounding society on farmers’ decisions, as well as the influence exerted by
farmers in their neighbourhood. According to the results of a survey, 15.4% of
participants admitted that neighbouring farmers play a significant role in farmers’
decision-making, suggesting a social dynamic where neighbourhood and interpersonal
relationships can shape agronomic choices.

However, this perception is not unanimous; many artisans doubt the real importance
of these interactions, which reflects a divergence in the interpretation of social
influences. Furthermore, artisans, based on their experience and regular contact with
the agricultural world, believe that the motivations that incite farmers to adopt a
particular innovation are not significant. They observe that farmers tend to rely on
practices and techniques that’ve been tested, adopted and validated by others.

This tendency to rely on concrete evidence and proven results seems to take
precedence over the search for bold or unproven innovations. Artisans, through their
proximity to farmers, note that the latter often prefer proven methods, which reflects
a certain prudence and a need for security in their choices. Thus, even if some artisans
recognize that social interaction exists, the general trend seems to be one of disdain
for motivations based on external influences, in favor of a pragmatism guided by
experience and tradition.
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5. The impact of the environment on innovation adoption

social interactions, contact with other
farmers, Informal exchanges during
community meetings

information resources, specialized
websites or agricultural organizations

information resources, social media

agricultural fairs or workshops
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Figure 09: Social and resources influence on decision-making of farmers.

The Figure N°09 shows the social & resources influence on decision-making of farmers,
The vast majority of respondents, 92.7%, say that social interactions, regular contact
with other farmers, and access to information resources play a determining role in
their decision-making regarding the adoption of innovations. This finding reveals the
crucial importance of community dynamics within the agricultural community.
Indeed, these interactions not only allow for the exchange of ideas and practices, but
they also foster the creation of a climate of trust and mutual support, allowing farmers
to feel less isolated in their choices.

The results of this survey suggest that farmers do not make their decisions in isolation,
but rather by taking into account the opinions and experiences of their peers. Informal
exchanges during community meetings, agricultural fairs or workshops are often
privileged opportunities to share feedback, ask questions and receive practical advice.
Thus, group dynamics can strongly influence the adoption of new techniques or
technologies, as farmers tend to draw inspiration from the successes or failures of
those around them.

Furthermore, access to information resources, whether from social networks,
specialized websites or agricultural organizations, is also an important motivating
factor. This information, whether technical, economic or environmental, allows
farmers to understand better the advantages and disadvantages of the different
innovations available on the market. By keeping up to date with the latest trends and
research in sustainable development, they are better able to justify their choice to
invest in certain innovations, based on concrete data and convincing examples.
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Thus, this interdependence between social interactions and information resources
underlines the importance of creating and maintaining cooperation networks
between farmers. This could also encourage sector stakeholders, such as agricultural
organizations or research institutions, to develop initiatives aimed at fostering these
exchanges, such as discussion groups, collaborative training or information exchange
platforms. By highlighting the significant influence of these interactions on decisions
to adopt innovations, it becomes crucial to support these social dynamics and
facilitate access to quality resources to maximize farmers' chances of success in their
guest for innovation.

Participants provided remarkably rich and varied explanations of how farmers
affected by changes in their environment adopt new practices and technologies.
However, six key ideas can be identified that are key to the effectiveness of this
adoption.

Conviction by frequency effect, which represents 23.3% of the testimonies, emerges
as a fundamental element. This notion illustrates the phenomenon of the social effect,
where the simple fact of seeing that other farmers adopt an innovation in turn
encourages others to do the same. When farmers see that, their peers benefit from a
new method, their confidence in this innovation increases, which stimulates their
propensity to adopt similar practices.

Field vision comes in second place with 18.6%. This dimension is crucial, because it is
imperative that farmers have the opportunity to observe directly innovations before
deciding to adopt them. Visualizing tangible results on neighbouring farms fuels
farmers’ enthusiasm and confidence, allowing them to assess the potential benefits
of new practices.

In addition, imitation, also at 18.6%, appears to be a powerful psychological
mechanism. Farmers tend to be more receptive to adopting an innovation that has
already proven itself among other farmers. Thus, rather than embarking on uncertain
paths, they prefer to follow the example of their neighbours or colleagues who have
already been through the wringer. This search for security in collective knowledge
strengthens adoption dynamics.

Taking into account the experiences of other farmers, which represents 16.3% of the
concerns expressed, considered essential. Adoption decisions are often influenced by
the successes or failures encountered by their peers. When a farmer sees that one of
his colleagues has managed to overcome challenges thanks to a specific innovation,
this can weigh considerably in his decision to follow the same path.

Discussions about agricultural problems often lead to solutions, a point that also
captured the attention of 16.3% of participants. These exchanges allow farmers to
confront their challenges and collectively develop appropriate strategies.
Collaboration and sharing of ideas foster a climate of mutual assistance and
innovation, making it more conducive to the adoption of new practices.
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Curiosity, although represented by a modest 7.0%, plays a significant role in the
adoption of innovations. In some exceptional cases, farmers with high curiosity may
be more inclined to explore new ideas. This proactive attitude can make them more
receptive to necessary changes and enable them to evolve towards more sustainable
and innovative practices.

Thus, from these elements, it is clear that the adoption of innovations within farms
based on social dynamics, practical concerns and a collective desire for exchange and
learning.

11%
16.60% farmers' interactions with their
peers & Information resources

social discussions between farmers

27.70%
950, direct observation in the field
o
The idea repetition effect
interaction with environmental
38.80%

factors

Figure 10: Major Influencers of innovation adoption from craftsmen vision.

The Figure N°10 shows the major influencers on innovation adoption from the point
of view of Craftsmen, the perceptible impact of information resources and farmers'
interactions with their environment, as well as with their peers, proves to be a
fundamental element in the decision-making process relating to the adoption of new
agricultural practices. According to the data collected, 96% of the artisans who
participated in the study agree that these interactions have a significant influence on
their choices.

Among the different facets of this impact, social discussions between farmers occupy
a prominent place, representing 38.8% of the responses. These exchanges allow
farmers to obtain an enriched and diversified overview of the available innovations as
well as their effectiveness. By sharing experiences and testimonies, farmers can not
only assess the potential benefits of new practices, but also measure their risks. This
social dynamic deepens a collective understanding of innovations and can strongly
influence the decision to adopt or not a new technique.

Next comes the importance of direct observation in the field, which was cited by
27.7% of participants as a key factor. Indeed, the majority of artisans believe that
seeing the successful application of a technique in their immediate environment is a
powerful driver of adoption. The ability to observe directly clear results allows farmers
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to assess the feasibility and relevance of an innovation according to their own context,
thus reinforcing their confidence in their potential choice of adoption.

The idea repetition effect, mentioned by 16.6% of respondents, highlights a
psychological aspect that should not be underestimated. Proponents of this view point
out that frequent exposure to certain ideas or techniques stimulates curiosity and
fosters deeper understanding. This habituation process can lead to a greater
propensity to consider adopting these innovations, as farmers may come to see them
as viable solutions.

11% of artisans argue that interaction with environmental factors, such as climate, soil
conditions, or market influences, often directs their choices towards imitating the
successes observed among other farmers. This tendency to align with the practices of
successful peers can influence not only individual decisions, but also broader dynamics
of change within farming communities.

5.5% of artisans, in agreement with agricultural input sellers, argue that this
interaction is in reality an amalgam of all these factors, thus highlighting the
complexity and interdependence of the influences at play. This opinion indicates that
the adoption of new practices depends on a delicate balance between interpersonal
exchanges, empirical observations and psychological conditioning, thus shaping a
dynamic landscape where information and interaction constitute the cornerstone of
agricultural decisions.

The results of the survey conducted among agricultural input sellers highlight the
unanimous opinion of the participants concerning the significant impact of
environmental factors on the decisions made by farmers, particularly with regard to
the adoption of agricultural practices and innovations. Indeed, the data collected
indicate that the perception of the field, that is to say the direct and immediate
experience of farmers in connection with their farms, turns out to be the most
determining factor in the decision-making process, with a proportion of 54.76%. This
statistic reflects a key reality: farmers often prioritize tangible and measurable
elements of their immediate environment such as climate conditions, soil quality,
water resources and other ecological variables. Thus, when evaluating the opportunity
to integrate new practices or technologies, they take into consideration these material
factors that directly influence the productivity and viability of their farms.
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Interaction with experts in the field, as well as informal exchanges with other farmers,
rank second and third, with rates of 28.57% and 7.14% of mentions, respectively.
These results illustrate the importance recognized by farmers of staying informed
about the latest trends and innovations in the sector. They highlight the crucial role of
discussions with seasoned professionals and other farmers, who share practical advice
based on their own experiences. These interactions allow farmers to acquire valuable
knowledge and information, strengthening their capacity to evaluate new
technologies and agricultural practices.

It is also important to highlight that other traders clarified a fundamental aspect of
this analysis: the influence of environmental factors does not result from an isolated
element, but rather from a complex combination of multiple variables. Farmers,
aware of the various dimensions that characterize their farm and their environment,
take care to evaluate all the relevant characteristics globally. This global approach
allows farmers to arrive at informed and considered decisions regarding the adoption
of innovations. In conclusion, the survey reveals a dynamic of interaction between
practical experience, the exchange of information and a holistic evaluation of
environmental factors, all playing a key role in the decision-making process of farmers
in the face of innovation.
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6. The impact of internet usage on the decision-making of the
farmer.

Social Gatherings (Mosque, Evenings ...)
Institutional Workshops, training days
Internet Websites

Social Media (FaceBook, WhatsApp, TikTok ...)

80% 85% 90% 95% 100%

Figure 11: Impact of The Internet as a Source of information.

According to the professional stakeholders interviewed as part of this survey & shown
in Figure 10, the sources of information considered reliable by farmers to keep up to
date with the latest agricultural technologies and innovations available are mainly
social networks and websites. Indeed, an overwhelming majority of 96% of
participants cited social media platforms such as Facebook, Instagram, TikTok and
WhatsApp, which play a leading role in the dissemination of agricultural information.
These platforms not only allow farmers to access diversified content, but also to
interact with other professionals in the sector, thus promoting a real-time exchange
of knowledge.

Farmers use social networks to follow influencers, agricultural organizations, and even
agronomy experts who regularly share updates, advice and innovative practices. This
allows them to inform themselves in a dynamic and reactive way, based on discussions
and sharing of experiences from their peers and recognized professionals, which
reinforces the credibility of the information and its relevance.

At the same time, websites perceived also as an essential resource. Farmers cite not
only news and information sites specializing in agriculture, but also video platforms
such as YouTube, where it is possible to find tutorials, demonstrations of new
technologies and feedback on innovative cultivation methods. These videos offer
them a visual and practical approach, often more intuitive than written articles.
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Government websites dedicated to agriculture represent a reliable and structured
source of information, offering regulatory data, subsidies, as well as valuable technical
advice. In this sense, these online resources contribute to creating a complete and
accessible source of the latest developments in the sector.

All of these digital tools allow farmers to navigate efficiently in a constantly changing
environment, strengthening their capacity to adopt modern and sustainable
agricultural practices. These results highlight the importance of targeted
communication and easy access to agronomic information in contemporary
agricultural development strategies.

This trend highlights the changing modes of communication in the agricultural sector,
where digital tools are playing an increasing role in sharing and disseminating
knowledge. Farmers, often in search of efficiency and productivity, are turning to
these channels for tips, tutorials, and updates on the latest innovations, which shows
a growing trust in these online media.

Furthermore, according to the information collected, 73% of participants highlighted
the crucial importance of training activities, such as workshops, meetings and
seminars, organized by the Ministry of Agriculture and agricultural government
institutions. These events, designed to promote knowledge exchange and
dissemination of good practices, are key elements in setting up an effective training
program.

Workshops, which provide a platform for the exchange of experiences between
experts, professionals in the sector and farmers, play a crucial role in improving
farmers' knowledge and skills. Indeed, through these workshops, farmers have the
opportunity to interact directly with experts in the field and learn about the latest
technologies, innovative farming methods and good practices. This allows them to
improve their knowledge and understanding of complex agricultural issues, helping
them make informed decisions.

In addition, the workshops provide farmers with the opportunity to ask questions and
discuss the challenges they face in the field. This allows them to share their
experiences, difficulties and suggestions, which strengthens the connection between
policy makers, sector professionals and industry stakeholders. This two-way
communication allows decision makers to gain valuable insights into the real needs of
farmers, enabling them to make informed decisions and develop effective policies.
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Interestingly, 94% of participants also recognised the value of social gatherings of all
kinds — whether informal discussions at parties, community events or meetings at
places of worship such as mosques — as reliable sources of information for farmers.
This highlights the importance of informal communication in disseminating
information and creating a network of mutual support among farmers.

These social interactions not only allow for the sharing of practical experiences and
tips, but also build solidarity within the farming community. Informal exchanges
among farmers can cover topics such as farming methods, choice of plant varieties,
irrigation techniques, water resource management, pest and disease control, and
product marketing strategies. These discussions allow farmers to draw on the real-
world experiences of their peers, which can be more effective than simply consulting
manuals or online resources.

Social gatherings foster strong bonds between members of the farming community,
which can lead to the establishment of systems of solidarity and mutual support. For
example, farmers can help each other in times of difficulty, exchange tools or
equipment, or even participate in collective initiatives to improve the productivity and
sustainability of their farms.

The results reveal a complex dynamic in the way farmers inform and train themselves,
combining modern tools and traditional practices to optimize their activity. Farmers
use social networks, mobile applications and websites to access technical information
and online resources, but they also continue to value social interactions and informal
exchanges to supplement their knowledge and strengthen their community.

This hybrid approach, which combines the advantages of technology with the benefits
of interpersonal communication, allows farmers to develop a deeper understanding
of their environment and practices, and to address better the challenges related to
sustainable agricultural production. Ultimately, the recognition of the value of social
gatherings and informal exchanges for farmers underlines the importance of taking
into account the social and cultural aspects of agriculture, in addition to the technical
and economic aspects, in developing effective and sustainable rural development
strategies.
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There is a clear consensus among members active in the agricultural sector and
artisans regarding the importance of information sources for farmers. The results of
the responses show that the different sources of information, including evening
events, the use of social networks and browsing specialized websites, considered
having a similar influence to that of meetings and workshops organized in government
institutions. This means that farmers and artisans recognize the usefulness of these
different channels to keep themselves informed about best practices, innovations,
policies and resources available in their sector. Despite this recognition of the
importance of information sources, the statistics reveal a reality that seems
paradoxical. Only 3.8% of participants considered that these information activities
were effective. This low assessment of effectiveness could be attributed to several
factors, including the geographical or conceptual distance of government agencies
from the agricultural sector. Government institutions, although supposed to provide
services and advice to farmers, may be perceived as being too bureaucratic, distant
from the specific needs of rural communities, or not sufficiently responsive to the daily
challenges and concerns of farmers and artisans.

The perceived isolation of government agencies may be reinforced by insufficient or
ineffective communication between these institutions and farming communities.
Farmers and artisans may feel that their voices are not heard enough or that their
needs are not properly understood, which may explain why they find the information
activities offered by these institutions to be ineffective. It is therefore crucial that
government agencies and organizations involved in agricultural development reassess
their communication and information strategies to better meet the needs and
expectations of farmers and artisans, and thus improve their effectiveness in
supporting the agricultural sector.

92



CHAPTER 11l / RESULTS & DISCUSSIONS

No, the Internet |
has no effect [

-
Q- / Yes, the Internet

S - | has a crucial role in
disseminating
—_— innvation

Figure 12: Role of Internet in disseminating innovation (by Craftsmen).

The vast majority of artisans, representing nearly 92.3% of them (Figure 12),
highlighted the crucial importance that the Internet plays in the development of
agriculture within the region. This digital connection is not limited to access to
information only, but also extends to facilitating the sharing of knowledge and
technological innovations. Through the Internet, artisans have the opportunity to
connect easily with other actors in the sector, whether they are producers,
researchers or service providers.

These digital links allow for the rapid and efficient dissemination of equipment and
technologies that are not locally manufactured only, but also adapted to the specific
needs of farmers in the region. This has the effect of strengthening the autonomy and
adaptability of farmers in the face of contemporary challenges, such as climatic
variations or market fluctuations.

Artisans also find that the Internet allows them to share their experiences and
knowledge, exchange ideas and learn about innovative agricultural practices
implemented elsewhere. This process of exchange and collaboration promotes the
continuous improvement of agricultural methods and the optimization of resources.

In addition, the online sale of agricultural products and equipment allows them to
reach a wider audience, thus increasing the profitability and visibility of artisans and
their work.
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Results from agricultural input sellers reveal that 87.8% of participants believe that
the Internet is a crucial tool for promoting agricultural innovations. This striking
statistic highlights the major impact that digital technology has on the agricultural
sector, transforming the way ideas and technologies circulate.

They see that the Internet allows unprecedented access to a wealth of relevant
information on new cultivation techniques, seed varieties and equipment available on
the market. Through online platforms, discussion forums and social media, farmers
can easily learn about the latest innovations, while sharing their own experiences and
knowledge. This not only strengthens individual capacities, but also fosters a
collaborative dynamic within the farming community.

On the other hand, it has revolutionized farmer training, offering varied educational
resources such as webinars, video tutorials, and specialized online courses. These e-
learning tools are particularly beneficial for farmers living in remote rural areas, where
access to traditional training can be difficult. By providing these farmers with access
to cutting-edge and up-to-date knowledge, the Internet helps improve their farming
practices, thereby increasing the productivity and sustainability of their business.

The Internet also stimulates local innovation in equipment and technology.
Agricultural entrepreneurs and start-ups can use digital tools to promote their
products, reach a wider audience, and gather valuable feedback on their offerings.
This creates a dynamic ecosystem, where innovations not only come from large
companies, but also emerge from the field, driven by the real needs of farmers.

Although the study participants clearly recognize the crucial importance of the
Internet and social networks in the dissemination of innovations to farmers, it is very
worrying to note that 96.4% of them affirm that digitalization not implemented in the
processes of diffusion of innovations within the institutions in which they operate. This
finding highlights a significant gap between the awareness of the benefits that
technology can bring and the reality of institutional practices.

In other words, although the majority of participants are aware that digital tools, such
as social networks, online platforms, and mobile applications, can facilitate the
exchange of information, access to educational resources and the sharing of
experiences among farmers, these tools are not integrated yet systematically into the
working methods of institutions. This lack of practical application of digitalization to
the diffusion of innovations suggests institutional, technical or organizational barriers
that hinder the adoption of these technologies.

It is also important to consider that the failure to implement digitalization may limit
the ability of agricultural institutions to reach farmers, especially those who may be
far from traditional resource centres. In a world where information flows rapidly and
agricultural practices are constantly evolving in response to environmental and
economic challenges, the delay in the use of digital tools could have significant
consequences on the effectiveness and relevance of innovation diffusion initiatives.
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Therefore, it becomes imperative for agricultural institutions to rethink their
approaches and incorporate digital strategies into their mode of operation in order to
improve the transmission of innovations. This could include, for example, training
dissemination agents on the use of digital technologies, developing content adapted
to online platforms, or creating collaborations with IT experts to optimize the design
of these tools. It is not enough to recognize the importance of digital technologies; it
is also essential to take action to leverage their benefits in order to promote a wider
and more effective adoption of innovations in the agricultural sector.

Regarding the use of social networks by artisans, it is interesting to note that only
46.2% are actually integrated.

This proportion indicates a relatively limited use of these platforms by a group that
could nevertheless benefit from them, given the visual and connected nature of these
modern media. Among these artisans, 30.8% take the initiative to share their
innovations and creations, which underlines the importance of visibility and
communication in their profession.

However, this dynamic also reveals that a significant percentage of artisans do not
fully explore the possibilities offered by social networks to promote their products and
knowledge. For those who choose not to use social networks, the situation is even
more complex. Indeed, only 26.9% of them have a trusted person, often a family
member or a close friend, to ensure the dissemination of their innovations through
social media. This suggests a desire to avoid direct engagement with these platforms,
while implicitly recognizing the importance of communication and promoting their
work, even indirectly.

Furthermore, those who completely reject the use of social networks express varied
and relevant reasons. Some believe that they do not need advertising because they
already benefit from sufficient notoriety in their community or market, which pushes
them to favor traditional word-of-mouth to the detriment of digital media. Other
artisans fear that their presence on social networks could harm their reputation, due
to the risks associated with the image they project and the way their productions can
be perceived or criticized.

Finally, there is also a fringe of artisans who simply declare themselves disinterested
in celebrity and the need to be highlighted, preferring to work in the shadows and
escape the pressure of public exposure. This diversity of points of view highlights the
nuances and personal reflections, which underlie the choices of artisans with regard
to modern communication tools.
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7. The impact of stakeholders on decision-making among
farmers.

The Figure N° 13 represents the stakeholders in the field who have an influence on
farmers and their decisions, according to the Craftsmen.

2.78%

2.78% \ 2-78%

5.56%

8.33%

16.67%

= Farmers = Aricultural Input Sellers = Craftsmen
Engineers = Market fluctuations = Governemental Institutions
= Communal Agricultural Guide Internet

Figure 13: The Influencers on Farmers According to craftsmen.

Farmers undeniably stand out as the central actors in the agricultural sector,
exercising a significant influence on the decisions that concern them. Indeed, with
38.89% of mentions, their role is not limited to that of simple beneficiaries of the
choices made, but also encompasses a genuine decision-making responsibility. This
high figure demonstrates their direct involvement in decision-making processes, as
well as their in-depth knowledge of agronomic issues. This position of strength
underlines not only their expertise in cultivation and livestock breeding, but also their
ability to shape the dynamics of their own activity.

Other actors, such as seed merchants, also occupy an important place in this chain of
influence. With 22.22% of mentions, the latter play a crucial role in the marketing and
distribution of agricultural products. Their function goes beyond the simple sale of
seeds and inputs; they are often seen as strategic partners who can offer advice on
best cultivation practices, the most suitable varieties, and market trends. This close
connection between seed merchants and farmers places the latter in a position of
influence, as their recommendations can have a direct impact on farmers’ decision-
making.

96



CHAPTER 11l / RESULTS & DISCUSSIONS

Artisans, for their part, represent 16.67% of the recognized influences. Their
contribution is valuable, not only by providing essential services such as equipment
maintenance, construction of agricultural structures, or by offering specific products
that meet farmers’ needs. Thanks to their local knowledge and proximity to farmers,
they are able to provide solutions adapted to the daily challenges encountered in the
field. Thus, their role is not limited to simple support; they constitute an essential link
that allows farmers to optimize their production and navigate efficiently within a
constantly changing agricultural environment.

It is also important to mention the less influential position of other actors such as
engineers (8.33%) and government institutions (2.78%). The relative weakness of their
impact can be explained by perception that these actors, although they have technical
and regulatory skills, often operate at a more theoretical level and removed from daily
agricultural realities. Farmers may perceive the advice of engineers or government
directives as being too general or lacking in anchoring in their specific reality.
Contextual variables specific to each farm often carry more weight than
recommendations from these more distant actors.

The influence linked to market fluctuations (5.56%) and the Internet (2.78%) are
perceived as marginal in the decision-making process of farmers. Indeed, although
these elements can offer information and a broader vision of agricultural trends, they
are not necessarily integrated into daily decision-making. This can explained by a lack
of direct access or by a difficulty in translating this global information into concrete
strategies on the ground.

The agricultural guide (2.78%) is often considered a secondary and not very influential
actor, particularly by artisans who see it as an additional source of information, but
not essential. Its low influence may result from a perception that it is too academic or
theoretical, lacking the relevance and practicality that farmers seek in their daily work.

The analysis reveals a complex and varied hierarchy of influence within the agricultural
world, where farmers, seed merchants and artisans stand out as the main actors in
decision-making, while more distant entities such as engineers or government
institutions, although potentially valuable, struggle to integrate into the daily life of
farms.
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Figure 14: The possibility of cooperation to develop innovations.

The Figure N° 14 illustrates farmers' perceptions of the cooperation needed to develop
innovations in the agricultural sector, a crucial aspect to address contemporary
challenges. According to the analysis of the field experts interviewed, the majority of
participants consider that this cooperation is not only desirable, but also feasible.
However, opinions diverge significantly on the modalities for implementing this
collaboration.

In detail, 48.1% of experts support that for cooperation between farmers to be
effective and fruitful, it is essential that they organize themselves within formal
entities such as agricultural cooperatives or agricultural unions. These structures
indeed would be perceived as catalysts, providing not only a platform for sharing
ideas, but also a framework for effective collective action. Cooperatives, for example,
allow for the pooling of resources, facilitate access to financing and strengthen the
voice of farmers in discussions with other actors in the value chain.

On the other hand, a significant number of experts, representing 35.2%, are of the
opinion that cooperation can be achieved informally and without the need for a pre-
established formal organization. This suggests that there may be a willingness or
capacity for collaborative innovation based on interpersonal relationships, networks
of trust or local initiatives. These agronomists envisage that spontaneous interactions
between farmers, even outside an organizational structure, can lead to innovative
projects, thus promoting the sharing of agricultural knowledge and practices.
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Also, 16.7% of experts express significant reservations about the possibility of
effective cooperation between farmers for innovation, arguing that structural, cultural
or economic obstacles could hinder this collaboration. These sceptics potentially
highlight issues such as competition for limited resources, differences in priorities
between farmers or reluctance to share ideas and techniques, fearing that this could
jeopardize their competitive advantage.

33.30%

Yes, it facilitates their Activity No, it has no effect

Figure 15: The Importance of Membership in Professional organizations
(By Craftsmen).

The Figure 15 illustrates the importance of affiliation in Professional Organizations
according to the results from artisans, a significant proportion of 66.7% recognize the
crucial importance of cooperation between farmers and membership in professional
associative activity frameworks. This collaboration seen as a fundamental lever to
facilitate the diffusion of innovations within their practices. Indeed, when artisans and
farmers join forces, they create an environment conducive to the exchange of ideas
and knowledge, which can lead to new working methods, the adoption of innovative
technologies and the continuous improvement of their products and services.

Membership in professional associative structures also provides a formal framework
to coordinate their actions, share resources, and organize awareness-raising and
training events. These regular interactions not only promote the exchange of
experiences, but also the establishment of solid professional networks. By sharing
their successes and failures, artisans and farmers can learn from each other, thus
going beyond the singularities of their respective sectors to benefit from a broader
perspective.

In addition, these collaborations can include the exchange of contacts, thus facilitating
access to markets, suppliers, and potential partners. Such synergy can also strengthen
the competitiveness of their respective activities, allowing them to innovate together
and better respond to changing market requirements.
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8. The impact of agricultural input sellers.

Agro-input traders play a crucial role in the development and revitalization of the agri-
food sector in the state. They are aware that their most significant contribution to
stimulating the dynamics of innovation lies in the provision of a set of services that go
well beyond the simple sale of products. Indeed, these economic actors are actively
engaged in offering technical advice, strategic orientations and financial support,
which are essential elements to encourage farmers to adopt new practices and
technologies.

With this in mind, they set up payment facilities to improve access to agricultural
inputs, thus making these expensive resources often more accessible to farmers.
These facilities, which can include flexible credits or staggered payment terms, are a
direct response to the financial challenges faced by many farmers, thus enabling them
to invest in innovations that could increase their productivity and profitability.

Interestingly, these traders do not sufficiently increase the dissemination of
agricultural innovation techniques to farmers. Their preference seems to be for
providing tailored advice and explanations, rather than a more mechanical approach
to transmitting techniques. This strategy reflects a deep understanding of the
complexity inherent in decision-making regarding agricultural innovation. Indeed,
farmers are faced often with complex choices that require a careful assessment of
various factors, including cost, long-term profitability and environmental impact.

Therefore, by providing personalized support and taking into account the specific
needs of each farmer, these traders show that they are not simply imposing ready-
made solutions, but rather that they seek to accompany farmers in their decision-
making process. This contrasts with a more traditional approach, where standardized
recommendations would be disseminated without taking into account the local
contexts, crops and infrastructures specific to each farmer. In this context, these
traders assert themselves as true partners in innovation, playing a key role both in
supporting the agricultural transition and in encouraging more sustainable and
resilient agriculture. Their commitment to support that values the local agricultural
ecosystem reinforces the relevance of their intervention in the sustainable
development of the region.

Similarly, the results from professional actors in the agricultural sector revealed that
75% of them recognize the crucial role played by agricultural input sellers in the
dissemination of modern technologies and the improvement of agricultural practices
in the field. These sellers do not just market products, but they also act as relays of
essential information. They have an active role in raising awareness among farmers
about new practices and technologies that could improve their yield and the
sustainability of their farms.
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In practice, this translates into direct interaction with farmers, during which these
sellers offer sound advice and guidance tailored to the specific needs of farmers. Not
only do they present the advantages of certain technologies or inputs, but they also
ensure that this information is integrated into the daily lives of farmers.

Moreover, this support does not stop at simple sales. Vendors regularly conduct field
monitoring to assess the impact of the innovations introduced. This allows them not
only to verify the effectiveness of proposed solutions, but also to make adjustments
based on farmers’ feedback. They become aware of the specific challenges faced by
producers and tailor their advice accordingly, taking into account the varied
requirements of farms. It is also essential to mention that these vendors take into
consideration the economic realities of farmers. They propose solutions that are not
only innovative but also financially viable. This includes agricultural input options that
suit farmers’ investment capacities, while respecting the specificities of their soil,
crops and climate. This tailor-made approach is essential to ensure that farmers can
truly benefit from available technologies and improve their productivity without
putting themselves in financial difficulty.
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9. The influence of artisans on the dynamic of the region.

For artisans, we undertook an in-depth analysis to understand the different factors
that influence their choice to implement farmers’ ideas. In this study, 38% of
participants indicated that farmers base their decisions mainly on the precise
description of the problems they encounter. This approach allows artisans to benefit
from a first outline of what is needed, thus providing them with essential information
to consider suitable solutions. It is a collaborative process where the clarity of a
problem is crucial for the creativity and efficiency of artisans in finding answers.

Furthermore, 15.2% of participants highlighted the importance of exchanges between
the artisan and the farmer, stating that discussion and the exchange of ideas play a
crucial role in developing solutions. These interactions make it possible to adjust
proposals according to the expectations, specific needs, and constraints of farmers. It
is also during these dialogues that artisans can appropriate the concerns of farmers
and propose innovative improvements or technical alternatives.

7.6% of respondents reported that some farmers seek to optimize the resources they
have by reducing the number of parts needed for their equipment. They often
prioritize recycling and reusing existing materials, thus seeking to avoid purchasing
new parts or modifying those already in their possession. This trend towards the
circular economy highlights not only a desire to reduce costs, but also a growing
environmental awareness among farmers.

Other participants emphasized that the reputation and experience of craftsmen in the
agricultural sector are determining factors in their choice. Trust in an artisan, acquired
through previous successful work, is a key factor influencing farmers' decision. They
seek not only technical knowledge, but also informed advice based on experiences. In
sum, this study reveals a nuanced image, showing that farmers' choice of craftsmen is
the result of a combination of technical, relational and value factors. This dynamic
interaction between farmers and craftsmen is essential for the effective
implementation of innovative solutions in the agricultural sector.

In addition, the survey revealed that 80% of the artisans surveyed said they had
already collaborated with farmers, which highlights the importance of this synergy
between the two professions. During these collaborations, the artisans not only
shared their ideas and suggestions, but they also supervised the implementation of
these solutions on the ground. This interaction is crucial, as it allows the artisans to
adapt their skills and expertise to the specific needs of the farmers, while taking into
account the realities of the agricultural world.
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Figure 16: Brainstorming from the perspective of Craftsmen

Regarding the phase of concretization of the joint projects, an interesting insight was
provided by the testimonies of the artisans, as shown in Figure 16, Indeed, 57.1% of
them indicated that they prefer dialogue by discussing and consulting the farmer as
well as other artisans during the implementation process. This collaborative approach
not only promotes a better understanding of each other's needs, but it also
strengthens the feeling of involvement of the different actors in the project, which can
result in more satisfactory results adapted to the reality on the ground.

In a slightly different logic, 19% of respondents stated that they prefer to propose their
own ideas, which they consider appropriate, before moving on to implementation. In
these cases, if the farmers agree, the implementation process can then begin. This
demonstrates a certain autonomy of the artisans who, while remaining attentive to
their farmer partners, take the initiative in designing solutions.

On the other hand, 14.3% of the artisans mentioned that they plan and implement
projects without involving the farmer, which raises questions about the effectiveness
and relevance of the proposed solutions. This method could potentially lead to results
disconnected from the real needs of the farmers, calling into question the adequacy
of the interventions carried out.

Also, 9.5% of the artisans opted for an approach where they simply implement the
ideas suggested by the farmer, without making any modifications or adaptations.
While this method may seem respectful of the farmer’s opinion, it may also lack
innovation, as it does not take into account the technical expertise that craftsmen
could bring to the project.
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It is also interesting to note that a significant majority, 64% of craftsmen, confirmed
that farmers tend to place more importance on the efficiency of equipment than on
its aesthetics, as it is confirmed by the proofs found in the field by the researcher in
Figure 17. This finding highlights a clear priority among farmers: their ultimate goal is
to optimize their productivity and yield, which can influence the type of equipment
they choose to acquire or use. This dynamic reveals not only farmers’ expectations for
practical solutions, but also the need for craftsmen to orient their creations towards
functional, robust tools that are adapted to the demands of daily agricultural work.

An important finding is that no less than 80.8% of artisans are willing to design and
build complex machines based on their current skills, provided they have detailed
illustrations and diagrams. This result not only demonstrates their adaptability, but
also their boundless creativity, revealing a clear willingness to innovate despite
barriers such as their level of formal education.

It is important to note that approximately 68% of the artisans concerned have not
gone beyond Middle school level of education, which does not prevent them from
engaging in ambitious projects.
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Figure 18: Roots of manufacturing capability of Craftsmen

Artisans play a vital role in agricultural innovation within their state, often acting as
drivers of significant change in their communities. To understand this dynamic better,
an in-depth study was conducted on this particular category of the working class. The
results presented in Figure 18 illustrates that 38.5% of the artisans surveyed believe
that they have developed their skills through years of practice in their field. Most of
them started by making spraying axes (AKA: Pivot), a key element of many agricultural
activities. This initial choice is part of a tradition where learning through experience is
essential.

In addition, almost half of the study participants admitted that the manufacture and
development of artisanal machines had been a passion cultivated since their
childhood. This passion is not only the result of a personal inclination, but also the
result of continuous interaction with their social environment. The influence of
societal values and educational opportunities, although limited, played a decisive role
in the development of their skills.

These artisans were thus able to take advantage of their local context, combining
traditional knowledge and technical innovation, to meet the specific needs of their
small farming communities, thus contributing to the economic and social vitality of
their region. These artisans perfectly illustrate the synergy between culture, practice,
and innovation, highlighting their importance in rural development and the
transformation of agricultural methods.

105



CHAPTER 11l / RESULTS & DISCUSSIONS

As for the personal motivations that prompted these artisans to get involved in their
field of activity, the responses collected reveal a remarkable diversity. Among the
participants, 15.2% mentioned that their choice to get involved in this sector was
mainly motivated by the perception that it offered real opportunities for employment
and profit. This search for financial stability and professional success attracts many
individuals to this world, thus highlighting the importance of economic issues in
choosing a career.

Another group, representing 19% of artisans, shared that their passion for
manufacturing and industry was the driving force behind their commitment. For these
individuals, working with their hands and creating tangible products is not only a
means of livelihood, but also a source of personal fulfilment. This passion can be
sparked by an interest from a young age, exposure to an artisanal environment or an
innate curiosity for manual trades.

A particularly telling fact is that another 19% of participants indicated that they were
attracted to this field because of the growing demand and specific needs of their
region. This highlights the importance of the local context and community
expectations in the choice of artisanal professions. These artisans respond to a
concrete need while adding value to their territory, thus developing a symbiosis
between their activity and the demands of the local market.

On the other hand, 7.6% of respondents reported that they had inherited this family
vocation. This intergenerational transmission highlights not only the importance of
tradition and craftsmanship, but also the weight of family and cultural expectations
that can weigh on individuals' career choices. These artisans thus perpetuate valuable
craft skills and techniques that risk disappearing without this family continuity.

Another interesting aspect also concerns the circumstances that led 7.6% of
participants to make the leap to crafts after working as welders. This demonstrates
that career development is often guided by life circumstances, whether it is a
reconversion by personal choice or a need for change in the face of unsatisfactory job
prospects.

In addition to the experiences shared, one participant revealed that his interest in this
profession had followed him since childhood. He mentioned that he had borrowed
money to invest in his dream and that he had then undertaken a self-training path,
culminating in the recognition of his talent within the agricultural community in his
region. This story highlights not only the determination and dedication it takes to
succeed in a craft field, but also the importance of passion and personal initiative in
building a fulfilling career.
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Figure 19: Interconnections among Farmers, Craftsmen, and Agricultural Input Dealers

The results reveal that 76.2% of agro-input dealers reported that farmers actively seek
their support to refer them to local artisans (Figure 19). This need for referrals
highlights the importance of trust that exists within this value chain. Farmers, in search
of solutions tailored to their specific needs, appear to rely on the expertise of dealers
not only to acquire quality inputs, but also to connect with artisans who can bring
innovations and improvements to their farming practices.

Among the artisans who participated in the survey, 66.7% admitted to having direct
and regular relationships with agro-input dealers (Figure 19). These interactions often
take the form of exchanges of ideas and feedback, thus creating a professional
framework where collaboration becomes the cornerstone of innovation. This dynamic
is particularly significant because it illustrates how the synergy between artisans and
vendors can catalyze the development of new techniques, tools, and practices that
can improve not only the productivity, but also the sustainability of local agriculture.

This interconnection between farmers, input vendors, and artisans is evidence of a
vibrant and collaborative agricultural dynamic in El Oued. It also reveals how this
interaction fosters innovation, thereby strengthening the economic fabric of the
region. Exchanges of expertise and professional collaborations contribute not only to
solving specific agricultural issues, but also to promoting a culture of innovation that
could facilitate the adoption of new technologies and practices within the agricultural
community.
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10. The influence of geographical and social proximity on
diffusion and decision-making.

By identifying the core target groups of the study, which include various social and
economic segments related to the agricultural sector and those who are close to
farmers from different social classes. Specifically, this includes three main categories:
agricultural stakeholders, artisans, and agricultural input sellers. All of these represent
key groups that influence and whom influenced by the factors affecting the decision-
making process to adopt innovations and new technologies. The data has shown that
the impact of these factors on the opinions of each group is significant, with each of
these factors playing an important role in shaping farmers' decisions. The diagram 20
explains the Network of Determinants on innovation uptake,

92.3%
76.9%
T - o o Innovation Adoption
Sample {#dups 76.2
- 88.1% Influencing Factors
Artisans ;
Geographical Pr@
Input Sellers | 73.8%
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Figure 20: Network of Determinants on innovation uptake
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According to professionals in the agricultural sector, the geographical proximity of the
areas where innovations are applied is considered a crucial factor in promoting the
adoption of these new practices or technologies. A study revealed that about 80% of
the participants strongly believe that this geographical proximity plays a significant
role in increasing the chances of adopting an innovation.

This is partly explained by the fact that farmers are more likely to experiment with
innovations whose results they have seen in their immediate environment, which
increases their confidence and motivation to integrate these new methods into their
own agricultural practices.

Direct observation of the successes or challenges encountered by neighbors or
colleagues in the application of these innovations can also serve as a valuable source
of information, thus encouraging faster adoption. On the other hand, it is interesting
to note that about 52.7% of the participants also highlighted the importance of social
proximity in the decision-making process regarding the adoption of innovations. This
social proximity can be manifested through relationships with neighbours, business
partners or even friends who have already experienced the innovation in question.
These interpersonal relationships play a key role, as they allow for the exchange of
information, experiences and practical advice. Their peers often influence farmers,
and the trust established in these relationships can give them the boost they need to
embark on new initiatives.

Thus, a farmer’s social network can act as a catalyst, creating an environment
conducive to the adoption of innovations that might otherwise seem too risky or
uncertain. In short, both geographic and social proximity prove to be essential factors
that can greatly influence the dynamics around the adoption of innovations in the
agricultural sector.

The geographic proximity of the regions where agricultural innovations are
implemented is a determining factor in the adoption of these innovations by farmers,
as highlighted by the responses of 88.1% of participants in a study on the subject. This
trend reveals that farmers are more likely to adopt innovative technologies or
practices when they are close to their own environment. The opportunity to visit sites
where these innovations are already in place not only allows farmers to directly
observe the results obtained but also to understand the methods used in a family
context.

In addition, proximity provides opportunities for dialogue and exchange of
experiences among farmers. By talking to their peers who have already integrated
these new practices, farmers can ask questions, address specific concerns, and gather
concrete feedback on the major advantages and disadvantages of innovations. These
social interactions foster a form of trust and camaraderie that can greatly influence
the decision to adopt an innovation.
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Furthermore, geographic proximity helps mitigate some of the costs often associated
with adopting new practices. By reducing the distances to access support services,
resources, and the training needed to implement innovations, farmers can save on
transportation and logistics costs. In addition, proximity can also mitigate the risks
inherent in adopting new techniques, as farmers can evaluate the performance of
innovations in a familiar local context, which provides them with a certain level of
security and predictability.

Our study results highlight the critical importance of social proximity to innovation
adopters, a key element that significantly influences farmers’ adoption of new
practices and technologies. The data reveal that an overwhelming majority of 73.8%
of agro-dealers agree that social proximity has a substantial positive effect on farmers’
likelihood to adopt innovations.

This element raises interesting questions about the social dynamics surrounding
decision-making in agriculture. The interpersonal relationship between farmers and
innovation adopters, whether they are other farmers or industry professionals, is a
key factor in the adoption process. Indeed, when a farmer observes his peers —
neighbours, colleagues, or friends — using an innovation and expressing satisfaction
with it, he is much more likely to consider and try the same innovation. This is
explained by a well-known psychological phenomenon, where the impact of social
norms and observed behaviours in one's immediate environment can strongly
influence individual attitudes and decisions.

In addition, this social proximity promotes the sharing of authentic and concrete
experiences relating to the results and benefits associated with the use of the
innovation. Informal exchanges between farmers create an environment conducive to
mutual learning and the dissemination of knowledge, thanks to the establishment of
trusting relationships. Farmers are often more receptive to recommendations and
advice from people with whom they have close relationships, which means that they
are likely to openly discuss the advantages and disadvantages of the innovations
tested.

Social relationships should not be underestimated when it comes to boosting the
adoption of innovations in the agricultural sector. Not only does it create fertile
ground for constructive exchanges, it also strengthens the credibility of innovation
messages. By revealing an influential and engaged social network, sector stakeholders
can therefore better orient their technology diffusion strategies, by integrating
approaches that value and exploit these proximity relationships.
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Geographic proximity to innovative areas appears to be an essential key factor in
fostering the adoption of innovation, as affirmed by an impressive 92.3% of the
artisans surveyed. This statistic underlines the importance of dynamic and creative
environments, where new ideas and emerging technologies abound, by facilitating
access to information, resources and networks of expertise. By being located near
these innovation hubs, artisans not only have the opportunity to draw inspiration from
best practices, but also to benefit from collaborative synergy with other actors,
whether entrepreneurs, academics or research centers.

This dynamic can reduce the barriers to entry related to the adoption of new
technologies, as artisans can directly observe the successes and failures of their
neighbors, which helps them to assess the risks and benefits associated with
innovation. In addition, social proximity plays an equally crucial role in the decision-
making process of adopting innovation. Indeed, according to 76.9% of the study
participants, interactions with individuals who have already integrated innovations
into their practices are perceived as a determining factor.

This social distance translates into an exchange of experiences, advice and valuable
feedback that can facilitate the acceptance of new ideas. An artisan can benefit from
the informal learning that these interpersonal relationships provide, reassuring
themselves about the feasibility of innovation through concrete testimonies.

In addition, the creation of a social support network around innovators helps to build
trust and minimize apprehensions about upcoming changes, thus encouraging even
more artisans to consider integrating new innovative solutions. In short, the
combination of geographical proximity to innovation centers and social proximity to
early adopters constitutes a powerful catalyst for accelerating the innovation process
in the agricultural sector.
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11. Farmer's vision of innovation

In our in-depth survey to understand farmers’ views on agricultural innovation, we
gathered crucial information on their perceptions and expectations regarding new
technologies and practices. Agricultural stakeholders were able to identify several key
points that illustrate their relationship with innovation.

On the one hand, an impressive 58.2% of farmers surveyed expressed their belief that
these innovations represent a real competitive advantage. They believe that adopting
new techniques can significantly contribute to improving their market position,
allowing them to optimize their production and, consequently, increase their income.
On the other hand, farmers also perceive innovations as essential levers for reducing
production costs, a major concern in a sector where the profit margin is often narrow.
Indeed, 67.3% of participants highlighted that implementing innovative processes or
tools can save on various aspects of production, whether through better resource
management, increased automation or the adoption of more sustainable practices.
This dynamic aims not only to increase profits but also to make their activity more
resilient to market fluctuations.

However, a revealing element was observed regarding farmers’ perceptions on
another fundamental aspect of innovations: their ability to reduce risks associated
with crops and production systems. Indeed, only 27.3% of participants were optimistic
that some agricultural innovations could offer effective solutions to mitigate these
risks. This raises a significant concern, as the ability to produce consistently and
reliably over a long period is crucial for the economic sustainability of farms.

This finding raises questions about farmers’ attitudes towards the environmental and
economic risks associated with the adoption of innovations. While technological
advances have the potential to transform agricultural practices, it also seems
necessary to consider environmental issues, impacts on biodiversity and natural
balances, and the long-term sustainability of production systems. Farmers may need
more support and information on how innovations can be integrated safely and
responsibly, in a way that promotes not only their immediate economic success but
also the sustainability of their farms and the health of surrounding ecosystems.
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The fundamental element that motivates farmers to adopt innovations in their
agricultural practices, from the point of view of artisan manufacturers, is undoubtedly
the need, as indicated by their experience and observations in the field. Indeed,
according to a study conducted among these professionals, the need turns out to be
the main motivation for 23.1% of them. This concept underlines the crucial
importance of adaptation to the practical and immediate necessities encountered
during agricultural production. Artisans know very well that innovations can only be
justified if they provide a real response to specific challenges, such as improving yields
or resource management. After the need, we see that imitation of successful examples
also plays a significant role in the adoption of new practices, representing 19.2% of
the stated motivations.

Artisans strive to learn from the successes already experienced by others, which
reduces the risks associated with experimenting with new techniques. Adopting
proven strategies can therefore be seen as a way to protect against the uncertainty
inherent in agriculture, while remaining competitive in the market.

Furthermore, the attempt to compensate for the lack of resources, also estimated at
19.2%, highlights that many farmers find themselves forced to seek innovative
solutions in the face of financial or material limitations. This quest for innovation
becomes essential to overcome obstacles that could otherwise harm the productivity
and viability of their farms.

Economic considerations, such as minimizing production costs and reducing the time
and effort required for agricultural operations, appear as equally crucial factors, each
accounting for a weight of 15.4%. Farmers are constantly looking for ways to optimize
their resources, as effective management of time and expenses can directly affect
their profitability.

It is also relevant to note that supply and demand aspects seem less decisive in this
process with only 11.5% of causes identified. This may reveal a view rooted in
operational reality, where farmers move more in response to personal needs than in
response to changing market conditions.

As for technological development, it occupies the last place in the order of priorities
with only 3.8%. This may suggest that, even if technological innovation is recognized
as a key factor for transformation, farmers in El Oued remain cautious about its
adoption, often preferring less risky and more proven methods, perhaps due to
financial concerns or a lack of confidence in their ability to effectively integrate these
technologies into their practices.
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Farmers in the El Oued region base their approach primarily on facilitating agricultural
operations, drawing inspiration from concrete successes on the ground.

Their decision-making is thus pragmatic and influenced by a mix of personal
experience, economic context and immediate needs. They avoid adventure in favour
of proven solutions, while navigating a complex landscape where market pressures
and their financial capacities dictate their ability to evolve and innovate. This reality
illustrates not only the challenges they face but also their resilience and ingenuity in
adapting to the demands of the agricultural sector.

A crucial aspect that deserves special attention in our study is the central role of agro-
input traders, who were explicitly mentioned by participants as influential actors.
These traders were indeed accredited for their significant impact on the decisions
made by farmers, which led us to question the perceptions and opinions of farmers
themselves regarding the adoption of agricultural innovations.

On the one hand, it is essential to note that sellers of agricultural inputs interpret
farmers' behavior as a manifestation of the collective intelligence of the region's
inhabitants.

According to them, this adoption of innovations is not simply the result of a desire for
improvement, but also a pragmatic response to daily challenges, including the lack of
material resources and mechanization in agricultural practice. Indeed, 47.6% of the
responses collected confirm this: farmers adopt innovations not out of a pure desire
to innovate, but often out of necessity, due to the constraints on their activities.

On the other hand, the analysis of the results reveals a dual logic of imitation and
adaptation. About 50% of traders believe that the adoption of innovations is based on
observing and imitating successful examples, whether from other farmers in the
region or practices that have proven their effectiveness elsewhere.

This phenomenon highlights the importance of information networks and exchanges
within farming communities, where successes can serve as models to follow.
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Furthermore, a significant portion of respondents, 40.5%, considers that the choices
made by farmers are logical and appropriate decisions. This highlights the ability of
farmers to assess their situation and act rationally in a difficult context. Indeed, this
pragmatic approach allows farmers to optimize their production by drawing on
available resources, even limited ones, and to adopt innovative solutions that directly
meet their needs.

Therefore, it is legitimate to conclude that the dissemination of innovations in El OQued
cannot be considered without taking into account the specific context of need and
scarcity of resources, as well as the difficult production conditions faced by farmers.

These interconnected elements, combined with the dynamics of imitation and the
pragmatic logic of agricultural decisions, paint a complex but illuminating image of the
factors that influence the adoption of innovations in this region.

This finding also opens avenues for future research on the mechanisms of innovation
in agricultural systems, and the policies to be considered to support this dynamicin a
more structured and effective framework.
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12. The sustainability of practices among farmers, and the
measurement of effectiveness.

According to professional stakeholders in the agricultural sector, it is apparent that
farmers have different assessment capacities regarding the impact of agricultural
innovations, particularly regarding the financial and quantitative dimensions of new
practices. Indeed, the data collected reveal that the two main assessment criteria used
by farmers are the quantity of products harvested and the financial returns resulting
from these innovations. For 96.4% of farmers' responses, these two aspects are crucial
indicators for measuring the success of the adoption of new techniques or
technologies.

However, a notable contrast emerges when examining farmers' capacity to assess the
sustainability of innovations. With a rate of only 64.8%, it appears that the
consideration of environmental dimensions is largely below that given to financial and
guantitative results. This observation suggests a significant gap in farmers' awareness
of sustainability issues, which could be linked to a dominant commercial investment
mentality in the region.

Indeed, in many contexts, farmers tend to view agriculture primarily as a source of
short-term income, which may lead them to favour innovations that generate
immediate returns at the expense of a more in-depth assessment of long-term
environmental impacts.

This situation may also reflect a lack of training and information on tools and methods
to measure the sustainability of agricultural practices. Farmers, often facing economic
pressures, may be hampered in their ability to analyse environmental impacts, which
are considered less urgent than financial concerns.

Moreover, the absence of incentive policies to integrate sustainability indicators into
the innovation assessment process may exacerbate this tendency.

Farmers’ perceptions of agricultural innovations are a complex phenomenon,
influenced by a diverse selection of interconnected factors. These perceptions are not
homogeneous and vary widely across several parameters, each of which has a
significant impact on how farmers welcome new methods or technologies.

Our study participants highlighted key elements that appear to play a crucial role in
this dynamic. First, farmers’ previous experiences, cited by 96% of participants, appear
to be a predominant factor. Indeed, past successes or failures in adopting new
techniques or equipment can profoundly influence their willingness to try future
innovations.

A farmer who has already experienced positive results will be more inclined to adopt
changes, while those who have experienced disappointments may develop a more
skeptical disposition.
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Farmers’ level of education, reported by 73% of respondents, also plays a significant
role. Higher education can foster a better understanding of innovations, thus
increasing confidence in their potential benefits. In addition, adequate training can
enable farmers to better assess the relevance of an innovation in their specific
context, thus enabling them to make informed decisions.

Another important element is the level of financial ease of farmers, mentioned by 95%
of respondents. Access to adequate financial resources often determines a farmer's
ability to invest in new technologies. A farmer with limited financial means will be less
inclined to take the risk of adopting an innovation whose profitability he doubts. On
the other hand, those with sufficient financial resources are more likely to experiment
with new methods, believing in their long-term profitability potential.

The farmers' wide network of relationships, highlighted by 70% of respondents, is
another determining factor. Interactions with local managers, professional
organizations and agricultural cooperatives allow an exchange of information and
experiences, fostering a climate of trust towards innovations. These social
relationships can thus serve as catalysts, encouraging the testing of new ideas based
on the testimonies and feedback from their peers.

Farmers’ perceptions are strongly influenced by the relationship between the cost and
the benefit of the innovation, which 84% of respondents referred to. This notion of
proportionality is crucial: if the initial investment seems too high compared to the
anticipated benefits, farmers are likely to reject the idea of adoption. On the contrary,
an innovation perceived as profitable and advantageous can quickly gain popularity.

Also, it is clear that farmers’ perceptions of agricultural innovations are the result of a
complex interaction between their experiences, their educational level, their financial
situation, their networks of relationships, as well as their assessment of costs and
benefits. Each of these factors contributes to shaping a nuanced and interconnected
landscape, influencing not only individual decisions to adopt innovations, but also the
general evolution of agricultural practices.

The results of the survey conducted among seed merchants provide valuable insights
into farmers’ perceptions of the adoption of new technologies in the agricultural
sector. Indeed, a remarkable 83.3% of respondents say they are in favor of the idea
that farmers have a significant capacity to integrate these technologies into their daily
practices. This massive support highlights not only an open-mindedness, but also a
tangible desire to evolve in a constantly changing agricultural environment.

It is essential to understand that this adaptability is not the result of chance, but rather
the result of an urgent need. Faced with the growing challenges posed by climate
change, market fluctuations, and increasing food demand, agriculture is forced to seek
innovative solutions to maintain its competitiveness. New technologies, whether
precision agriculture, geographic information systems, or agricultural robots, offer
powerful tools to optimize production and minimize costs.
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Furthermore, farmers are proving to be innovators in their field. They are often at the
forefront of testing new methods and tools, seeking to improve not only their yields,
but also the sustainability of their agricultural practices. This proactive attitude
towards innovation demonstrates a commitment to the continuous improvement of
their practices and results. By integrating technological innovations, farmers are not
simply seeking to comply with standards, but are truly aspiring to transform the way
they work, diversify their practices and increase their efficiency. This reveals a dynamic
of learning and adaptation that is crucial in a sector where conditions can change
quickly and unpredictably.

Thus, farmers' acceptance and enthusiasm for new technologies illustrate a key trend:
that of resilient agriculture, capable of innovating and reinventing itself in the face of
a constantly changing environment. These results suggest that, to support and
strengthen this dynamic, it would be wise to continue to encourage training and
awareness-raising initiatives for new technologies, in order to maximize the benefits
of this openness to innovation.

Similarly, 76.9% of the artisans participating in the study believe that farmers have
both the capacity and the disposition to adopt and experiment with new technologies.
This openness to innovation is subject to a fundamental criterion: the technologies
must first have been tested in the field and validated through concrete
demonstrations. This observation highlights the fact that farmers, far from being
reluctant to change, are on the contrary driven by a strong desire to improve and
optimize their working methods.

Indeed, this willingness to experiment among farmers is part of a broader dynamic of
modernizing agricultural practices. It reflects a heightened awareness of the
contemporary challenges they face, such as climate fluctuations, the need to
maximize crop yields, and the need to meet growing demand for sustainable, quality
products.

This context therefore fosters a culture of continuous learning, where farmers seize
every opportunity to develop their skills and enrich their knowledge. This positive
sentiment toward new technologies is accompanied by a willingness to make
thoughtful investments.

Farmers show a strong interest in technological advances that could bring them
substantial benefits. This commitment to innovation pushes them to seek training,
participate in seminars, or partner with research institutions to better understand and
integrate these technologies into their farms.

Agricultural input dealers were also asked to provide a typical perception of farmers
who are prone to innovation. The results are shown in the Figure below.
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Figure 21: The characteristics of an innovative farmer from the perspective of
agricultural input sellers

Figure 21 illustrates the different characteristics of an innovative farmer, a profile
clearly highlighted by agro-input traders. The latter have identified a specific typology
of farmers likely to adopt innovative practices. This typology is defined by a specific
combination of traits that promote and facilitate the integration of innovation in their
agricultural activities.

First, one of the predominant characteristics of these farmers is their youth, with
52.40% of them being under 40 years old. This data reveals an interesting dynamic in
the agricultural sector, where youth is often synonymous with flexibility, openness to
change and enthusiasm for trying new methods and techniques. These farmers bring
with them renewed energy as well as a willingness to explore unconventional
approaches, which is crucial in a constantly changing environment.

Experience should not be underestimated, as 40.50% of innovative farmers already
have a significant record of accomplishment in the agricultural field. This experience
gives them a solid frame of reference to assess the risks and uncertainties inherent in
innovation. By being sufficiently experienced in the face of the vagaries of the
profession, these farmers can make informed decisions and adopt innovative
practices with greater confidence.

Another essential aspect of this innovative farmer profile is their tendency to be multi-
active. Nearly 31% of them carry out several activities simultaneously, which allows
them to diversify not only their sources of income, but also their knowledge. This
diversification is strategic: it not only reduces financial risks in the event of market
fluctuations, but it also allows them to benefit from synergies between different
activities, thus enriching their experience and adaptability to the challenges of the
agricultural market.
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The active presence of these farmers on social networks is particularly revealing of
their commitment to innovation. With 59.50% of them being subscribed to various
social platforms, these farmers use these tools to exchange knowledge, share
experiences and keep themselves informed of the latest trends and innovations in the
agricultural field. This demonstrates a willingness to learn from each other and
integrate innovative solutions from various collaborations.

It is worth mentioning that a small proportion of them, representing 4.80%, actively
participate in associative activities or professional organizations. This engagement in
groups or unions not only offers them a platform to share their experiences and realize
synergies, but also the opportunity to defend their collective interests and contribute
to the evolution of agricultural practices on a broader level.

This sense of community and belonging strengthens their innovation capacities and
the exchange of ideas, thus fostering an environment conducive to innovation.
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Discussion of the Results

Professional agricultural stakeholders of El Oued share a clear vision of the innovative
dynamics within the agricultural sector, attributing a leading role to farmers and
sellers of agricultural inputs. Indeed, according to the data collected, 71.4% of the
professionals surveyed believe that farmers are the real drivers of agricultural
innovation, thus confirming their central position in the process of adopting and
disseminating new practices and technologies. Similarly, 48.2% of respondents
emphasize the importance of sellers of agricultural inputs, who play a facilitating role
by providing products and services essential to the implementation of these
innovations.

These observations contrast with the conclusions of the study conducted by Bouzid et
al. in 2020, which identified government institutions as the main catalysts of
innovation in the sector. This raises questions about the role of public policies and
their support or hinder the innovative momentum of field actors. It is relevant to note
that artisans, although as peripheral actors, are also perceived as a significant driving
force of innovation, with 23.1% of respondents explicitly citing them. This indicates a
recognition of their creativity and their ability to respond to the specific needs of the
sector, providing practical and adapted solutions that promote the evolution of
agricultural practices.

The interaction between rural communities and actors in the agricultural sector is
highlighted as a dynamic and essential element to stimulate innovation. This
perspective is corroborated by the results of a recent study conducted by Lezreg et al.
in 2022, which states that innovation comes from a multitude of social and
institutional interactions. This highlights the importance of a collaborative
environment where the exchange of ideas and synergies between different actors can
enrich the innovation process.

The role of the market is also crucial in this context. Indeed, the way farmers interact
with their economic partners significantly influences their propensity to adopt new
techniques. The results of the study by Bouzid et al. in 2020 reveal that farmers
specializing in cereal cultivation are reluctant to adopt innovative methods, often due
to their dependence on a single economic partner for the sale of their production.

This finding highlights the challenges related to the diversification of outlets and
opening up to new distribution channels, which could nevertheless promote greater
adoption of innovations and strengthen the competitiveness of the agricultural sector
in El Oued.
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It appears that innovation in the agricultural sector is the result of a complex
ecosystem where various actors, from farmers to artisans, including economic
partners and institutions, intersect. This dynamic requires special attention in order to
create an environment conducive to innovation, which is based on solid interactions
and mutually beneficial exchanges between all stakeholders.

The decision to adopt an innovation in the agricultural sector is a complex process
influenced by various factors, among which economic aspects occupy a prominent
place. The costs associated with innovation, the expected benefits and the need to
adapt agricultural practices to contemporary requirements represent crucial elements
that shape farmers' choices. Interestingly, these elements can appear contradictory,
especially when the anticipated benefits of an innovative technology or method seem
out of step with the initial costs invested.

In our study, our results corroborate the conclusions of Bouzid et al. (2020), who
highlight that farmers are often motivated to adopt innovations because of the
benefits they offer. However, we disagree on some points of their analysis, particularly
regarding the relationship between farmers’ financial affluence and their propensity
to integrate innovations into their practices.

Bouzid et al. (2020) argue that financial affluence is not a determining factor. On the

other hand, they indicate that the area cultivated is a key element in the adoption
decision, an assertion that is not echoed in our results. Conversely, we align with the
findings of Maghni and Oukaci (2018) as well as Mabah Tene et al. (2013), who
highlight the importance of innovation costs as a decisive criterion for farmers.

It is also relevant to highlight that farmers’ risk culture plays a crucial role in their
decisions. Indeed, farmers often have a low risk tolerance, which leads them to favor
innovations deemed safe and likely to bring tangible benefits in the short term. This
trend resonates with the findings of Maghni and Oukaci (2018), who also observed
this propensity to adopt innovations perceived as low risk.

Other non-economic factors, such as time management, perceptions of the field, prior
knowledge and experience acquired in the sector, also exert a significant influence on
the adoption decision. These elements are in line with the results of Mabah Tene et
al. (2013), who highlight the importance of a base of skills and knowledge in the
integration of new technologies.
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However, a major obstacle to innovation in the agricultural sector remains the lack of
adequate financing for innovative projects. This lack of financial resources can hamper
entrepreneurial initiatives, as repeatedly highlighted by Maghni and Oukaci (2018)
and Bouzid et al. (2020), particularly with regard to access to credit. Although Lamani
and llbert (2016) acknowledge that there are various financing opportunities for
innovative projects, the lack of adequate financial support remains a significant
challenge that can deter farmers from adopting innovations. The dynamics of
innovation adoption in the agricultural sector are shaped by a set of interrelated
factors ranging from economic considerations to more subjective elements related to
risk perception and personal experience.

The study results highlight that farmers consider a diverse set of characteristics when
deciding to adopt an innovation in their agricultural practices. First, the level of
complexity of the innovation plays a key role in this dynamic. Indeed, if an innovation
is deemed too complex or difficult to implement, farmers are unlikely to choose to
adopt it, fearing that it will lead to unforeseen difficulties or failures in their operation.
This complexity can also manifest itself in various forms, such as the use of new
technologies, modified management procedures, or the need to acquire specific skills.

Another crucial factor is the possibility of trying out the innovation before committing
fully. This ability to test the innovation in a limited setting allows farmers to assess its
effectiveness and its adequacy with their existing practices. A pre-test reduces
perceived risks and gives farmers the confidence to proceed with adoption, knowing
that they have had the opportunity to experiment without committing fully.

Adapting the innovation to the specific needs of farmers is also a key dimension.
Innovations that do not take into account local realities, crops grown or traditional
methods may not find their place on farms. Thus, a good understanding of farmers’
needs and contextual production contexts is necessary for the innovation to be
perceived as relevant and beneficial.

The ability to visualize the results that the innovation can generate is another
determining aspect. Farmers are often motivated by tangible and measurable
benefits. If an innovation does not allow for clear gains in terms of yield, cost
reductions or quality improvements to be anticipated, the adoption of this innovation
could be compromised.

The time required to observe the beneficial effects of an innovation is an element that
farmers must also consider. In a sector where decisions often have to be made quickly
based on crop cycles and climatic conditions, an innovation that requires a prolonged
adjustment period before producing results may be less attractive. Farmers generally
prefer solutions that offer rapid returns on investments.

123



CHAPTER 11l / RESULTS & DISCUSSIONS

At the same time, artisans, although in a different sector, share similar concerns about
the characteristics that influence their decision to adopt an innovation. However, their
perception may vary regarding the importance of the possibility of experimenting with
an innovation. For them, prior exploration of new techniques or products may be
perceived as less crucial compared to other factors, such as the immediate impacts on
their production or feedback from other users. This divergence shows the importance
of understanding the specific contexts and dynamics of each professional group, in
order to adapt innovation diffusion strategies in the sectors concerned.

Farmers often make the decision to adopt innovations based on motivations deeply
rooted in their social and environmental context. This trend highlights a key aspect of
the adoption process, emphasizing that community and environmental factors can
sometimes outweigh more institutional influences, such as those exerted by
government agencies. Indeed, the results of our study indicate that 80% of the farmers
surveyed emphasize the importance of neighborhood effects and the social mentality
prevailing in their region. This suggests that adoption decisions are not made in a
vacuum, but are rather shaped by collective dynamics and social interactions within
rural communities. This observation seems to contradict the work of Maghni and
Oukaci (2018), as well as those of Bouzid et al. (2020), who assert that government
agencies are the main source of innovation for farmers.

On the other hand, our results are in line with those of Mabah Tene et al. (2013), who
highlight the significant impact of social effects on adoption decisions. Indeed, social
networks, informal recommendations and practices implemented by other farmers
will play a determining role in how farmers perceive and adopt new technologies.
These interrelations reinforce the idea that agriculture is a social as well as an
economic activity, where knowledge sharing and community mutual aid are essential.

However, it is important to note that personal motivations related to ambition and
adventure-seeking in the adoption of innovations seem to play a less prominent role.
Farmers are often more attracted to innovations that promise a clear competitive
advantage, such as improved yields or reduced costs. This underlines a pragmatic
approach in their decision-making: although innovation is popular, it must meet
tangible and measurable needs.

On the other hand, the study also reveals a certain reluctance to adopt innovations
that are considered too new or excessively costly. This hesitation can be explained by
fear of the unknown and risk aversion, factors that can slow adoption even when
innovations could potentially bring benefits. These results are consistent with the
findings of Mabah Tene et al. (2013), who also discuss the need for innovations to
reassure farmers about their economic viability and their adaptation to proven
agricultural practices.

124



CHAPTER 11l / RESULTS & DISCUSSIONS

The dynamics of adoption of innovations among farmers turns out to be a complex
process, where social motivations, community interactions and pragmatic
considerations play a central role, challenging more traditional assumptions that
emphasize the influence of formal institutions.

The results of our study highlight the significant role of social interactions,
informational resources as well as environmental factors in farmers' decision to adopt
technological innovations. Our findings corroborate previous work that has
demonstrated that previous experience as well as imitation of colleagues and
neighbors play a crucial role in farmers' decision-making regarding the adoption of
new practices or technologies (Bouzid et Al., 2020). Indeed, the influence of peers in
the agricultural environment cannot be underestimated, as farmers tend to rely on
their observations and social network to assess the potential benefits of innovations.

Furthermore, our study revealed that the use of the Internet, combined with regular
exchanges with experts and agricultural advisors, emerges as a determining factor for
farmers wishing to make informed decisions. These digital platforms offer farmers
access to a wealth of information, ranging from case studies to proven practices,
which is crucial in a context where the speed of technological change is constant.

Nevertheless, it should be noted that our results present a contrast with some
previous works that attribute a limiting responsibility to the relationships established
with public agricultural advisory and research organizations in terms of the diffusion
of innovations (Bouzid et al., 2020). According to these works, such institutions could
sometimes hinder innovation processes due to their communication methods or their
resistance to change.

At the same time, our study highlights the idea that the influence exerted by
environmental factors cannot be attributed to a single isolated element. On the
contrary, the adoption of innovations often results from a complex and
interconnected combination of several factors. This is in line with the findings of
Eastwood et al. (2017) who highlight that the dynamics of adoption are shaped by a
set of variables, such as climate, topography, local cultural practices and economic
expectations. It is also essential to note that the initial uncertainty in adopting new
technologies tends to diminish over time. As some farmers within the same region
begin to adopt an innovation and gain experience with it, they become references for
their peers. Indeed, the example and positive results of these early adopters
encourage other farmers to consider similar practices (Mabah Tene et al., 2013).

This phenomenon of imitation and sharing of experiences enriches discussions around
the challenges faced by farmers, thus consolidating the importance of social
interactions and information exchanges in the decision-making process related to
agricultural innovation. This highlights the need for actors in the agricultural sector to
create environments conducive to knowledge sharing and collaboration, in order to
facilitate the diffusion of innovations in rural areas.
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Digitization and the increasing use of the Internet play a fundamental role in the
diffusion of agricultural innovations within the state. This technological change has
transformed communication and information exchange practices between farmers,
researchers and institutions. Participants in our surveys express increased trust in
social networks, specialized websites and informal meetings, which are perceived as
reliable and relevant sources of information. This trend contrasts sharply with the
results of the work of Bouzid et al. (2020), who mainly identified agricultural advisors
and government institutions as the information channels preferred by farmers.

This shift towards increased reliance on digital tools highlights an important transition
in the agricultural landscape. However, it is essential to recognize that, despite the
growing importance of technology, agricultural institutions in the wilaya have not yet
managed to fully exploit digital tools to effectively disseminate information and
knowledge. Government officials, while acknowledging that the Internet is today the
most effective tool for the dissemination of innovations, also admit that government
commitment to the use of these new platforms is still insufficient. This situation recalls
the findings of Bouzid et al. (2020), who highlighted the lack of investment and
institutional commitment in the use of digital resources to improve services offered
to farmers.

Looking at other actors in the field, it appears that artisans are not yet taking full
advantage of digital tools. Only 46.2% of them actively use social networks to get
information or share knowledge, while only 30.8% actually publish their innovations.
In addition, a modest 26.9% have people dedicated to sharing their innovations via
these same social networks. These figures highlight the crucial importance of
developing training and awareness initiatives to encourage the use of digital tools
within the sector.

It has become imperative to continue digitalization efforts in the agricultural sector
to promote the adoption of innovations and improve communication between all
stakeholders. By investing in digital education and facilitating access to online
resources, we could create an environment conducive to collaboration and the
exchange of ideas, which could ultimately strengthen the competitiveness and
sustainability of agriculture in the wilaya. Such an approach would not only improve
the individual performance of farmers and artisans, but would also contribute to the
overall evolution of the agricultural sector towards a more modern and connected
approach.

Farmers play a central role in the agricultural ecosystem, acting as key actors who not
only influence their own decisions, but also exert significant influence on the choices
of other farmers. This study reveals that 38.89% of the mentions relate to their impact,
reflecting similar findings found in various previous research, including those by
Temple et al. (2011), Klerkx et al. (2012) and Mabah Tene et al. (2013). These studies
highlight the extent to which farmers are interconnected, often motivated by
exchanges of information, experiences and good practices within their communities
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In addition, other actors, such as seed merchants and artisans, also play notable roles
within the agricultural value chain. Their expertise and ability to provide essential
resources to farmers contribute to the development of efficient and sustainable
practices.

However, it should be noted that the influence of government institutions, engineers
and market actors is relatively weaker. This finding is corroborated by results from
studies conducted by Bouzid et al. (2020), which show that, despite their sometimes
crucial role in developing policies and standards, these actors do not exert sufficient
pressure to guide farmers' daily decisions.

Furthermore, cooperation between farmers to develop innovations is seen as a
promising possibility by the majority of field experts consulted. However, opinions
differ on how to implement this cooperation, highlighting a need for unity and a
common vision facilitated by clear collective structures.

This issue deserves special attention, as many professionals insist on the crucial
importance of such initiatives to lighten farmers' workload and improve their
production conditions. Studies, such as those by Temple et al. (2011), Klerkx et al.
(2012) and Mabah Tene et al. (2013), also confirm that agricultural associations and
cooperatives play a key role in the dissemination and adoption of new agricultural
techniques. This dynamic is particularly valid in small, isolated communities, where
trust and social interactions strengthen the effectiveness of these organizations.

Interestingly, despite the existence of a considerable number of agricultural
associations (56 in total) and cooperatives (33 identified), their impact and activities
vis-a-vis farmers are still considered insufficient.

This suggests an untapped potential in the future, where these organizations could
play an even more central role in rural development. By strengthening their presence,
resources and support, it is expected that their influence on agricultural practices will
increase, which could lead to more collaborative and innovative approaches, essential
to address contemporary challenges in the sector. In sum, collaboration and mutual
assistance within agricultural communities appear to be indispensable levers for the
development of a sustainable and dynamic sector, and it is imperative to continue to
promote and encourage these collective dynamics.

Agricultural input dealers occupy a key position in modern agricultural dynamics,
playing a crucial role in the dissemination of promising technologies and ensuring
proactive awareness on the ground. Indeed, their function is not limited to simply
selling products; they also provide valuable support to farmers by providing practical
advice, strategic guidance and regular monitoring of the application of agricultural
techniques. These direct interactions with farmers allow them to understand the
specific needs and challenges that producers face, thus promoting a more effective
adoption of agricultural innovations.
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The results of our study corroborate the conclusions of previous research, notably
those carried out by Laouar et al. (2023), which highlight the importance of this link in
the agricultural sector. It is clear that input sellers, thanks to their expertise and
proximity to farms, can help stimulate innovation by providing personalized support
adapted to the realities on the ground for farmers. This support can take several
forms, including technical advice on the optimal use of inputs, crop management and
investment decisions. In addition, the payment facilities that these sellers are able to
offer, as highlighted by Bouzid et al. (2020), constitute a major asset in enabling
farmers to access the necessary inputs without encountering financial barriers that
could slow down their projects.

To go further in improving access to agricultural inputs, the development of new
business models appears as an innovative response to the imperfections that
characterize the markets for credit and technical advice. Daoudi (2016) notes that
these imperfections can often lead to an underuse of available technologies, thus
limiting the growth potential of farms.

Initiatives aimed at creating more inclusive distribution systems, combined with more
flexible financing options, can thus play a decisive role in boosting agricultural
practices and promoting sustainable and profitable agriculture. In short, the role of
agricultural input sellers goes well beyond simple marketing; they are key actors in the
transformation of the agricultural sector, contributing both to innovation and to
improving farmers' living conditions. Artisans occupy a prominent place in the
dynamics of agricultural innovation, acting as fundamental pillars in the design and
production of machines and equipment specifically adapted to the varied and often
complex needs of farmers (Ould Rebai et al., 2017).

Their role goes far beyond simple manufacturing; they stand as true partners in
agriculture, intimately understanding the challenges that farmers face in the field.
When interviewed, these artisans highlight several determining criteria that influence
farmers' choices when searching for technical solutions.

On the one hand, the very nature of the problem encountered by the farmer plays a
central role in this process. Artisans take the time to listen and understand the specific
issues that arise. On the other hand, direct dialogue between the artisan and the
farmer is crucial. This interaction allows artisans to gather valuable information and
share their expertise, while establishing a relationship of trust based on reputation
and recognized experience in the field. Farmers are often inclined to collaborate with
those who not only have technical expertise but also have a proven track record in
similar contexts.
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The materialization of artisans’ innovative ideas relies on close cooperation, not only
with farmers, but also with other artisans. This includes the co-design of multifaceted
solutions, where collective knowledge is leveraged to create equipment that precisely
meets the requirements of modern agricultural work. Through open dialogue and a
continuous exchange of ideas, artisans are able to innovate effectively, making their
creations not only functional but also adapted to the real needs of farmers.

Their determination to produce complex machines is remarkable. Artisans are able to
create prototypes and models based on detailed illustrations and diagrams that reflect
their design process. This is a testament not only to their technical mastery, but also
to their ability to adapt to changes and new demands in the agricultural sector. Their
creativity is often fueled by their curiosity and desire for continuous improvement,
essential characteristics in a constantly evolving field.

It is worth mentioning that artisans’ passion for their craft and their commitment to
developing innovative solutions are deeply rooted in their educational background
and social environment. Formal or informal education, community exchanges, as well
as artisanal traditions passed down from generation to generation, fuel their desire to
design tools that make a real difference in the practice of agriculture. In short, thanks
to their expertise, creativity and passion, artisans play a crucial role in transforming
and optimizing agricultural practices, thus consolidating their position as key players
in innovation in this vital sector.

The results of the study highlight the fundamental importance of geographical and
social proximity in the adoption process of agricultural innovations. Regarding
geographical proximity, it is found that when innovations are applied close to farms,
this greatly promotes their diffusion. Farmers then have the opportunity to go directly
to the application sites to observe the results and methods in action.

This field experience also allows them to interact directly with other users of these
innovations, thus promoting the exchange of practices, advice and ideas. These face-
to-face interactions strengthen the understanding and acceptance of new techniques,
creating an environment conducive to their adoption. At the same time, social
proximity plays an equally crucial role. It establishes a relationship of trust between
farmers, making it possible to share experiences and practical results related to the
use of innovations.

When farmers come from close social or family networks, they are more likely to rely
on the recommendations and testimonies of their peers, which strengthens their
confidence in the proposed innovations. This dimension of social proximity is not
limited only to personal relationships, but also encompasses community dynamics
that facilitate collective learning and mutual assistance between farmers.
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These findings are consistent with previous research, which has also demonstrated a
significant link between the adoption of new agricultural practices and the social and
family fabric of farmers, as indicated by the work of Mabah Tene et al. in 2013.
However, it is important to emphasize that these results are not sufficient to account
for the complex intertwining of social relations and sociotechnical dynamics that
influence innovation processes.

According to Ould Rebai et al. in 2017, there are a multitude of social, cultural and
technical factors that interact in the adoption of agricultural innovations, and these
elements deserve to be studied in greater depth. Sociotechnical network analyses,
which include rigorous monitoring of practices as well as narratives of the actors
involved, such as those presented by Bouzid et al. (2020), Cross et al. (2002), Mahdi
(1993) and Bouzidi et al. (2011), provide a better understanding of these dynamics by
highlighting "invisible social relationships".

These studies thus advocate for a more nuanced and multidimensional approach in
exploring the mechanisms underlying the adoption of agricultural innovations.
Consequently, it is crucial to integrate qualitative research that examines human
interactions and sociocultural contexts into the analysis, in order to develop fully
effective support strategies in the field of innovative agriculture.

Our results confirm the work of Faure et al. (2018) as well as those of Pouch (2015),
which highlight the crucial role of innovation in the agricultural sector. These studies
highlight that in the face of a constantly changing market environment, farmers are
faced with the need to adapt and improve their practices to maintain their
competitiveness.

However, our survey highlighted a significant gap: the consideration of the risks
associated with these innovations as well as their environmental impacts remains
largely insufficient. This finding stands out from the conclusions of previous studies,
which have highlighted the importance of integrating the notion of sustainability into
the innovation process, in order to ensure that technological advances effectively
contribute to preserving our environment and mitigating the adverse effects of
agricultural practices.

Furthermore, our results indicate that various factors influence the adoption of
innovations by farmers. Among them, the facilitation of agricultural operations figures
prominently, as does the limited availability of resources, whether financial or
material. It is also crucial to note that proven success stories on the ground play a
decisive role in boosting the adoption process. This corroborates the observations
made in previous studies, which have also identified these elements as catalysts for
innovation.
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A concerning point raised by our data, particularly those reported by Bouzid et al.
(2020), is the low adoption rate of sustainable production technical innovations. These
results are particularly surprising in light of initial expectations, which predicted a
stronger commitment of farmers to environmentally friendly practices. At the same
time, it is fascinating to look at the specific sector of potato production. Our analyses
reveal that these producers seem to innovate mainly in areas related to marketing,
investing 20 to 35% of their efforts in storage, packaging and exploring new markets.
This trend suggests that innovation can manifest itself in diverse and varied forms,
adapting not only to operational needs, but also to market trends and consumer
behaviors.

Thus, the different agricultural sectors can exemplify innovation trajectories that,
although heterogeneous, reflect a general willingness to adapt and respond to
contemporary challenges. The results of our research reveal a notable willingness of
farmers in the wilaya of El Oued to adopt new agricultural technologies. This adaptive
capacity seems to be strongly corroborated by the testimonies of the farmers
themselves, who clearly indicate that the integration of technical innovations has not
only improved the economic profitability of their farms, but has also had a positive
impact on the yield of their productions (Bouzid et Al., 2020).

However, while this enthusiasm for the adoption of new agricultural practices is
undeniable, our study raises an important concern: the measurement of the impact
of innovations seems to focus almost exclusively on quantitative indicators such as the
qguantity of product harvested and the income generated. This raises questions about
the sustainability of the practices implemented, as this approach is hardly in line with
contemporary environmental priorities that advocate sustainable and
environmentally friendly agriculture. When it comes to disseminating information, it
is clear that farmers favor interpersonal interactions and their own social network.
Indeed, 98% of them identify direct exchanges, particularly with other farmers and
agro-suppliers, as the most effective way to access relevant information and
knowledge (Bouzid et al., 2020).

This dynamic raises questions about formal communication channels and their role,
as shared learning within farming communities could be a vector for significant
progress. Furthermore, our study identified key characteristics that seem to typify
innovative farmers, including their relative youth, their experience in the agricultural
field, a commitment to pluriactivity, and the use of social networks. These elements
constitute significant assets for the adoption of innovations. In addition, it is
interesting to note that our analysis reveals a predominant age group among farmers,
between 31 and 41 years old, as also observed by Mokhnane et al. (2023).
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This trend is consistent with the results of previous studies that have highlighted the
importance of age, professional experience and commitment in promoting innovation
among farmers (Roussy et al., 2015; Mabah Tene et al., 2013).

This suggests that a certain maturity in terms of both age and experience is essential
to foster openness to innovation. However, a surprising aspect of our results is the
lack of correlation between farmers’ associative activity and their propensity to adopt
innovations, which goes against the findings of Szabd (2002).

The latter highlighted the importance of agricultural cooperatives as a means to
overcome farm size constraints and stimulate innovation. This divergence may
indicate a need to further explore the reasons why associative links do not necessarily
translate into wider adoption of innovations, and suggests that alternative
mechanisms to promote innovation and good agricultural practices should be
considered.

Overall, our study offers valuable insights into the motivations and barriers to
innovation in the agricultural sector of El Oued, while highlighting the need to adapt
support strategies to the reality of these farmers.
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CONCLUSION

Sustaining innovation in agriculture depends on several interconnected factors. The
rural community, especially farmers in cooperatives or associations, plays a vital role
through shared experiences that influence perceptions and adoption of innovations.
Market fluctuations, driven by global or local factors, also significantly impact farmers'
decisions by affecting crop profitability. Economic considerations, such as the costs
and expected benefits of new technologies—covering financial, sustainability, quality,
and regulatory aspects—are crucial in the adoption process. Additionally, personal
factors like weather conditions, farmers’ perceptions of their farm needs, and their
prior knowledge and experience influence their willingness to experiment with new
practices.

The characteristics of an innovation influence its adoption; simpler innovations are
more easily embraced, while complex ones may deter farmers. Testing innovations on
a small scale helps reduce risks, and tailoring innovations to farmers' specific needs
increases their relevance. However, a key shortcoming is the limited consideration of
environmental risks, with many farmers prioritizing immediate economic benefits
over potential long-term environmental impacts, which can lead to issues like soil
degradation and water contamination. The National Policy for the Development of
Saharan Agriculture in Algeria offers opportunities to leverage digital platforms, which
enhance the dissemination of innovations and facilitate communication among
farmers, researchers, and institutions. Digitalization can improve access to new
technologies, optimize yields, reduce losses, and promote knowledge sharing, leading
to more sustainable and efficient practices suited to Saharan conditions.

Farmers in El Oued view innovations as vital for increasing yields and gaining a
competitive edge in the market, helping them meet rising demand and access new
markets. Key actors such as farmers, input sellers, and artisans are central to
innovation, with their interactions—shaped by knowledge sharing and local
networks—being crucial for adopting new practices. Promoting innovation requires
considering cultural, traditional, and infrastructural differences across regions to
develop tailored strategies. Providing targeted training and advice enhances farmers’
understanding of new technologies and practices, supporting those already open to
innovation. Facilitating dialogue and experience-sharing among farmers and
stakeholders fosters experimentation, boosts confidence, and encourages adaptation
of innovations to local contexts.

In Algeria, fostering farmers' creativity is essential for increasing productivity,
competitiveness, and supporting economic and social development. Innovation
enables the adoption of sustainable practices amid challenges like climate change and
resource pressure. However, farmers face risks such as market fluctuations and
weather uncertainties, making them hesitant to adopt new techniques. To address
this, systematic initiatives—such as training programs, financial support, and risk
assessment—are needed to promote low-risk, high-reward innovations. Encouraging
idea-sharing through networks and cooperatives can also strengthen collective
innovation, enhancing sector resilience, food security, and farmers' livelihoods.
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Annexe 04 :
Fichier Edition  Affichage Données  Transformer Analyse  Graphiques  Ufilitaires  Extensions  Fenétre  Aide
SHE M e~ Bl BT 596

Nom Type Largeur | Décimales Libellé Valeurs Manguant | Colonnes Align Mesure Réle
1 Q1 Chaine 500 0 _ g s dess Aucun Aucun 33 = Gauche ) MNominales  “ Entrée
2 Q2 Chaine 500 0 iwsdd gl 2 Aucun Aucun 8 £ Gauche g MNominales " Entrée
3 Q3 Chaine 500 0 el A 2l Aucun Aucun 23 = Gauche &) Mominales ™ Entrée
4 Q4 Numérique 8 0 L s Sl i e Aycun Aucun 8 = Droite & Echelle “ Entrée
A Q5 Mumérique 8 0 sk 2l e B0 NONY..  Aucun g = Droite ol Ordinales “ Entrée
6 Q6 MNumérique 8 0 Ly gle 2 U Aucun Aucun g = Droite & Echelle “ Entrée
7 Qr Numérique 8 0 Loz ds ) {0 NON.. Aucun ] = Droite &5 Nominales " Entrée
& Qs MNumérique 8 0 Lol elal B0, NONL..  Aucun & = Droite 4l Ordinales “ Entrée
9 Q9 Chaine 500 0 - panaadll sliy i 3 Aucun Aucun 8 = Gauche g MNominales  “ Entrée
10 Q10 Mumérique 8 0 el el TS Aucun g = Droite ol Ordinales “ Entrée
1 an Numérique 8 0 Ay e {0 NONY.. Aucun 8 = Droite &5 Nominales  “ Entrée
12 Q12 Numérique 8 0 L sasds {0, NON)... Aucun ] = Droite &> Nominales " Entrée
13 Q13 MNumérique 8 0 LSl E&elli s 17{0, NONL..  Aucun g = Droite &> Mominales " Entrée
14 Q1 Chaine 500 0 om0 L Aucun Aucun ] £ Gauche g MNominales  “ Entrée
15 Q15 MNumérique 8 0 s g Ja 100, NONL..  Aucun & = Droite & Nominales v Entrée
16 Q16 Mumérigue 8 0 ol s e Aucun Aucun g = Droite &5 Nominales  “ Entrée
17 Q16_1_1 Mumérique 8 0 gz dalse 16 {0, NONY...  Aucun g = Droite & Nominales " Entrée
18 Q1612 Chaine 500 0 e 73 Jd e 16 Aucun Aucun 17 = Gauche &5 Nominales ™ Entrée
19 Q16 13 Mumérique 8 0 gt 73 Jal e 16 Aucun Aucun g = Droite & Echelle “ Entrée
20 Q16 1 4 Chaine 500 0 g Jals= 16 Aucun Aucun g = Gauche &> Mominales " Entrée
2 Q16 15 Mumérigue 8 0 il Jadg= 16 {1, ENTREP... Aucun g = Droite o Ordinales “ Entrée
22 Q16_1.6 Chaine 500 0 L 78 el e 16 Aucun Aucun g = Gauche & Nominales " Entrée
23 Q1617 Chaine 500 0 e pE Jd s 16 Aucun Aucun 3 = Gauche &b Mominales | ™ Entrée
24 Q16 18 Chaine 500 0 g 78 il e 16 Aucun Aucun g = Gauche & Nominales " Entrée
ac |r;\1r*4n Blisma i o n 10 . A4 LACALYL A o = Dot M Niedimal N Dot |

Vue de donnees | Vue des variables
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Annexe 05 :
Fichier Edition  Affichage Données  Transformer  Analyse  Graphigues  Utilitaires  Estensions  Fenétre  Aide
SEAHNc~» Bl H B 194

MNom Type Largeur | Décimales Libellg Valeurs Manguant | Colonnes Align Mesure Réle
1 NUM_TEL Numérigue 12 0 NUMERO DE T... Aucun Aucun 8 = Droite &5 MNominales ™ Entrée
2 Q1 Chaine 500 0 (godial) =1 Aucun Aucun 8 = Gauche &5 MNominales ™ Entrée
3 Q2 Numérique 8 0 (goaat) el 2 Aucun Aucun 3 = Droite Inconnu “w Entrée
4 (8K Numengue i 0 Lol =l 3 A Aucun g = Uroite Inconnu " Entrée
5 Q4 Numériqgue 8 0 Ll e d A Al ) 1 Aucun 8 = Droite Inconnu “ Entrée
6 Q5 Numérique 8 0 e gt s {0} Aucun 3 = Droite Inconnu “w Entrée
7 Q5.1 Chaine 500 0 b waida 5 Aucun Aucun 8 = Gauche & MNominales  “w Entrée
8 Q52 Numérigue 8 0 ol wed el 00 B Aucun Aucun 8 = Droite Inconnu “ Entrée
9 QB Numériqgue 8 0 fom e § | f¥ 0} Aucun 8 = Droite Inconnu i Entrée
10 Qr Chaine 500 0 gl G all skl T Aucun Aucun 8 = Gauche  §-Nominales  “ Entrée
11 Q8 Numérigue 8 0 el e cal e Y 0} Aucun 8 = Droite Inconnu “ Entrée
12 Q9 Chaine 500 0 et el e 9 Aucun Aucun 8 = Gauche &> Nominales ™ Entrée
13 Q10 Numériqgue 8 0 oo a2 s e 1 Aucun Aucun 8 = Droite Inconnu “ Entrée
14 an Numérique 8 0 LAl gt Y 0} Aucun 8 = Droite Inconnu “w Entrée
15 Q12 Numérique 8 0 il s 12 ~foa=sis 1} Aucun 8 = Droite Inconnu “ Entrée
16 Q13 Numérique 8 0 Lo paaste il o) =2 B Aycun B8 = Droite Inconnu “w Entrée
17 Q14 Numérigue 8 0 ot b 3 fsaesis 1} Aucun 3 = Droite Inconnu “w Entrée
18 Q14.1 Chaine 500 0 LAl i 81344, Aucun Aucun 8 = Gauche - Nominales  “ Entrée
19 Q15 Numérique 0 gk g o lade 1Y 0} Aucun 8 = Droite Inconnu “ Entrée
20 Q16 Numérique 8 0 Looelipes 2 g e 1 Aucun Aucun B8 = Droite Inconnu “w Entrée
M 17 Mumérique A ] eld el 42l | Aucun Aucun A = Nrnite Inconnu i Fntréa
22 Q18 Chaine 600 0 =) Jed) e Aucun Aucun 8 = Gauche &5 MNominales ™ Entrée
23 Q19 Numérique 8 0 e e L filmisie 1} Aucun B8 = Droite Inconnu “w Entrée
24 Q20 Numérigue 8 0 w2 sl 0} Aucun 3 = Droite Inconnu “w Entrée
e |:m4 Rl el o i LI PN PPN PR, T LTS 411 A Q = Dienis 1 b W

Vue de données | Vue des variables
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Annexe 06 :
Fichier Edition  Affichage Données  Transformer  Analyse  Graphiques  Ufilitaires  Estensions  Fenétre  Aide
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Nom Type Largeur | Décimales Libelle Valeurs Manquant | Colonnes Align Mesure Réle
1 N_TEL Chaine 12 0 NUMERQ DE T... Aucun Aucun 8 = Gauche o> Nominales  “w Entrée
2 Q1 Chaine 500 0 (g) =1 Aucun Aucun 8 = Gauche &5 Mominales ™ Entrée
3 Q2 Numérique 8 0 (godat) sl 2 Aucun Aucun 8 = Droite Inconnu “w Entrée
4 3 MNumeéngue 8 0 ieldl Al et 1) Aucun d = Uroite Incannu ™ Entrée
5 Q4 Numérigue 8 0 aaliyl oo g A Al ) 1 Aucun 8 = Droite Incannu “ Entrée
6 Q5 Numérigue 8 0 e g 5 {0 Aucun ] = Droite Inconnu “w Entrée
7 Q6 Numérigue 8 0 pHage S pda By 0} Aucun 8 = Droite Incannu “w Entrée
8 Q6.1 Chaine 500 0 L wadda )6 Aucun Aucun 8 = Gauche &> Nominales  “w Entrée
9 Q6.2 Numériqgue 8 0 gl et ela 0 6 Aucun Aucun 8 = Droite Incannu “w Entrée
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Abstract :

The aim of this study is to make an inventory of agricultural innovations in El Qued
region, classify them, and understand the determinants of their adoption. And
examinate the level of diffusion of innovations while highlighting the crucial role of
field actors in farmers' access to these new practices and technologies. By analysing
the interactions among actors, we identified the social, economic, and institutional
factors that influence innovation, as well as the obstacles and opportunities to exploit.
The methodology based on a field survey, including questionnaires and interviews
with 150 agricultural stakeholder, such as administrative agents, associations,
cooperatives, agricultural input dealers, and artisans. The main results reveal the
existence of about thirty artisanal machines, ten technical innovations, and six
organizational innovations in use. Farmers and artisans revealed to be the main
drivers of agriculture development, while input suppliers play a significant role. The
availability, demand, and increasing use of the Internet to promote innovations are
essential factors for their innovation adoption and dissemination.

Résumé :

L’étude a pour objectif de recenser les innovations agricoles dans la région d’El Oued,
de les classifier et de comprendre les déterminants de leur adoption. Et a examiner le
niveau de diffusion des innovations tout en mettant en lumiere le role crucial des
acteurs de terrain dans l'acces des agriculteurs a ces innovations. En analysant les
interactions entre acteurs, nous chercherons a identifier les facteurs sociaux,
économiques et institutionnels qui influencent l'innovation, ainsi que les obstacles et
opportunités a exploiter. La méthodologie repose sur une enquéte de terrain, incluant
des questionnaires et des entretiens avec 150 acteurs clés, tels que des agents
administratifs, des associations, des coopératives, des vendeurs d'intrants agricoles et
des artisans. Les résultats principaux révelent |'existence d'une trentaine de machines
artisanales, dix innovations techniques et six innovations organisationnelles en usage.
Les agriculteurs et artisans se révelent d’étre les principaux moteurs du
développement, tandis que les fournisseurs d'intrants jouent un réle significatif. La
disponibilité, la demande et I'utilisation croissante d'Internet pour promouvoir les
innovations sont des facteurs essentiels pour leur adoption d’innovations et leur
diffusion.
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