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Abstract

:

Agriculture is currently facing major challenges related to ensuring the food security of a rising population and climate change with extreme weather patterns. At the same time, agriculture is a cause of environmental degradation, pollution and biodiversity loss. Climate-smart agriculture (CSA) is proposed as an approach that provides a roadmap to sustainable agricultural development. Despite this, farmer adoption rates of CSA practices and technologies in Europe remain low. This paper seeks to systematically review and synthesize the factors that facilitate or hinder farmers’ uptake of CSA in Europe. Out of the 2827 articles identified in the Web of Science and Scopus databases, a total of 137 research articles were included for analysis following the PRISMA methodology. The factors are categorized into seven categories, namely socio-demographics, psychological, farm characteristics, practice/technology-related attributes, biotic/abiotic, systemic and policy factors, with the majority of the studies focusing on the first four categories, while systemic and policy factors are relatively understudied. The results highlight for the first time that the adoption of CSA does not depend solely on farmer characteristics but also on the food systems and structures in which farmers operate, as well as the interactions with other value chain actors. To promote the adoption of CSA practices, extension and advisory services along with access to timely and reliable information, play a vital role in increasing awareness and in the provision of training and the encouragement of farmers’ behavioral shifts towards sustainable practices. From a technological point of view, adapting technologies to be easy to use, compatible with current farming objectives and cost-efficient will render them less risky investments for farmers and will foster adoption rates. Finally, support from the government in terms of financial support, subsidies and reduced bureaucratic procedures is crucial for motivating CSA adoption.
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1. Introduction


Until recently, European agricultural intensification focused on productivity and incomes to meet the global food supply with little consideration for long-term environmental impacts [1,2]. The agricultural sector remains an important economic activity for European countries, accounting for 1.3% of Europe’s GDP in 2021 [3] and employing 4% of the labor force [4]. The global food system is currently facing profound challenges related to ensuring the food security of a rising population and climate change, with extreme and unpredictable weather patterns, which jeopardize agricultural growth and the resilience of food production systems [5,6]. At the same time, agriculture is a major cause of environmental degradation, including greenhouse gas (GHG) emissions [5], soil erosion, water and air pollution, land degradation and biodiversity loss [7]. These environmental challenges negatively affect social and economic outcomes such as human welfare, social inclusion and economic prosperity, and they lead to the depopulation of rural areas [5,6,8].



Agriculture and climate change are policy priorities on the European agenda, which recognizes the need for immediate action. The European Union (EU) has set a number of policies, notably the European Green Deal and the Common Agricultural Policy (CAP), to provide the roadmap towards more sustainable, resilient and profitable agricultural systems. Climate-smart agriculture (CSA) has been suggested as an approach to promote sustainable agricultural development for food security under climate change pressures [5]. CSA is based on three main pillars: sustainably increasing agricultural productivity and incomes, adapting and building resilience to climate change, and reducing and/or removing GHG emissions [8,9]. This approach recognizes that synergies and trade-offs between the three pillars should be considered in the planning and implementation of agricultural strategies [8] and provides the groundwork to orient technical, policy and investment conditions for agriculture to respond to climate change and future food demands [5]. CSA encompasses a set of practices that support the agricultural “triple win”: productivity, mitigation and adaptation. The practices comprise integrated crop management, agroforestry, pest and nutrient management, reduced tillage, land management, reduced fertilizer use and soil management, as well as smart agricultural technologies, including robotic systems, drones, remote sensing, satellites and the Internet of Things [8]. Despite EU policies and CSA practices being around for some time, adoption and diffusion in Europe remains slow and low [5,6].



EU policies have neglected the behavioral aspects of the shifts to CSA for a long time, mainly focusing on financial incentives. Only recently, with CAP voluntary eco-schemes, has there been a budgetary shift to more voluntary approaches that acknowledge behavioral perspective in the adoption of sustainable agriculture practices [10]. As such, in order to foster the adoption of CSA in Europe, increasing our understanding of barriers and drivers to adoption is of utmost importance. Farmers’ adoption processes of CSA practices may be complex and difficult, especially due to the disparity between the long-term benefits for society as opposed to the unperceived or negligible short-term benefits for the farmers, especially because of the investment costs and resources required [6]. Even more, transitions to new sustainable practices and behaviors are long-term, complex and multidimensional processes that require changes at different technological, socio-cultural, organizational, institutional, economic and political levels [2]. Hence, understanding the complex farmer decision-making processes will enable the design and implementation of policy interventions that can overcome barriers to the adoption of CSA practices.



Existing research has revealed a number of factors affecting farmer adoption of CSA practices, including technology, socioeconomic, psychological, farming structures, biophysical, institutional and policy factors [7,11,12]. To date, the existing literature has primarily employed the theories of reasoned action and planned behavior [13], the Theory of Diffusion of Innovations [14] and the Technology Acceptance Model [15] to investigate farmer decision-making processes. These models and theories have revealed a vast number of factors that are relevant to the adoption of sustainable practices in the agricultural sector. Financial situation, market and regulatory circumstances, age and educational levels, farming characteristics, information provision, personal attitudes, social pressure and perceived benefits related to the new practice have been shown to impact farmers’ decisions [7,10,12,16,17]. However, existing studies have examined farmer behavior in isolation without accounting for the complex decision making taking place in food systems, where interacting actors in the agri-food value chain, including advisors, industry, policy-makers and consumers, affect farmer transition to CSA. Transitions to CSA do not always depend solely on farmer characteristics but on the systemic factors of the food systems that create trade-offs, feedback loops and synergies that affect farmer decision making. Despite this, the importance of systemic and policy factors in the transitions to CSA remains relatively under-studied to date. Hence, this paper acknowledges that accounting for the role of food systems is imperative to uncover decision-making processes that lock farmers in or motivate them to move to sustainable, productive and CSA practices, examining these not as single, isolated processes but embedded in a set of interactions with multiple actors that have varying and sometimes conflicting interests and goals [18]. Moreover, the findings from existing studies remain rather inconclusive as to the importance of certain factors (e.g., demographics, attitudes and motives) in farmer behavioral shifts to CSA. This may be due to the complex interaction effects of factors that influence farmers’ decision making and the wide variety of determinants, contexts and methodological approaches applied by the researchers [19]. Hence, systematically synthesizing the wide variety of decision-making factors is required to advance our understanding of the farmer transition to CSA.



Previous systematic reviews investigating the decision-making factors that affect farmers’ adoption have mainly focused on general sustainable agricultural practices [7,12,19] or single practices, such as precision agriculture [1], organic farming [20] and conservation agriculture [21], among others, but not on CSA. Moreover, the literature in Europe is still limited, with most CSA studies focusing on Africa, Asia and Latin America [6]. Consequently, this literature neglects the contextual specificities of Europe, where agriculture is characterized by small farms [22], traditional agricultural practices, high reliance on subsidies and strict environmental regulations. Hence, there is a need to understand the European specificities with regard to production systems and conditions as well as the impact of European policies, such as the CAP, on the agricultural sector, which pose different challenges than in areas outside of Europe.



The main objective of this paper is to provide a systematic review of the literature on the decision-making factors that affect European farmers’ adoption of CSA practices and technologies. Due to the wide diversity of measures reported in farmer adoption literature, this review will focus on studies that examine the final choice of farmers related to practices they have adopted, their willingness to pay or their intention to adopt CSA practices. These variables are important proxies of the adoption of practices, while other variables, like preferences or attitudes, are excluded from this analysis since they may not always translate into adoption due to various obstacles, such as a lack of financial resources or skills. Our systematic review differs from previous studies in the following ways: 1. It stresses the importance of food systems in the transitions to CSA by accounting for the key role of systemic and policy factors influencing farmers’ decisions, which have been neglected in previous studies; 2. It provides a systematic review of farmer decision-making factors relating to the adoption of CSA practices; 3. It focuses on Europe to account for its contextual specificities; and 4. It examines studies reporting on the final decision to adopt or not adopt. This paper consists of four sections. The first outlines the methodology for the systematic review process and data analysis. The second presents the results and discusses the findings. The third draws knowledge from the findings to provide recommendations for institutions and policies. The fourth concludes the paper.




2. Materials and Methods


The objective of this study is to provide a systematic review of the variety of factors that drive or hinder farmers’ adoption of CSA practices in Europe. We specified the research question as follows: “What factors influence farmer decision making for climate-smart agriculture practices and technologies?”. To synthesize research, we used the PRISMA methodology (see Supplementary Materials) [23], following a stepwise and iterative process of research question formulation, protocol development, literature search, data extraction, quality assessment, data analysis and interpretation. Our systematic review focused on peer-reviewed empirical studies, including journal articles and conference papers, which were published in English. Expert consultation informed the systematic review process with the engagement of various stakeholders, including farmers, advisors, industry stakeholders, consumers and policy advisors, as part of a European research project, with the aim of increasing the validity of the findings and the relevance of the results for agri-food value chain stakeholders.



2.1. Study Selection


This original search was conducted in March 2024, and the information was sourced from two databases, Scopus and Web of Science. We employed a combination of keywords and their synonyms to locate studies published during the past twelve years, from 2012 to 2024, in the English language. In order to limit the results and focus on empirical studies, the results were filtered in the two databases to include only peer-reviewed articles and conference papers. To identify keywords and synonyms, a broad list of keywords based on previous reviews was used [1,7,12,19]. The search strategy was iteratively developed with the involvement of the researchers of this paper and was trialed several times. The search keywords were related to producers (farmer* OR producer*), influencing factors (factor* OR driver* OR barrier* OR determinant* OR percept* OR motivat* OR attitud*), behavior (decision* OR behaviour* OR behavior* OR switch* OR adopt* OR uptake OR behavio*change OR transition* OR conversion OR implement* OR “willingness to pay”) and climate-smart agriculture practices or technologies (“sustainable agriculture” OR “sustainable farming” OR “organic farming” OR “organic agriculture” OR “climate-smart agriculture” OR “climate-smart farming” OR “precision farming” OR “precision agriculture” OR “smart farming technolog*” OR “smart farming” OR “smart agriculture”). The search resulted in a total of 2827 papers eligible for screening.




2.2. Screening Process


To be eligible for further consideration in the systematic review, the study had to meet the following inclusion criteria: (1) it had to be conducted at a farm level, meaning that the surveyed population had to be farmers; (2) analyzed primary data to assess the impact of factors on the adoption of CSA practices; (3) examined the adoption of CSA practices as the dependent variable; (4) the research was carried out in Europe; and (5) the research had to be relevant to the subject matter. We used a two-step screening process by first screening the titles and abstracts, followed by reading the full text of the paper in the second stage. The aforementioned eligibility criteria were applied in both screening stages to decide whether or not to include the articles for further analysis. Only articles that met the criteria were used for further analysis. The selection process was completed independently and cross-checked by the authors to ensure validity in the selection process and to resolve any doubts about eligibility for inclusion.



Figure 1 depicts the search and screening procedure for the articles using the PRISMA methodology. Initially, 2827 articles were obtained through database searches, 1685 from Scopus and 1142 from the Web of Science. In total, 764 duplicates were removed. During the first screening process, based on titles and abstracts, 2583 articles were excluded due to not meeting the inclusion criteria or being duplicates, as specified in Figure 1. The remaining 244 articles were subjected to full-text screening and assessed for inclusion. At this stage, 107 articles were excluded because they did not involve farmers as their study population, did not use primary data, the adoption of CSA practices was not their dependent variable, were not carried out in Europe or were irrelevant to the scope of our review, as can be seen in Figure 1. Finally, 137 articles fulfilled the criteria and were included for analysis.




2.3. Data Extraction and Analysis


Key data were extracted from the articles that were in line with the objectives of our systematic review. The data were extracted manually following the review of the full text of the articles and were recorded in a designated spreadsheet for systematic review. The background of the 13 selected studies was recorded, capturing the year of publication, authors, country in which the research was conducted, type of research employed to investigate farmers’ adoption (quantitative, qualitative or mixed) and the CSA practices and technologies examined in the research. The different types of data extracted appear in Table 1 below. For the in-depth analysis of the articles, we examined the full text of the articles, especially focusing on the methodology and results section of each article and any tables reporting the statistical analysis of the significance of the variables and the direction of influence. The accuracy of the data extraction process was verified independently by the authors and cross-checked, and discrepancies were resolved through discussion. The factors affecting farmers’ decision to adopt CSA practices were classified into seven large categories consisting of smaller subcategories. These categories involve socio-demographic, psychological, farm characteristics, biotic/abiotic, characteristics of the practice/technology, systemic and policy factors, which are in line with previous research [1,7,12,19]. Additionally, CSA practices were classified into six categories for descriptive purposes; these are as follows: a. Smart farming technologies, digital tools and AI; b. organic farming; c. renewable energy sources; d. natural resource preservation; e. biodiversity preservation; and f. other CSA practices. In order to categorize the CSA practices, two of the authors conducted the content analysis independently while categorization was cross-checked, and discrepancies were resolved through discussion.



The synthesis of the findings from multiple studies was carried out by counting the number of times that a variable was shown to have a positive, negative or non-significant effect on farmers’ adoption of CSA practices across the studies. This paper does not provide a ranking of the importance of decision-making factors or a meta-analysis, given their context-specific attributes and the lack of homogeneity across studies that do not allow for cross-study comparisons.





3. Results


This section presents the analysis of the results of the systematic review. An overview of the study characteristics is provided to demonstrate the distribution of the number of studies in time for the period 2012–2024, the geographical location of the studies, the type of CSA practices examined and the research methods used. Decision-making factors that affect farmers’ transition to CSA are categorized into socio-demographic, psychological, farm characteristics, biotic/abiotic, practice/technology-related characteristics, systemic and policy factors. The effect of these various factors in the adoption of CSA practices is presented and discussed in detail in this section based on the analysis of the research studies included in the systematic review. Appendix A presents the studies that have been included in this review along with their key characteristics.



3.1. Study Characteristics


A total of 137 studies that were conducted in the past 12 years, from 2012 to 2024, were analyzed for this systematic review. As evident from Figure 2, the number of publications relevant to the review was quite low for the years 2012–2016, ranging from two to six publications per year. The number of publications increased to nine for 2017 and 2018 and thirteen for 2019. Almost half of the studies in this review were published between 2020 and 2022, accounting for 49% of the total number of reviewed studies. This indicates the increasing attention that CSA practices and decision-making factors affecting adoption have been receiving in recent years. In 2023, there was a slight drop in the numbers to fifteen studies, while in 2024, four studies have been published up to March 2024.



Regarding geographical location, this systematic review included studies that were reportedly conducted in 31 European countries, as displayed in Figure 3, with the highest concentration of studies being in Germany (33), Italy (24), France (16), Greece and the Netherlands (14), Spain, UK and Switzerland (13), and Denmark (10). It is evident that Central, northern and southern European countries are well represented, while the context of Eastern countries is less frequently examined.



In terms of the type of climate-smart agriculture practices investigated in the studies, Figure 4 shows that most of the studies (46 of 137, i.e., 34%) focus on the first group, namely “smart farming technologies, digital tools and artificial intelligence (AI)” and the second group of “organic farming” practices with 26% (36). In the first group, technologies such as sensors, drones, variable rate irrigation, robots and decision support systems have been studied. Considerably fewer studies fell into the other four groupings of natural resources preservation (e.g., crop rotation, mixed cropping, no-tillage, reduced tillage, integrated pest management and water management), with 17% (23); biodiversity preservation (e.g., microbial applications, beekeeping and species mixture), with 8% (11); and renewable energy sources and animal welfare (e.g., animal feed), with 2% (3). Finally, 13% of the studies (18) did not look at a specific sustainable practice.



With regard to the type of research, as can be seen in Figure 5, the majority of the studies employed quantitative methods via surveys, accounting for 56% (77) of the articles reviewed. This was followed by 31% (42) of the articles employing qualitative methods, using interviews and focus groups, while 13% (18) used mixed methods approaches.




3.2. Determinants of Farmer Adoption of CSA Practices


In summary, our review of 137 articles reveals a variety of factors that influence decision making by farmers when it comes to CSA practices. For each subsection below, tables are provided to summarize the significant determinants. The decision-making factors have been broadly categorized into socio-demographics, psychological factors, farm characteristics, biotic/abiotic, characteristics of the practice/technology, systemic and policy factors based on categorizations used in previous studies [1,7,12]. Table 2 summarizes the factors identified in the review under each of the seven categories, as well as the number of papers that have examined each category of factors.



3.2.1. Socio-Demographic Factors


Socio-demographic factors encompass the demographic characteristics (e.g., age, gender and level of education) and household characteristics (e.g., household size and income) of the farmers. Out of the socio-demographic factors, age has been more frequently studied in 44 papers of the review, followed by educational level in 38 papers. The effect of farmers’ age on the adoption of CSA was assessed, demonstrating an inverse relationship in 28 out of 44 studies. Compared to older farmers, young farmers are more likely to adopt CSA practices because they are usually more interested in new practices and technologies, and it is easier for them to learn to use and also to search for suitable solutions to fit their production systems [24,25]. Education level, including agricultural education, has a positive association with the adoption of CSA in 55.3% of the studies. This is mainly due to the fact that farmers with higher educational attainment possess the appropriate skills and knowledge needed to appreciate the potential benefits of CSA, as well as the capacity to experiment with different solutions [26,27]. On the other side, gender has a non-significant influence on adoption, indicating that socio-cultural inequalities in access to information, knowledge, markets and services, which perpetuate gender disparities, have gradually been eliminated [28,29]. Farming experience can increase adoption because more experienced farmers have greater awareness of the potential benefits of CSA practices for their farm; they possess the necessary knowledge and skills to efficiently implement them and may be in a better financial position to invest in sustainable practices [30].



Regarding household characteristics, the results indicate that higher on-farm and off-farm income are positively associated with the adoption of CSA, as is evident in four out of nine and five out of eight studies, respectively. These farmers have the financial resources to invest in new practices and technologies that are sometimes costly and risky to invest in and require time and effort commitments [7,31,32]. Consistent with previous research, full-time farmers tend to adopt CSA practices more as opposed to part-time farmers [33]. Finally, household size was not considered an important determinant of adoption, which is in line with other related studies [7,19]. Table 3 summarizes the findings for socio-demographic factors, indicating the number of studies where each decision-making factor acted as a driver or barrier or had an insignificant influence on the adoption of CSA. The percentage of articles demonstrating a significant effect is then calculated based on the sum of the number of articles with positive and negative effects divided by the total number of articles examining each decision-making factor.




3.2.2. Psychological Factors


Psychological factors include individual cognitive, affective and dispositional factors that may influence farmers’ adoption of CSA. As evident in Table 4, perceived behavioral control, motives and attitudes have been most extensively studied in 29, 27 and 26 papers, respectively. A review of the articles provides considerable evidence on cognitive factors such that farmer awareness related to environmental challenges, climate change, the benefits of CSA practices and current regulatory frameworks for sustainable agriculture plays a significant role in promoting adoption. In this review, 88.2% of the articles indicated that farmers who are aware are in a better position to assess the challenges facing agriculture and the benefits of the transition to sustainable practices [34,35,36]. Similarly, farmer knowledge of climate change and different CSA practices and technologies motivates them to adopt CSA [31,37,38,39]. Moreover, farmers skilled in farming, technology and computer use, as well as analytical thinking, feel more confident and are better equipped with the capacity to use new practices and, hence, are more likely to adopt them, as evident in seven out of ten studies [37,40]. Adoption increases with perceived behavioral control when the farmers feel they have the control, confidence, skills and resources to adopt a CSA practice [24,41].



Motives are an important factor considered in farmer decision making research studies. Farmers cite a number of farming motives when deciding about whether to adopt CSA practices, such as economic returns, modernization and improvement of farming activities, farm productivity and yield, product quality, environmental and animal welfare, moral obligation, keeping family traditions, cultural heritage preservation and social embeddedness. These motives significantly and differentially impact the adoption process [42,43,44,45]. Attitudes play a fundamental role in farmers’ decision making. In this review, 22 out of 27 articles show that positive attitudes towards the environment and climate change, pro-environmental attitudes and positive attitudes towards CSA practices positively affect adoption [31,46,47]. Trust also plays a crucial role in adoption since farmers will not accept CSA practices if they cannot trust the sources promoting them, including the media, peers and other value chain stakeholders, as well as governments [33,48,49]. Finally, subjective norms relate to what farmers believe to be socially approved by family, peers and society. These influence adoption rates since farmers will act in accordance with social expectations in order to remain valued members of their respective social groups [48,50].



With regard to dispositional factors, risk aversion refers to a reluctance to take on risks, while resistance to change refers to an unwillingness to abandon traditional agriculture practices. Both these personality traits influence farmer behavior such that farmers who are more risk-averse and resistant to change are more reluctant to adopt CSA practices and technologies, as is evident in 100% of the studies investigating these factors [41,51,52,53]. Conversely, farmer innovativeness is a driver for adoption. Innovators are usually open to new experiences, seek to try out new practices more quickly than others and are willing to take on more risks [37,43,54,55]. In addition, farmers who have environmental consciousness and perceived responsibility for future generations are more likely to adopt CSA practices. These farmers are conscious of the impact of their agricultural activities on the environment, animal welfare, public health and food security on the one side, and they feel a sense of moral obligation to protect and act on behalf of future generations on the other side [44,54,56]. Table 4 summarizes the findings of the studies with respect to the effect of psychological factors on the adoption of CSA practices.




3.2.3. Farm Characteristics


Of the various farm characteristics, farm size and the availability of labor are the decision-making factors that have been studied the most, in 34 and 15 papers, respectively. Farm size has been largely identified as an important driver of farmer adoption of CSA practices in 22 out of 34 studies. Farmers with larger farms benefit from economies of scale, reduced costs and higher investment returns [24] and may be more prone to investing in CSA practices to facilitate organizational complexity in their farming activities [57]. Likewise, this is also applicable to larger size of cultivable land, which is associated with increased adoption rates [7,58]. Even more, farms with increased profitability and yield have greater resource capacity and are more likely to invest in CSA practices, especially when farmers believe that the practice or technology offers gains in profitability and yield [59,60,61].



Farm ownership also plays a role, with land tenants being less likely to engage in CSA practices compared to farm owners due to the insecurity involved in tenancy, risk aversion, reduced financial capacity and their decisions frequently being constrained by the will of landlords [31,52,58,62]. Conversely, four out of six articles show that the availability of succession planning increases the likelihood of a farmer adopting a CSA practice. The longevity of a farm makes the farmer more willing to engage in an investment activity that will increase the profitability and the environmental status of the farm and make the business attractive for the successor [58,59,63].



The findings of this systematic review further indicate that the different types of farming systems (crop, livestock and mixed) create different adoption rates of CSA practices depending on the benefits the practice or technology offers for different farming systems [64,65,66]. With regard to labor availability, despite the fact that the increased supply of labor is diminishing the risk of investing in new methods or technologies that require significant labor input, this is not found to be a key consideration for the final decision to adopt CSA practices [35,66,67,68]. The availability of shared machinery has been studied in a few articles of this review, but findings are inconclusive about the effect on farmers’ adoption of CSA practices [58,60]. Table 5 summarizes the effects of farm characteristics on the adoption of CSA practices.




3.2.4. Biotic/Abiotic Factors


The geographical locations of farms play a significant role in the decision-making process. Different farm locations (e.g., countries, regions and urban/rural) lead to different adoption rates due to regional differences, such as for farms located in urban or rural areas, favorable or protected areas or mountainous regions, different access to infrastructure and differences associated with natural, historical, social, economic and political contexts [43,57,63].



The uptake of CSA depends on biotic factors, including the presence of weeds, pests and diseases. CSA practices, such as crop diversification and the use of crop resistant varieties, are considered to be effective in increasing the resilience of farms against biotic stresses, while other practices, like organic farming, increase their exposure to these risks. Finally, abiotic factors, such as temperature, precipitation, drought and extreme weather events, did not significantly affect the adoption of CSA, in contrast with soil quality, where farmers were more receptive to change to CSA to reverse the effects of poor soil quality [6,29,31,69]. Table 6 below shows the results of studies with respect to the effect of biotic/abiotic factors on the adoption of CSA.




3.2.5. Characteristics of the Practice/Technology


The characteristics of CSA practices are a key determinant of the decision to adopt. Among the eight factors of this category, perceived costs and benefits associated with the adoption of the practices/technologies have been examined in most of the papers of the review, with 37 and 49 papers, respectively. With respect to the practice/technology, characteristics associated with perceived usefulness, ease of use and compatibility drive adoption. Perceived usefulness refers to the extent to which farmers anticipate that utilizing a CSA practice will be advantageous in enhancing farm productivity, reducing workload and simplifying farm operations [34,70,71]. Perceived ease of use, which is associated with farmers’ beliefs about user-friendliness and ease of learning to use a new practice or technology, has been found to have a positive relationship, with adoption seen in 13 out of 16 studies. The compatibility between the new technology or practice and the current farm practices, goals and values of the farmer is also taken into consideration [72,73,74].



Our analysis points out the importance of perceived costs and benefits associated with the new practice or technology in farmer decision making. These costs are associated with investment costs, reduced farm yield, training requirements, increased workload and long payback periods, which are negatively associated with adoption rates, as evident in 37 studies [5,44,51,67,72,75,76,77]. On the other hand, perceived benefits, such as economic gains, environmental benefits, improved societal outcomes, including food safety and quality, higher yields and reduced production costs, have been identified as significant drivers of adoption in 46 studies [38,39,55,67,78,79].



Farmers identify a lack of trust in technologies as an important lock-in since unresolved issues surrounding data ownership, privacy protection and information technology security reduce their trust in technologies and hinder adoption [78,80]. Furthermore, the perceived absence of solid evidence on the positive impact of a practice or technology is negatively associated with the adoption of CSA in eight studies. Potential adopters require assurances of their beneficial impact, and when benefits are uncertain, there is a lower probability of adoption among farmers [5,81].



Finally, the role of certification schemes has been studied in a few articles. The findings indicate that farmers view certification in a positive light as providing a guarantee for product quality, subsidies, higher selling prices and indirect publicity incentivizing them to adopt CSA practices. However, some farmers also pointed out the high bureaucratic burden, control, and time needed for certification schemes [2,44,82]. Table 7 summarizes the findings with regard to the association of practice/technology-related factors with the adoption of CSA.




3.2.6. Systemic Factors


Systemic factors refer to all those factors that operate at the food system level and create feedback loops and trade-offs that, in turn, affect farmers’ decisions. The main contribution of this paper is to show that transitions to climate-smart agriculture are not always under farmers’ control but also depend on the behavior and interests of other value chain stakeholders in the food systems. As is evident, systemic factors are relatively under-studied, with the exception of extension and advisory services (studied in 46 papers. Hence, understanding the influence of these factors is imperative. Firstly, social norms significantly influence adoption in 81.8% of the studies, such that CSA practices that are socially acceptable and supported within the community are more likely to be adopted by farmers than those that are disapproved of. The norms and values of the society about what a “good farmer” is and the societal expectations about environmental protection, animal welfare, and public health dictate what is socially acceptable and, hence, provide signals relating to community support and peer pressure [47,54]. Social learning, through observing and experiencing first-hand how other farmers use CSA practices in their farms, increases trust in new practices and encourages adoption [55]. In a similar vein, the social networks that a farmer has access to affect decisions such that social networks of like-minded individuals who value CSA are more likely to be mimicked by peer farmers [8,15,37,39].



Regarding access to information, the results indicate a positive correlation with the adoption of CSA in 14 out of 17 studies. Information sources such as farmer open days, discussion groups, TV, radio, and social media raise farmer awareness of CSA practices, encouraging adoption [36,52,76,77,83]. In addition, extension and advisory services play a critical role in promoting the adoption of CSA practices and technologies among farmers, as is evident in 44 out of 46 studies. Ongoing training services, through courses, field visits and demonstrations, as well as technical support, can provide farmers with the necessary knowledge, skills and confidence to use new practices and help them overcome barriers to adoption. Furthermore, most studies highlight the importance of tailored advisory services that take into account individual farm characteristics and farmer needs [5,55,75,84,85]. Marketing and communication campaigns have been found to have a positive association with adoption since they play a critical role in raising awareness and educating not only farmers but also other agri-food value chain actors about the benefits of a transition to CSA [86,87]. On the other hand, a lack of research, education, and knowledge provided by universities and governments has been negatively associated with adoption, highlighting the need for accessible and relevant information as well as education to support adoption [44,88].



The results further indicate that easy access to markets and the availability of alternative channels to sell their products directly to customers (direct marketing) enables closeness between farmers and buyers and leads to higher profitability, encouraging them to adopt CSA [44,89]. Short supply chains are mostly viewed as enablers of the adoption of CSA practices as they reduce dependence on intermediaries and increase control over price setting [44,89]. Access to credit through loans can help farmers invest in CSA practices as it improves their financial resources and investment opportunities [54]. On the other hand, 11 studies demonstrate that low market demand, such as in cases when consumers do not see the added value of the products and are not willing to pay price premiums, can inhibit the adoption of CSA practices and technologies since market demand creates feedback loops from buyers to farmers about the practices they should use [2,90]. A lack of infrastructure, such as a lack of high-speed internet, irrigation systems, inadequate roads, transportation, and communication systems, can make the adoption of CSA practices more challenging [6,29,71,88].



Our systematic review further suggests that collective decisions and participatory approaches where farmers are allowed to share their experiences and knowledge with other value chain stakeholders and actively engage in the decision-making process can increase their engagement in the implementation of CSA practices, as evident in 14 studies. The development of partnerships and collective goals between farmers, processors, retailers and consumers can align the interests of different actors. In these instances, farmers feel a sense of control over and trust in decisions when their voice is heard [44,49,76,91]. Finally, membership in a cooperative is found to be positively associated with the adoption of CSA practices. An agricultural cooperative provides a platform for farmers to share knowledge and resources, receive advice and technical support and facilitates collective action and peer learning [44,52]. Table 8 summarizes findings for systemic factors and their impact on the adoption of CSA.




3.2.7. Policy Factors


Existing legal frameworks and financial incentives affect farmer transitions to CSA. Existing policy frameworks can either incentivize or disincentivize the adoption of CSA practices. In this review, 17 out of 30 studies showed that policies that are considered by farmers to increase the economic viability of their farms and facilitate transition and cooperation along the value chain incentivize farmers. However, in some cases (12 out of 30 studies), policies act as a barrier when they fail to compensate farmers’ loss of income, come with administrative burdens, there is a lack of payment differentiation according to different contexts, and a lack of long-term governmental vision [37,48,72,92,93].



In general, government financial assistance was viewed by farmers as an incentive to the uptake of CSA practices, as is shown in 34 studies. Financial support exists in the form of subsidies, tax reductions and schemes to compensate for lost income and investment risks. However, farmers identified a number of constraints in the provision of financial support, such as compensation that does not cover costs, complex and bureaucratic procedures and heavy penalties for mistakes [82,83,94,95].



Finally, bureaucratic procedures, such as those involved in the provision of subsidies and certifications, create a burden for farmers. Resources, in terms of time and effort, as well as skills and knowledge of the procedures required to complete the paperwork, highlight the negative role that bureaucracy has in the adoption of CSA practices [44,89,96]. Table 9 summarizes findings for policy factors affecting the adoption of CSA.






4. Discussion


Summarizing the findings, it is evident that, in line with previous research, age and education, attitudes, farm size and perceived costs/benefits associated with the practices are significant determinants of behavior, while other factors, such as gender and household size do not play a role [25,26,41,67]. This review significantly contributes to previous research by stressing the importance of systemic and policy factors in the transition to CSA, which have been relatively under-studied to date. The findings of this systematic review demonstrate the important role of policy frameworks and financial support in the wider uptake of CSA in Europe. Financial support, although viewed in a positive light, may be inflexible and comes with high bureaucratic procedures, controls and costs [38,84,92]. European governments should design well-thought-out and targeted subsidies that reduce costs and minimize the risks of investment, especially in cases where the adoption of CSA practices does not involve high economic benefits to farmers, to encourage adoption. Improving access to formal credit will be a reliable approach to reducing perceived risks and is expected to increase willingness to adopt CSA practices [54]. Policies could combine programs that incentivize CSA practices with risk management tools to reverse farmer risk aversion. In policy design, there is no one size fits all policy due to the heterogeneity of contexts and farmer characteristics. Hence, policies that target more disadvantaged farmers, such as providing support to farmers with low income or living in areas with low soil quality, will facilitate wider adoption. Moreover, a mix of voluntary and mandatory schemes in policy design can be more effective, with voluntary schemes targeting farmers who have high environmental concern and risk tolerance and mandatory schemes addressing farmers who are more resistant to change.



Access to extension services, education and training increases awareness, builds farmers’ skills and encourages adoption. This result is in line with previous research, highlighting the importance of extension and advisory services in the adoption of CSA practices [2,5,90]. The role of advisors should be further strengthened to become the main point of contact for providing reliable, practical and scientifically founded advice to farmers’ daily problems. Opportunities for field visits and farm demonstrations also provide a tool for effective peer-to-peer learning and learning-by-doing. Moreover, the availability of capacity-building activities through farmer networks, farmer associations, NGOs and formal education programs should be increased, and farmers should be encouraged to participate in education and training activities related to CSA.



Our findings further indicate that access to information should be considered for the upscaling of CSA practices. As has been previously suggested, farmers need access to timely, reliable and unbiased information about CSA practices and the regulatory framework surrounding adoption in order to increase their awareness and trust [34,57]. Information sharing through social networks could also be effective. Participatory approaches, where farmers can exchange information with peers will increase their understanding of the benefits and costs associated with implementing CSA practices. Mass media could also play a role in raising public awareness about climate challenges and the ways to overcome them in order to establish a value chain-wide understanding of the mutual short- and long-term benefits of a transition to CSA. This, in turn, will decrease resistance to change from other value chain stakeholders (e.g., retailers) with conflicting interests and will increase market demand and willingness to pay higher prices for goods produced in a climate-friendly way.



From a practice/technological point of view, the results indicate that the characteristics of the practice/technology, such as perceived ease of use, usefulness and compatibility, motivate adoption, a finding which is in line with previous evidence [34,70,71]. On the other side, cost considerations and risky investments are major barriers to the adoption of new practices and technologies [38,66]. Trust in the technologies plays a role in farmers’ acceptance of innovations. These decision-making factors are expected to play a key role in the coming years, especially with the advent of new technologies, such as the Internet of Things (IoT), Artificial Intelligence (AI) and cloud-based technologies. Previous studies indicate that these technologies are perceived as complex and difficult to use while they still require significant initial investment with respect to financial costs, time, effort and training requirements for farmers. Furthermore, data-driven technologies raise data ownership, sharing and privacy concerns, threatening farmers’ trust in these technologies [97]. To address these barriers, adapting current CSA practices and technologies to be easier to use, less complex and more compatible with current farming operations, different geographical locations and farming systems would scale up their adoption rates in Europe. Designing CSA solutions that are cost- and risk-effective and have clear environmental and social benefits would minimize losses to the environment and also increase economic benefits for farmers. Increasing transparency in the procedures used for farmer data collection and sharing in data-driven technologies will be the next big challenge in order to gain farmers’ trust relating to the use of new technologies.



The findings further demonstrate that certification schemes that suit farmers’ needs and that are more flexible and less bureaucratic need to be in place to increase the uptake. The availability of infrastructure, access to market and direct selling are facilitating the adoption of CSA [29,66,71]. The wider availability of internet connectivity, irrigation systems and transportation make farmer adoption of CSA practices and technologies easier. Similarly, bringing markets for the farmers’ products closer to where the production is or creating alternative channels to sell products (e.g., online marketplaces) will reduce the risk of low market demand for CSA produce.




5. Conclusions


To date, an integrative framework of the “lock ins” and “levers” that hinder or motivate farmers to adopt CSA has been lacking. This review is important from a research and policy perspective. To our knowledge, this is the first review to provide a comprehensive overview of the factors that influence farmers’ decision to adopt CSA practices in the European context. Even more, it is the first review to highlight the importance of systemic and policy factors in the transition to CSA. Farmers’ decisions not only depend on their individual characteristics but also on the food systems in which they operate, which create power dynamics, feedback loops and trade-offs that influence farmer behavior. This review is important for policy making as well since it helps policy makers to make informed decisions, focusing on identifying and removing barriers to the adoption of CSA practices by designing short- and long-term interventions.



From the review, it is evident that systemic and policy factors have not been adequately examined in the studies; hence, more research is needed to understand the mechanisms within the food systems in which farmers operate influence farmer transition to CSA. Even more, the majority of the studies focused on single aspects of the adoption process, failing to capture the complex and multidimensional nature of the adoption process. For instance, studies that investigate socio-cultural factors exclude the examination of institutional and policy factors. Adopting a food system approach, where the farmer is not viewed in isolation but as an embedded actor in the food system where power dynamics, structures and trade-offs affect behavioral change towards CSA, would yield a better understanding of farmer adoption.



Contextual differences in previous studies (e.g., country, practice and farming system), as well as the breadth of designs and methodological approaches employed, result in inconclusive findings for certain factors and have made cross-study comparisons difficult. Hence, a meta-analysis to identify the important determinants of farmer transition to CSA is warranted. Moreover, the effect of factors on the adoption of CSA may change over time, while systemic and policy factors require time to change the behavior of farmers. Longitudinal studies are needed in order to examine the long-term changes and effects of various decision-making factors on farmer adoption of CSA practices. Most of the papers in this review examined adopters and non-adopters, thus neglecting farmers who have previously used CSA practices and quit. Examining this category of farmers could uncover barriers to adoption that are different from those of non-adopters. Moreover, most of the studies reviewed were correlational or qualitative, rendering it difficult to establish causal relationships between decision-making factors and the adoption of CSA. Hence, future studies could expand our knowledge by employing methodologies to show causality or rely on path analysis rather than regression.
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Appendix A




	Author and Year
	Factors Studied
	Geographical Location
	Climate-Smart Agricultural Practice Category



	De Master, 2012 [83]
	Collective decisions and participatory approach, information sources, legal framework, financial support and degree of bureaucracy
	Poland
	Organic Farming



	Theocharopoulos et al., 2012 [39]
	Knowledge, attitudes and financial support
	Greece
	Organic Farming



	Koutsoukos and Iakovidou, 2013 [98]
	Environmental consciousness, knowledge, attitudes, marketing and communication campaigns, lack of research, education, and knowledge, lack of infrastructure, extension and advisory services, legal framework and perceived benefits
	Greece
	Organic Farming



	Läpple, 2013 [99]
	Age, gender, educational level, risk aversion, motives, attitudes and information sources
	Ireland
	Organic Farming



	Läpple and Kelley, 2013 [100]
	Attitudes, perceived behavioral control, subjective norms and financial support
	Ireland
	Organic Farming



	Nave et al., 2013 [52]
	Age, off-farm income, farm ownership, educational level, farm size, farm location, awareness, risk aversion, innovativeness, social networks, information sources, extension and advisory services, membership in a cooperative and labor availability
	France
	Natural resources preservation



	Bartulović and Kozorog, 2014 [101]
	Farm location, environmental consciousness, motives, perceived behavioral control, social norms, collective decisions and participatory approach, extension and advisory services, financial support and perceived benefits
	Slovenia
	Organic Farming



	Busse et al., 2014 [51]
	Resistance to change, marketing and communication campaigns, farmer skills, information sources, extension and advisory services, short supply chain, legal framework, financial support, availability of certification, perceived costs, and perceived benefits
	Germany
	Smart farming technologies, digital tools and AI



	Chatzimichael et al., 2014 [94]
	Age, educational level, farm size, knowledge, social learning, information sources, access to market and financial support
	Greece and Germany
	Organic Farming



	Karali et al., 2014 [31]
	Age, off-farm income, farm ownership, farm successor, farm size, weed pressure, extreme weather conditions, environmental consciousness, risk aversion, attitudes, subjective norms, information sources, extension and advisory services, direct marketing, legal framework, financial support, degree of bureaucracy, perceived costs and perceived benefits
	England, Scotland, Northern Ireland, and Ireland
	Organic Farming



	Kemp et al., 2014 [38]
	Age, educational level, farm successor, farm size, farm location, knowledge, innovativeness, subjective norms, social norms, information sources and perceived benefits
	The Netherlands
	Other CSA practices



	Tzouramani et al., 2014 [69]
	Extreme weather conditions, environmental consciousness, social network, market demand, financial support and perceived benefits
	Greece
	Organic Farming



	Dinis et al., 2015 [62]
	Gender, farm ownership, farming experience, size of arable land, farm location, awareness, perceived benefits and labor availability
	Italy and Portugal
	Organic Farming



	Gailhard et al., 2015 [102]
	Age, on-farm income, educational level, farm size, soil quality, innovativeness, social networks and membership in a cooperative
	Germany
	Natural resources preservation



	Läpple and Kelley, 2015 [85]
	Age, off-farm income, household size, educational level, farm size, environmental consciousness, risk aversion, motives, social networks, information sources, extension and advisory services and access to market
	Ireland
	Organic Farming



	Marques et al., 2015 [103]
	Age, farm size, knowledge, financial support and perceived trustworthiness
	Spain
	Natural resources preservation



	Papadopoulos et al., 2015 [82]
	Extension and advisory services, legal framework, financial support and availability of certification
	Greece
	Organic Farming



	Casagrande et al., 2016 [104]
	Awareness, farmer skills, risk aversion, perceived behavioral control, extension and advisory services, perceived costs, perceived benefits and farm outputs
	Estonia, Germany, the UK, Ireland, Belgium, France, Switzerland, Austria, Italy and Spain
	Natural resources preservation



	Long et al., 2016 [5]
	Awareness, market demand, extension and advisory services, legal framework, lack of verified impact and perceived costs
	The Netherlands, France, Switzerland and Italy
	Other CSA practices



	Case et al., 2017 [105]
	Perceived behavioral control, lack of infrastructure, perceived costs and perceived benefits
	Denmark
	Natural resources preservation



	De Olde et al., 2017 [92]
	Collective decisions and participatory approach, legal framework and financial support
	The Netherlands
	Organic Farming



	Kušová et al., 2017 [106]
	Age, farm ownership, educational level, size of arable land, farmer skills, motives and perceived benefits
	Czechia
	Smart farming technologies, digital tools and AI



	Latawiec et al., 2017 [79]
	Farming experience, farm size, soil quality, environmental consciousness, knowledge, motives, perceived costs and perceived benefits
	Poland
	Natural resources preservation



	Lemken et al., 2017 [68]
	Age, off-farm income, farm ownership, educational level, farm size, farm location, awareness, attitudes, perceived ease of use and labor availability
	Germany
	Natural resources preservation



	Naspetti et al., 2017 [107]
	Attitudes, subjective norms and perceived ease of use
	Austria, Belgium, Denmark, Finland, Italy and the UK
	Biodiversity preservation



	Paustian and Theuvsen, 2017 [66]
	Age, gender, farm ownership, full-time farmers, farming experience, educational level, farm size, size of arable land, farm location, soil quality, farmer skills, knowledge, extension and advisory services, lack of verified impact and labor availability
	Germany
	Smart farming technologies, digital tools and AI



	Pinna, 2017 [44]
	Environmental consciousness, responsibility for future generations, motives, lack of research, education, and knowledge, collective decisions and participatory approach, membership in a cooperative, access to market, direct marketing, short supply chains, degree of bureaucracy, availability of certification, perceived costs and perceived benefits
	Italy and Spain
	Organic Farming



	Zrakić et al., 2017 [108]
	Membership in a cooperative, access to market, direct marketing and perceived benefits
	Croatia
	Organic Farming



	Knuth et al., 2018 [84]
	Educational level, farm size, extension and advisory services, membership in a cooperative and legal Framework
	Germany
	Smart farming technologies, digital tools and AI



	Mattila et al., 2018 [109]
	Age, off-farm income, farm size, size of arable land, extension and advisory services, farm outputs and labor availability
	Finland
	Organic Farming



	Papadopoulos et al., 2018 [46]
	Gender, educational level, environmental consciousness, attitudes, market demand, financial support and perceived benefits
	Greece
	Organic Farming



	Partalidou et al., 2018 [75]
	Knowledge, resistance to change, motives, extension and advisory services, perceived costs and perceived benefits
	Greece
	Smart farming technologies, digital tools and AI



	Pilarova et al., 2018 [29]
	Age, gender, farm ownership, household size, educational level, farm location, weed pressure, soil quality, drought, lack of infrastructure, extension and advisory services, access to credit, perceived costs and labor availability
	Moldova
	Natural resources preservation



	Schoonhoven and Runhaar, 2018 [54]
	Awareness, responsibility for future generations, innovativeness, subjective norms, social norms, market demand, access to credit, legal framework, financial support and perceived benefits
	Spain
	Other CSA practices



	Siepmann and Nicholas, 2018 [47]
	Attitudes, social norms and perceived benefits
	Germany
	Organic Farming



	Tamirat et al., 2018 [35]
	Age, educational level, farm size, size of arable land, awareness, information sources, extension and advisory services, perceived benefits and labor availability
	Germany, Denmark
	Smart farming technologies, digital tools and AI



	Velde et al., 2018 [110]
	Awareness, motives and subjective norms
	Belgium
	Organic Farming



	Barnes et al., 2019 [58]
	Age, farm ownership, educational level, farm size, membership in a cooperative, perceived usefulness, perceived benefits, labor availability and shared machinery
	Belgium, Germany, Greece, the Netherlands and the UK
	Smart farming technologies, digital tools and AI



	Barnes et al., 2019 [111]
	Age, on-farm income, educational level, farm size, farm location, social networks, extension and advisory services, legal framework, financial support, lack of verified impact, perceived compatibility, perceived costs, perceived benefits, labor availability and shared machinery
	The UK, Germany, the Netherlands, Belgium and Greece
	Smart farming technologies, digital tools and AI



	Caffaro et al., 2019 [41]
	Attitudes, perceived behavioral control and subjective norms
	Italy
	Smart farming technologies, digital tools and AI



	Caffaro and Cavallo, 2019 [112]
	Educational level, farm size and labor availability
	Italy
	Smart farming technologies, digital tools and AI



	Das et al., 2019 [34]
	Age, on-farm income, farm size, awareness, knowledge, resistance to change, motives, perceived behavioral control, lack of infrastructure, collective decisions and participatory approach, financial support, perceived usefulness, perceived compatibility, perceived ease of use, perceived costs and perceived benefits
	Ireland
	Smart farming technologies, digital tools and AI



	Home et al., 2019 [77]
	Subjective norms, marketing and communication campaigns, lack of infrastructure, market demand, information sources, extension and advisory services, access to market, legal framework, perceived costs and perceived benefits
	Switzerland
	Organic Farming



	Knierim et al., 2019 [88]
	Lack of research, education, and knowledge, lack of infrastructure, extension and advisory services, perceived compatibility and perceived costs
	Germany
	Smart farming technologies, digital tools and AI



	Konrad et al., 2019 [65]
	Age, full-time farmers, farm size, farm location, soil quality, awareness, innovativeness, social learning and social network
	Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland and Sweden
	Smart farming technologies, digital tools and AI



	Mingolla et al., 2019 [113]
	Attitudes, perceived behavioral control and subjective norm
	Belgium
	Smart farming technologies, digital tools and AI



	Palšová, 2019 [95]
	Motives, marketing and communication campaigns, membership in a cooperative, access to market, financial support, degree of bureaucracy and perceived benefits
	Slovakia
	Organic Farming



	Penvern et al., 2019 [33]
	Full-time farmer, pests, trust and extension and advisory services
	Belgium, Denmark, France, Germany, Italy, Latvia, Sweden and Switzerland
	Biodiversity preservation



	Takeuchi-Storm et al., 2019 [114]
	Farm size and perceived benefits
	Switzerland, Germany, Denmark, Netherlands, Lithuania and Sweden
	Organic Farming



	Walder et al., 2019 [60]
	Age, off-farm income, full-time farmer, educational level, motives, perceived usefulness, perceived benefits, farm outputs and shared machinery
	Austria
	Biodiversity preservation



	Ayerdi et al., 2020 [115]
	Motives, shared machinery, membership in a cooperative, financial support and perceived usefulness
	France
	Smart farming technologies, digital tools and AI



	Balogh et al., 2020 [116]
	Knowledge, marketing and communication campaigns, lack of research, education, and knowledge, extension and advisory services, short supply chain, access to credit, legal framework, financial support, perceived compatibility, perceived costs and perceived benefits
	Hungary
	Smart farming technologies, digital tools and AI



	Caffaro et al., 2020 [117]
	Perceived usefulness and perceived ease of use
	Italy
	Smart farming technologies, digital tools and AI



	Fantappiè et al., 2020 [118]
	Age, educational level, financial support, perceived usefulness and perceived benefits
	Italy
	Natural resources preservation



	Groher et al., 2020 [64]
	Age, gender, full-time and farm size
	Switzerland
	Smart farming technologies, digital tools and AI



	Hansmann et al., 2020 [119]
	Subjective norms, extension and advisory services, perceived usefulness, perceived costs and perceived benefits
	Germany
	Organic Farming



	Kahramanoglu et al., 2020 [50]
	Attitudes, perceived behavioral control and subjective norm
	Cyprus
	Other CSA practices



	Kernecker et al., 2020 [81]
	Extension and advisory services, lack of verified impact, perceived usefulness, perceived compatibility, perceived ease of use, perceived trustworthiness and perceived costs
	France, Germany, Greece, Serbia, Spain and the Netherlands
	Smart farming technologies, digital tools and AI



	Kociszewski et al., 2020 [90]
	Environmental consciousness, motives, social norms, market demand, marketing and communication campaigns, financial support, degree of bureaucracy, perceived costs and perceived benefits
	Poland
	Organic Farming



	Lioutas and Charatsari, 2020 [73]
	Age, on-farm income, gender, educational level, attitudes, perceived usefulness, perceived benefits and perceived compatibility
	Greece
	Smart farming technologies, digital tools and AI



	Michels et al., 2020 [57]
	Age, gender, educational level, farm size, farm location, farmer skills and innovativeness
	Germany
	Smart farming technologies, digital tools and AI



	Michels et al., 2020 [40]
	Age, gender, educational level, farm size, farm location (north, east, west, and south), awareness, innovativeness and perceived costs
	Germany
	Smart farming technologies, digital tools and AI



	Michels et al., 2020 [24]
	Age, gender, educational level, farm size, farmer skills, perceived behavioral control and perceived usefulness
	Germany
	Smart farming technologies, digital tools and AI



	Pagliacci et al., 2020 [6]
	Size of arable land, farm location, soil quality, precipitation, social learning, lack of infrastructure, legal framework and financial support
	Italy
	Natural resources preservation



	Richard et al., 2020 [91]
	Collective decisions and participatory approach, extension and advisory services and perceived costs
	France
	Natural resources preservation



	Schwendner et al., 2020 [120]
	Marketing and communication campaigns and access to credit
	Switzerland
	Biodiversity preservation



	Vecchio et al., 2020 [25]
	Age, educational level, farm size, knowledge, perceived ease of use and labor availability
	Italy
	Smart farming technologies, digital tools and AI



	Vecchio et al., 2020 [25]
	Age, educational level, farm size, knowledge, perceived ease of use and labor availability
	Italy
	Smart farming technologies, digital tools and AI



	Xu et al., 2020 [61]
	Farm size, social learning, information sources and farm outputs
	France
	Organic Farming



	Aare et al., 2021 [72]
	Age, attitudes, perceived behavioral control, subjective norms, social norms, lack of infrastructure, market demand, extension and advisory services, legal framework, financial support, lack of verified impact, perceived usefulness, perceived compatibility, perceived ease of use, perceived costs and perceived benefits
	Denmark
	Biodiversity preservation



	Bakker et al., 2021 [121]
	Attitudes, perceived behavioral control, subjective norms and social learning
	Germany and the Netherlands
	Natural resources preservation



	Balogh et al., 2021 [37]
	Educational level, farm size, farmer skills, motives, innovativeness, subjective norms, extension and advisory services and perceived benefits
	Hungary
	Smart farming technologies, digital tools and AI



	Blasch et al., 2021 [122]
	Age, farm successor, farm size, social learning, social networks, extension and advisory services, perceived costs and perceived benefits
	Austria
	Smart farming technologies, digital tools and AI



	Canavari et al., 2021 [123]
	Subjective norms, perceived usefulness and perceived ease of use
	Italy
	Smart farming technologies, digital tools and AI



	Cooreman et al., 2021 [76]
	Collective decisions and participatory approach, information sources, extension and advisory services and perceived costs
	8 European countries
	Other CSA practices



	Creissen et al., 2021 [124]
	Farm size, farm location and information sources
	The UK and Ireland
	Natural resources preservation



	Cusworth et al., 2021 [125]
	Lack of research, education, and knowledge, social norms, collective decisions and participatory approach, market demand, legal framework, financial support
	The UK
	Biodiversity preservation



	González-Rosado et al., 2021 [126]
	Extension and advisory services, direct marketing and short supply chain
	Spain
	Other CSA practices



	Gütschow et al., 2021 [86]
	Awareness, perceived behavioral control, marketing and communication campaigns, social norms, lack of infrastructure, legal framework, degree of bureaucracy, lack of verified impact and perceived compatibility
	Germany
	Other CSA practices



	Hannus and Sauer, 2021 [70]
	Knowledge, perceived usefulness and perceived ease of use
	Germany
	Other CSA practices



	Höglind et al., 2021 [127]
	Age, on-farm income, farming experience and farm location
	Sweden
	Other CSA practices



	Kenny and Regan, 2021 [78]
	Perceived behavioral control, lack of infrastructure, perceived trustworthiness and perceived benefits
	Ireland
	Smart farming technologies, digital tools and AI



	Khamzina et al., 2021 [128]
	Attitudes, perceived behavioral control and subjective norm
	France
	Organic Farming



	Mazurek-Kusiak et al., 2021 [43]
	Farm location, environmental consciousness, motives, innovativeness, perceived behavioral control, extension and advisory services, financial support, perceived costs and perceived economic benefits
	Poland and Hungary
	Organic Farming



	Michels et al., 2021 [74]
	Perceived behavioral control, perceived usefulness, perceived compatibility and perceived ease of use
	Germany
	Smart farming technologies, digital tools and AI



	Mohr and Kuhl, 2021 [80]
	Innovativeness, attitudes, perceived behavioral control, social norms, perceived usefulness, perceived ease of use and perceived trustworthiness
	Germany
	Smart farming technologies, digital tools and AI



	Renault et al., 2021 [56]
	Crop diseases, environmental consciousness, knowledge, perceived behavioral control and perceived benefits
	Belgium, France, Germany, the Netherlands and Spain
	Biodiversity preservation



	Rust et al., 2021 [129]
	Subjective norms and information sources
	The UK
	Other CSA practices



	Schukat and Heise, 2021 [71]
	Farmer skills, motives, subjective norms, lack of infrastructure, perceived usefulness, perceived trustworthiness and perceived benefits
	Germany
	Smart farming technologies, digital tools and AI



	Zhllima et al., 2021 [130]
	Age, farm ownership, household size, educational level, awareness, motives, attitudes, perceived behavioral control, subjective norms and legal framework
	Albania
	Organic Farming



	Ambrosius et al., 2022 [131]
	Motives, social learning and market demand
	The Netherlands
	Organic Farming



	Bagagiolo et al., 2022 [27]
	Age, gender, educational level, knowledge, motives and social learning
	Italy
	Natural resources preservation



	Bai et al., 2022 [26]
	Age, gender, full-time farmer, educational level, size of arable land, farmer skills, perceived behavioral control and perceived compatibility
	Hungary
	Smart farming technologies, digital tools and AI



	Barnes et al., 2022 [63]
	Age, off-farm income, size of arable land, farm ownership, farming experience, educational level, farm successor, farm location, knowledge, risk aversion and labor availability
	Scotland
	Renewable energy sources



	Bernier et al., 2022 [132]
	Age, legal framework, perceived costs and perceived benefits
	Switzerland
	Biodiversity preservation



	Blasch et al., 2022 [55]
	Age, on-farm income, educational level, farm size, size of arable land, awareness, subjective norms, social learning, perceived costs and perceived benefits
	Italy
	Smart farming technologies, digital tools and AI



	Bodescu et al., 2022 [133]
	Perceived behavioral control, extension and advisory services, financial support, lack of verified impact, perceived usefulness, perceived ease of use and perceived costs
	Sweden
	Smart farming technologies, digital tools and AI



	Caffaro et al., 2022 [134]
	Motives
	Italy
	Other CSA practices



	Giua et al., 2022 [135]
	Social networks, age, educational level, size of arable land, lack of infrastructure, short supply chain, perceived usefulness, perceived ease of use and farm outputs
	Italy
	Smart farming technologies, digital tools and AI



	Happel et al., 2022 [48]
	Environmental consciousness, farmer skills, trust, subjective norms, social learning, collective decisions and participatory approach, information sources, extension and advisory services, legal framework, lack of verified impact, perceived trustworthiness, perceived costs and perceived benefits
	The Netherlands
	Natural resources preservation



	Huettel et al., 2022 [136]
	Attitudes, perceived behavioral control and subjective norm
	Germany
	Smart farming technologies, digital tools and AI



	Király et al., 2022 [36]
	Extreme weather conditions, precipitation, awareness, motives, information sources, extension and advisory services
	Hungary
	Organic Farming



	Lähdesmäki, and Vesala, 2022 [137]
	Weed pressure, knowledge, resistance to change, motives, attitudes, social norms, financial support, lack of verified impact and perceived costs
	Finland
	Organic Farming



	Leonhardt and Uehleke, 2022 [42]
	Age, educational level and motives
	Austria
	Natural resources preservation



	Linares et al., 2022 [89]
	Collective decisions and participatory approach, extension and advisory services, access to market, short supply chains, legal framework, financial support and degree of bureaucracy
	Austria, Switzerland, Czechia, Germany, Spain, Finland, France, Greece, Italy, Hungary, Lithuania, Latvia, Romania, Sweden and the UK
	Other CSA practices



	López-Serrano et al., 2022 [87]
	Marketing and communication campaigns, legal framework, financial support and perceived benefits
	Spain
	Natural resources preservation



	Maurizio et al., 2022 [96]
	Age, educational level, attitudes, degree of bureaucracy, perceived compatibility, perceived ease of use and perceived benefits
	Italy
	Organic Farming



	Möhring and Finger, 2022 [67]
	Age, on-farm income, educational level, farm successor, size of arable land, farm location, temperature, risk aversion, social learning, perceived costs, perceived benefits, farm outputs and labor availability
	Switzerland
	Natural resources preservation



	Petrescu-Mag et al., 2022 [138]
	On-farm income, extreme weather conditions, precipitation, crop diseases, awareness, lack of infrastructure and perceived benefits,
	Romania
	Natural resources preservation



	Polge and Pagès, 2022 [139]
	Subjective norms, social learning, extension and advisory services, membership in a cooperative and short supply chain
	France
	Other CSA practices



	Pombo-Romero et al., 2022 [59]
	Farm successor, farm size, farmer skills, risk aversion, social networks, farm outputs, perceived costs and legal framework
	Spain
	Renewable energy sources



	Ryschawy et al., 2022 [49]
	Knowledge, trust, social networks, collective decisions and participatory approaches, extension and advisory services and legal framework
	France
	Natural resources preservation



	Tensi et al., 2022 [45]
	Age, on-farm income, gender, household size, educational level, farm location, motives, perceived behavioral control, extension and advisory services and membership in a cooperative
	The Netherlands and Germany
	Biodiversity preservation



	Todorova, 2022 [93]
	Attitudes, legal framework and perceived benefits
	Bulgaria
	Organic Farming



	Vecchio et al., 2022 [140]
	Perceived ease of use
	Italy
	Smart farming technologies, digital tools and AI



	Verburg et al., 2022 [2]
	Marketing and communication campaigns, lack of research, education, and knowledge, direct marketing, market demand, legal framework, financial support, availability of certification and perceived costs
	The Netherlands, Denmark and Austria
	Organic Farming



	Young et al., 2022 [53]
	Resistance to change, motives, perceived behavioral control, subjective norms, social learning, lack of research, education, and knowledge, social norms, collective decisions and participatory approach, market demand, extension and advisory services, short supply chains, direct marketing and financial support
	France
	Natural resources preservation



	Zafeiriou et al., 2022 [141]
	Financial support, perceived costs, perceived benefits and farm outputs
	Greece
	Natural resources preservation



	Anastasiou et al., 2023 [11]
	Extension and advisory services, perceived usefulness, perceived costs, membership in a cooperative, knowledge, legal framework and financial support
	Spain, Greece, Germany and Italy
	Smart farming technologies, digital tools and AI



	Chylinski et al., 2023 [142]
	Extension and advisory services and information sources
	Switzerland, France, the Netherlands, Lithuania and the UK
	Organic Farming



	Czibere et al., 2023 [143]
	Educational level, farming experience, farm size, perceived benefits, innovativeness, extension and advisory services, perceived behavioral control and membership in a cooperative
	Hungary
	Smart farming technologies, digital tools and AI



	De Witte et al., 2023 [144]
	Collective decisions and participatory approach and extension and advisory services
	Spain
	Other CSA practices



	Ha et al., 2023 [145]
	Age, gender, educational level, farm ownership, on-farm income, availability of certification, subjective norms, attitudes, perceived behavioral control and knowledge
	Sweden
	Other CSA practices



	Krzyszczak et al., 2023 [146]
	Knowledge, degree of bureaucracy and attitudes
	Poland
	Other CSA practices



	Masi et al., 2023 [147]
	Perceived ease of use, perceived costs, financial support, age, farm size, gender, extension and advisory services
	Italy
	Smart farming technologies, digital tools and AI



	Meral and Millan, 2023 [148]
	Farming experience, labor availability, perceived compatibility, farm size, attitudes, age, educational level, household size and farm location
	Turkey
	Organic Farming



	Monteiro Moretti et al., 2023 [149]
	Perceived benefits
	Germany and Switzerland
	Smart farming technologies, digital tools and AI



	Ortega et al., 2023 [150]
	Legal framework, knowledge and lack of infrastructure
	Spain and Portugal
	Biodiversity preservation



	Pelissier et al., 2023 [151]
	Perceived benefits, extension and advisory services, membership in a cooperative, financial support and perceived behavioral control
	Slovakia and Hungary
	Smart farming technologies, digital tools and AI



	Schneider et al., 2023 [152]
	Degree of bureaucracy, legal framework, financial support, extension and advisory services, collective decision and participatory approach and perceived compatibility
	Germany
	Renewable energy sources



	Troiano et al., 2023 [153]
	Perceived costs, financial support, extension and advisory services and motives
	Italy
	Smart farming technologies, digital tools and AI



	Wang et al., 2023 [154]
	Subjective norms and social networks
	Switzerland
	Other CSA practices



	Zieliński et al., 2023 [155]
	Educational level and on-farm income
	Poland
	Natural resources preservation



	Feisthauer et al., 2024 [156]
	Attitudes, innovativeness, perceived trustworthiness, financial support and legal framework
	Germany
	Smart farming technologies, digital tools and AI



	Feisthauer et al., 2024 [157]
	Attitudes, subjective norms and perceived behavioral control
	Germany
	Smart farming technologies, digital tools and AI



	Follett et al., 2024 [158]
	Farm ownership, perceived costs, extreme weather conditions and perceived behavioral control
	Wales
	Other CSA practices



	Mooney et al., 2024 [159]
	Legal framework, extension and advisory services and information sources
	Britain, Ireland and France
	Biodiversity preservation
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Figure 1. PRISMA flow diagram to illustrate the steps involved in the systematic review. 
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Figure 2. Number of studies published per year. 
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Figure 3. Number of studies published per country. 






Figure 3. Number of studies published per country.



[image: Sustainability 16 02828 g003]







[image: Sustainability 16 02828 g004] 





Figure 4. Climate-smart agriculture practices studied in the articles. 
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Figure 5. Types of research employed in the studies. 
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Table 1. Types of data extracted throughout the systematic review process.
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	Type of Data
	Data Recorded





	Authors’ names
	



	Year of publication
	2012–2024



	Geographical location of the study
	European countries



	Type of research
	Quantitative, qualitative or mixed



	CSA practices
	a. smart farming technologies, digital tools and AI, b. organic farming, c. renewable energy sources, d. natural resources preservation, e. biodiversity preservation, and f. other CSA practices.



	Decision-making factors
	a. socio-demographic, b. psychological, c. farm characteristics, d. biotic/abiotic, e. characteristics of the practice/technology, f. systemic and g. policy factors










 





Table 2. Review of the factors affecting the adoption of CSA.
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	Categories
	Factors Identified
	No. of Studies Examining Factors





	Socio-demographic
	Age, educational level, gender, farming experience, on-farm income, off-farm income, full-time farmers, household size
	55



	Psychological
	Awareness, knowledge, farmer skills, perceived behavioral control, motives, attitudes, trust, subjective norms, risk aversion, resistance to change, innovativeness, environmental consciousness, responsibility for future generations
	91



	Farm characteristics
	Farm size, size of arable land, farm yield, farm profitability, farm ownership, farm successor, labor availability, shared machinery
	48



	Biotic/abiotic
	Weeds, pests, crop diseases, soil quality, temperature, precipitation, drought weather conditions
	15



	Practice/technology related
	Perceived usefulness, perceived ease of use, perceived compactivity, costs, benefits, trustworthiness, lack of verified impact, availability of certification
	87



	Systemic
	Social norms, social learning, social networks, information sources, extension and advisory services, marketing and communication, research education and knowledge, access to market, access to credit, direct marketing, short supply chains, market demand, availability of infrastructure, collective decisions and participatory approach, membership in a cooperative
	80



	Policy
	Legal framework, financial support, degree of bureaucracy
	54










 





Table 3. Socio-demographic factors affecting the adoption of CSA.
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	Socio-Demographics
	Driver
	Barrier
	Insignificant
	Total No. of Studies
	% Significant





	Age
	4
	28
	12
	44
	72.7



	Educational level
	21
	0
	17
	38
	55.3



	Gender (male)
	2
	5
	8
	15
	46.7



	Farming experience
	5
	2
	0
	7
	100



	On-farm income
	4
	2
	3
	9
	66.7



	Off-farm income
	5
	0
	3
	8
	62.5



	Full-time farmers
	4
	1
	1
	6
	83.3



	Household size
	1
	1
	3
	5
	40










 





Table 4. Psychological factors affecting the adoption of CSA.
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	Psychological Factors
	Driver
	Barrier
	Insignificant
	Total No. of Studies
	% Significant





	Awareness
	15
	0
	2
	17
	88.2



	Knowledge
	20
	0
	1
	21
	95.2



	Farmer skills
	7
	0
	3
	10
	70



	Perceived behavioral control
	28
	0
	1
	29
	96.6



	Motives
	19
	8
	0
	27
	100



	Attitudes
	22
	1
	4
	27
	85.2



	Trust
	3
	0
	0
	3
	100



	Subjective norms
	23
	3
	1
	27
	96.3



	Risk aversion
	8
	0
	0
	8
	100



	Resistance to change
	5
	0
	0
	5
	100



	Innovativeness
	9
	1
	2
	12
	83.3



	Environmental consciousness
	12
	0
	0
	12
	100



	Responsibility for future generations
	2
	0
	0
	2
	100










 





Table 5. Farm characteristics affecting the adoption of CSA.
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	Farm Characteristics
	Driver
	Barrier
	Insignificant
	Total No. of Studies
	% Significant





	Farm size
	22
	6
	6
	34
	82.4



	Size of arable land
	8
	1
	1
	10
	90



	Farm outputs (yield and profitability)
	5
	2
	1
	8
	87.5



	Farm ownership
	6
	3
	3
	12
	75



	Farm successor
	4
	0
	2
	6
	66.7



	Labor availability
	5
	2
	8
	15
	46.7



	Shared machinery
	2
	0
	2
	4
	50










 





Table 6. Biotic/abiotic factors affecting the adoption of CSA.
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	Biotic/Abiotic Factors
	Driver
	Barrier
	Insignificant
	Total No. of Studies
	% Significant





	Weeds pressure
	0
	2
	0
	2
	100



	Pests
	1
	0
	1
	2
	50



	Crop diseases
	1
	0
	0
	1
	100



	Soil quality
	0
	5
	1
	6
	83.3



	Temperature
	0
	0
	1
	1
	0



	Precipitation
	1
	0
	2
	3
	100



	Drought
	0
	0
	1
	1
	0



	Extreme weather conditions
	1
	1
	3
	5
	40










 





Table 7. Characteristics of the practice/technology affecting the adoption of CSA.
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	Practice/Technology-Related Factors
	Driver
	Barrier
	Insignificant
	Total No. of Studies
	% Significant





	Perceived usefulness
	17
	0
	1
	18
	94.4



	Perceived ease of use
	13
	0
	3
	16
	81.3



	Perceived compatibility
	13
	0
	0
	13
	100



	Perceived costs
	0
	37
	0
	37
	100



	Perceived benefits
	46
	0
	3
	49
	94



	Perceived trustworthiness
	7
	0
	0
	7
	100



	Perceived lack of verified impact
	0
	8
	1
	9
	88.9



	Availability of certification
	5
	0
	0
	5
	100










 





Table 8. Systemic factors affecting the adoption of CSA.
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	Systemic Factors
	Driver
	Barrier
	Insignificant
	Total No. of Studies
	% Significant





	Social norms
	5
	4
	2
	11
	81.8



	Social learning
	11
	0
	2
	13
	84.6



	Social networks
	7
	0
	4
	11
	63.6



	Information sources
	14
	1
	3
	18
	77.8



	Extension and advisory services
	44
	0
	2
	46
	95.7



	Marketing and communication campaigns
	9
	0
	1
	10
	90



	Lack of research, education and knowledge
	0
	7
	0
	7
	100



	Access to market
	7
	0
	0
	7
	100



	Direct marketing
	5
	0
	0
	5
	100



	Short supply chains
	3
	0
	0
	3
	100



	Access to credit
	4
	0
	0
	4
	100



	Market demand
	11
	0
	0
	11
	100



	Lack of infrastructure
	0
	14
	0
	14
	100



	Collective decisions and participatory approach
	14
	0
	0
	14
	100



	Membership in a cooperative
	9
	0
	4
	13
	69.2










 





Table 9. Policy factors affecting the adoption of CSA.
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	Policy Factors
	Driver
	Barrier
	Insignificant
	Total No. of Studies
	% Significant





	Legal framework
	17
	12
	1
	30
	96.7



	Financial support
	34
	0
	3
	37
	91.9



	Bureaucracy
	0
	10
	0
	10
	100
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