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British Columbia’s food system is experiencing an emerging trend in the digitalization of agriculture, which will impact agricultural practices in the province. The rapid growth of this field has created a niche for training and education in digital agriculture and more specifically, in areas such as robotics, artificial intelligence, big data analytics, and computing. However, it remains unclear whether current educators and trainers in British Columbia are communicating both the benefits and risks of digital agriculture, and the need for an inclusive and equitable approach to digital agriculture. To understand the emerging education and training landscape in digital agricultural technologies, this exploratory study engaged in a key informant interview with 12 participants, including educators, relevant government staff, and private training consultants/practitioners in the food and agricultural sector in British Columbia. The small sample is reflective of the nascent nature of this area of research, which seeks to better understand digital agriculture from the perspectives of agricultural educators and trainers both in the public and private sectors. The study found that there is currently a lack of consideration for equity and food sovereignty in digital agricultural training and education. This is primarily due to a gap in engagement with the social aspects of digital agriculture. Without engaging critical social scientists and critical data studies, digital agriculture education, and training may be conducted in ways that do not promote responsible and ethical innovation, and are therefore counterproductive to the development of a just and sustainable food system.
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1 INTRODUCTION
For decades, the agriculture sector in Canada has been undergoing a trend toward a digital agricultural revolution. The promise of digital agricultural technology is that it presents an opportunity for improved productivity and environmental benefits through more efficient use of natural resources (Newell and Taylor, 2018; Rose and Chilvers, 2018). Some of the claimed benefits of digital agriculture are increased yields with fewer inputs, greater environmental stewardship, and social benefits such as less manual labour on farms (Edwards et al., 2020). On the other hand, there are also documented concerns. Weersink (2018) argues that digitization has led to the decrease in numbers of “average-sized farms” in Canada and a subsequent increase in large farms due to technological innovations that accelerate production operations. Older farmers and rural farming communities could be excluded from this agricultural digital revolution due to a lack of accessible training and internet connectivity. Farmers might not always understand the data obtained from digital devices and there are also documented issues of trust with respect to data ownership and privacy, as well as a growing digital divide (Rotz et al., 2019; Weersink, 2018; Bronson and Knezevic, 2019). With the development of more advanced technologies such as wireless communication, big-data analytics, cloud-based storage, and data-driven genomes, this data-driven farming requires specific skills and training. The application of digital agricultural technologies and associated training must consider potential harm, farmers’ concerns, as well as ensure equity considerations and the sharing of benefits from the technology (Wield et al., 2010; Wiseman et al., 2019).
The Government of Canada has invested around $49.5 million to engage agricultural stakeholders from the different provinces in the development of digital agricultural tools (Brunner, 2019). For example, one government program—with a $3 billion budget (2018–2023)—that aims to increase agricultural outputs using new agricultural technological innovations is the Canadian Agricultural Partnership (Government of Canada, 2020). Such financial incentives provide an immense opportunity for Canadian provinces, including British Columbia, to develop their Agri-tech sector. In July 2019, the Government of British Columbia set up the Food Security Task Force to investigate the benefits and costs of digitizing province’s food system (Government of British Columbia, 2020). The findings of the task force identified digital agriculture as the way forward for a sustainable food system which reduces food insecurity and GHG emissions. Some scholars have also argued that such an initiative will lead to an improvement of internet infrastructure to support an increasing range of agricultural activities and countless benefits in rural areas (Bolfe et al., 2020). Another key recommendation by the task force members emphasized the creation of Agri-tech institutions that would facilitate the development of digital agricultural technologies and the training of farmers and students in using these tools (Government of British Columbia, 2020). However, some scholars argue in response to the task force that the focus on technology as a means to achieve food security and sustainable food systems is insufficient and calls for a more cautious approach to the role of agri-tech (Hansen et al., 2020).
It is within this emerging and rapidly changing landscape in both the agricultural sector and agri-food focused institutions that this study will highlight what may currently be a “niche” role of educators and trainers in digital agriculture in British Columbia. Due to what are often polarizing perspectives and communications around the potential risks and benefits of digital agriculture, it is critical to better understand the perspectives of agricultural educators and trainers on how they approach the issue of digital agriculture and identify potential gaps that have not been considered. Moreover, it is important to understand whether or not equity considerations and some of the concerns around the technology are being taken into account in digital agriculture education and training.
With the growing interest in digital agriculture and balancing both the potential benefits and risks around digital agriculture, this study seeks to provide insights into the current trend and the future of digitization within British Columbia’s agriculture education/training sector, including in post-secondary institutions, in the public (via government provided resources and training), and in the private sector (via consultants). The study seeks to address the following research objectives: 1) To explore educators’/trainers’ perspectives and approaches to the benefits and risks of digital agricultural technologies in their education, communication, and training; 2) To assess whether digital agriculture training and or pedagogy includes/consider outcomes such as social equity and food sovereignty; and 3) To identify appropriate policies to promote an ethical and responsible approach to digital agriculture in education and training. By engaging with 12 educators, trainers, and government staff who are involved in providing agriculture and digital agriculture training in the province of British Columbia, Canada, the findings from this study contribute to efforts to better prepare farmers, educators, and students for emerging trends in digital agriculture. Moreover, a better understanding of educators’ perspectives/discourse on digital agriculture can help identify the skills and mindset needed to ensure that learners are exposed to a holistic understanding of both the benefits and the potential limitations of digital agriculture. In this study, a discourse analysis (Paltridge, 2021) will be applied to understand the dominant discourse that is framing digital agriculture training and education, particularly who benefits, and who bears the burden of risk and liability. Discourse analysis can be helpful with respect to understanding how spoken and written words contribute to the construction of certain views of the world (Paltridge, 2021), which in this study is based on how digital agriculture is portrayed by educators and trainers.
2 LITERATURE REVIEW
2.1 Digital Agricultural Revolution: Cause for Celebration or for Concern?
There has been an increasing call for the sustainable intensification of agriculture to reduce the carbon footprint of agricultural activities, increase food production, and improve the economic conditions of the farming community (Lowder et al., 2016; Firbank et al., 2018). Framing this “fourth agricultural revolution” as “smart agriculture,” and “digital agriculture”, public discourse and the media have promoted it as the technological fix of future agricultural and food system challenges (Van der Burg et al., 2019). Digital agriculture may take place in the adoption and use of new technologies, the use of advanced sensor capability, improved data connectivity, and computer-based artificial or augmented intelligence (AI) decision support and self-learning systems (Shepherd et al., 2020). While it is a fact that these digital technologies will change the farming culture of communities and agricultural actors, it is still too early to determine how these are perceived by stakeholders and assess its impacts on the society (Balafoutis et al., 2020).
Precision agriculture focuses on the data generation process which involves on-the-field collection of data through mobile devices, field sensors and satellites. Digital agriculture, on the other hand, goes many steps further by connecting farm equipment to software platforms (Mehrabi et al., 2021; Clapp and Ruder, 2020). The on-farm data is processed using deep learning algorithms and big stack data to enable the farmers or the company to view all production parameters of real-time operations and provide advice regarding seed choice or application of fertilizer and pesticides (Ozdogan et al., 2017; Clapp and Ruder, 2020). These types of tools and information were once exclusively the domain of agricultural extension services but can technically complement or support extension-related work.
Proponents of digital agriculture argue that the use of technology simplifies the complexity of agricultural activities as more detailed and precise data is available to support complex decision-making on-farm; enabling the move “from precision to decision” (Shepherd et al., 2020, pp. 5083). It is claimed that such precise agricultural data paves the way for farmers to be in line with environmental standards and regulation that are becoming more stringent worldwide (Saunders et al., 2016). Furthermore, on a global scale, scholars argue that these digital technologies will provide greater market access for agricultural products as more information about the farm producing the food will create more transparency and traceability through the use of verifiable records and labelling in complex food supply chains (Shepherd et al., 2020).
Some scholars note that the digitization of agriculture would lead to increased production for fewer inputs and a reduction in toxins from agrochemical use due to more precise chemical applications (Basso and Antle, 2020; Shepherd et al., 2020). This phenomenon, in which more food is produced on less land and with less input, is claimed to result in fewer environmental impacts but also increases farm receipt (Garnett and Godfray, 2012). Greater efficiency and productivity are the main arguments of proponents of digital agriculture as it balances the socio-economic and the environmental aspects of sustainable agriculture and the food system (Basso and Antle, 2020).
However, there are also barriers identified by scholars about digital agriculture. For example, internet access in both urban and rural communities is critical to the uptake of digital agriculture and the use of Big Data analytics platforms (Weersink, 2018). Even in 2021, many rural areas of North America and Europe experience a lack of broadband and internet access because internet service providers do not generate the same profit margin as in large cities where they have millions of customers (Pant and Odame, 2017). Moreover, the average age of farmers in Western countries is viewed as a barrier to digital technology as increasing age has a negative correlation with the adoption of technological tools such as computers and online platforms (Tey and Brindal, 2012).
Beyond barriers to adoption, there are also larger concerns around the use of the technology itself and its potential negative impact on farmers. Often, farmers are captured by sales pitches about a specific precision or digital agricultural system, which can make them believe that acquiring that technology will help them increase crop yield or better manage farm issues. However, the ways in which digital tools are marketed, combined with other powerful social forces, trap many farmers in technological lock-in via debt (McKinnon, 2019). Debt is a key mechanism that farmers engage in to acquire an agricultural technology of a specific brand and system (McMichael, 2013; Rotz et al., 2019). Unfortunately, these agricultural systems are sometimes unable to process agricultural data that come from digital tools of other brands, and this not only reinforces the societal dominance of certain technological systems over others, it also leaves the farmer with financial debt and limited data processing capabilities (Rotz et al., 2019; McKinnon, 2019; McMichael, 2013). Additionally, the dependence of farmers on digital software to guide their farming practices reinforces the technological lock-in as farmers lose their traditional way of evaluating trade-offs and may be unable to fix their machinery or perform agriculture without digital support (Carolan M. S., 2017; Rotz et al., 2019).
While digital agriculture promises environmental sustainability, negative environmental consequences can also happen if the technology is not utilized in the safest way due to a lack of strict regulations. Another major concern is the issue of data ownership. Land grabs in the twenty-first century depend on digital knowledge and needs agricultural data. From a digital agricultural technology provider’s standpoint, land represents a block of data and digital agriculture acts as facilitator to capture information about micro-scale qualities of land and lives which are inputted into a data analytics infrastructure operated by multi-national corporations (Fraser, 2019). Such large vertically integrated and multinational enterprises have the data analytic platforms to evaluate the inputted on-farm data (Clapp and Ruder, 2020; Weersink, 2018). Even though farmers agree to the terms and conditions of using digital agriculture platforms, they have little influence in determining consent rights to their data as agricultural companies remain unclear data ownership and whether the data is used for other purposes, such as data sharing agreements with third parties (Custers, 2016; Wiseman et al., 2019). The collection of agricultural data and gene editing by these large agricultural companies make farmers more hesitant to share their data as they fear an agricultural research agenda that will cause economic and environmental consequences (Clapp and Ruder, 2020). Corporate-controlled data analytics platforms are indeed not the most appropriate medium to restore equity among the different agricultural stakeholders and safeguard the privacy and livelihood of small farmers, who feel excluded from the value chain (Weersink, 2018). Sadly, such approach with digital agriculture will continue to widen the profitability gap between marginalized small farmers and multi-national companies.
2.2 Digitization of Agriculture in Canada
When it comes to Digital Agriculture, the Federal Government of Canada is actively engaging the different provinces, education and research institutions, large agribusiness companies and small enterprises throughout the country. With a view to becoming a global leader in digital technologies for food and agriculture, the federal government has launched the Canadian Agri-Food Automation and Intelligence Network (CAAIN) to regroup 61 technology and agri-food companies including eight core partners such as Alberta Innovates, the Vineland Research and Innovation Centre, Olds College, MDA Systems Ltd., Linamar Corp., Lakeland College, DOT Technology Corporation, and TrustBIX share in the $49.5 million contributions from the Strategic Innovation Fund (Brunner, 2019). Additional funding of $15 million will be allocated to other small and medium food enterprise partners to be able to work on an automation and digital technology project to highlight the economic benefits and impacts of digitization of the Agri-Food sector (Morin, 2020). Another federal and provincial program which aims to increase agricultural outputs using new agricultural innovations is the Canadian Agricultural Partnership with a $3 billion budget (2018–2023) in the agriculture sector. The Canadian Agricultural Partnership is cost-shared between the federal and provincial/territorial governments with the federal government contributing 60% of the costs of the program and the provincial/territorial government contributing 40% (Government of Canada, 2020). This funding is beneficial for start-up, agri-food tech companies involved in a wide range of digital agriculture activities such as farm management platforms, the Internet of Things and novel farming techniques (Schmaltz, 2019).
The Government of Canada is setting the path for the gradual digitization of the agriculture and agri-food sector by providing financial incentives and promoting collaboration between agricultural and technology stakeholders more broadly, as well as in academia. A growing number of start-up agri-food tech companies are also collaborating with the Government of Canada as well as academic institutions (Government of Canada, 2018). The fact that industry (including small and medium-sized enterprises and consultancies), post-secondary institutions, research institutes, and non-profit organizations from multiple sectors across Canada are working with the government in the development of digital agricultural platforms outlines the importance of understanding the nuances of communications particularly around the benefits and limitations of digital agriculture.
2.3 Agri-Food Systems Education and Training
In 1870, John Carling, Ontario’s Commissioner of Public Works and Agriculture announced that Canada needed agricultural education in “the science of farming” (Lawr, 1972, 334). The growth of nineteenth-century determinism and the intellectual environment that set the precedence of agricultural education is encompassed in the terminology of “scientific agriculture” with a popular expression at that time based on the idea that “the minds of the agricultural should be irradiated with the beams of science” (Lawr, 1972, 335). Early agricultural education at the University of Toronto in the 1850s saw students take courses in Agricultural Chemistry, Comparative Physiology, Mineralogy, Geography, Surveying, Botany, Management of Property, and Farm Finance (Lawr, 1972). Compared to Canadian agricultural education, the American agricultural education in agricultural colleges flourished with significant public aid and land grants. The Canadian agricultural and education system was very much influenced by the success of agricultural colleges in the United States and the experimental farm model imported from British agricultural training. Reverend Clarke, a representative from Canada and rector of the first agricultural school in Ontario was sent to the United States to study the agricultural school model there. The earliest agricultural school (Ontario School of Agriculture) supported by the government had the hope of not only teaching good farming but also encouraging rural youth to take a farming vocation instead of leaving for the city. In his words, the school should “urge the importance of a higher standard of mental culture and a general uplifting of that noblest and yet most despised of human pursuits, Life on a Farm.” (Ontario, 1871, 15 as cited in Lawr, 1972). Some who supported the school noted that “dirty hands” is not a necessary virtue in a farmer (Farmers’ Advocate, 1877 as cited in Lawr, 1972).
In the 19th century, the science of genetics, animal and plant nutrition, and animal biology was non-existent or still in its infancy. As such, it took after the first world war for new scientific developments on vaccinations, soil testing, genetics that would support the pursuits of agricultural science (Lawr, 1972). Eventually, a key success of agricultural education and training programs were through the provision of local and extension support in arranging crop competitions, short courses, demonstration plots, and providing direct assistance for farmers. College-trained agricultural graduates of Ontario Agricultural College (OAC) became in demand and their expertise not only filled federal and provincial agriculture departments, their expertise was also exported to other countries (Lawr, 1972). In a nutshell, the history of agricultural training in Canada from 19th to the 20th century primarily focused on supporting vocational agricultural programs for the purpose of extension services and on teaching the economics of agriculture (e.g Agricultural Economics) as well as natural science aspects pertaining to agriculture (e.g plant science, soil science, chemistry, veterinary science, and engineering etc). The science focus was done to avoid the stigma of rural life and dirty work on the farm. The extension principles and methods of agriculture developed in North America and Canada were also transplanted in the global South to promote a particular approach of “scientific agriculture” to food production and agricultural development (Gill, 1996, 3).
However, the social aspects of agriculture, including the impact of agricultural practices on society do not traditionally enter into mainstream agricultural training or courses. In the emphasis on scientific agriculture, there has been a gap in considering the social aspects of agriculture. The social consideration of the impact of agriculture is traditionally housed under social science fields such as food studies, sociology and anthropology, and more recently in food systems. Previously, there were very limited avenues to study food systems as a whole (Hilimire et al., 2014). In recent years, however, the number of university programs and food systems related courses increased as agricultural, environmental, and food systems related issues became more prevalent in urban and rural settings (Hilimire et al., 2014; Levkoe et al., 2020). Degrading soil and water qualities, environmental pollution, food insecurity, and accessibility, worsening labour conditions, concerns around food justice, and a changing climate due to industrial agricultural practices began to draw the attention of academia and the civil society in the whole socio-economic and environmental impacts of food systems (Hilimire et al., 2014; Francis et al., 2003). There are growing university and community partnerships around food systems, and an expansion of online food systems-related course offerings (Levkoe et al., 2020). A shift has also occurred in that agri-food system professional, and farmers increasingly need to understand global and local food systems as a whole and recognize the interconnectedness of human and natural systems (Liu et al., 2015). Food literacy education is also shifting beyond nutrition and food preparation skills to increase students’ awareness about sustainable food production methods, the need to value the role of farmers, animal welfare, and the socio-economic and political factors shaping the food system (Sumner, 2015).
Within this context, farmers and agri-food professionals will need to develop the skills to deal with the dynamics, complexity, and uncertainty of the different processes in the food value chain (Shulman, 2005; Valley et al., 2018). As the rise of digital agriculture requires professionals who can analyze agricultural on-farm data and operate these new emerging technologies, post-secondary institutions will play an increasingly important role in preparing students, and future agri-food educators, trainers, and farmers for a world where digitization is more pervasive. However, post-secondary institutions are not the only spaces for farmer education and training as farmers may receive agricultural education training from extension services offered by the government, and private consultants. There is also a long history of alternative ways of knowing, sharing, and dissemination of agricultural knowledge both formal and non-formal approaches (Mars and Ball, 2016). For example, community-based extensions support benefits from the social capital of the local communities whether it be “fee-for-service” or free extension support organized by farmers (Yamada et al., 2015).
While historically there has been limited emphasis on food systems education programs that focus on complex food-system issues such as food sustainability, security, quality, and justice, more courses and programs have been established in several North American universities in the past decade (Jordan et al., 2014). Food justice and food equity studies have grown with the increased understanding that developing an agri-food system that is sustainable requires a holistic approach that considers environmental, social, and economic considerations (Migliorini et al., 2020). Equity in the food system also entails consideration of intersectionality and anti-oppression, particularly with respect to race, gender, class, and other factors that may result in inequalities (Sbicca, 2012). Concerns around inequity in the food system are addressed in the various works of social scientists ranging from the lack of justice in migrant labour (Weiler et al., 2017), to inequities in food access for Indigenous peoples (Skinner et al., 2013) and more. While digital agriculture is covered extensively in natural science and technical science literature, in social science, there is only a scattered and emerging body of work investigating the social aspects of digital agriculture (Klerkx et al., 2019). Carolan (2018) found it surprising that social scientists have only recently started to explore what the Big Data revolution in agriculture will mean for farmers and food futures.
2.4 Discourse Analysis of Agri-Food Educators and Trainers
Currently, there is little in the literature to help students or farmers interested in digital agriculture to better understand the nuances (opportunities, risk, and limitations) and the implications of a food system that is highly digitized. As this field is still emerging, agri-food system practitioners, farmers, educators, and students need to start thinking seriously about digital agriculture as it is becoming a major component of the food system and as noted above, there are implications in how digital agriculture may impact everything from land use to food production, data collection, resource management, and more. An understanding of digital agriculture is key to prepare future food system professionals to better deal with its impact, opportunities, and its potential unintended consequences. Discourse analysis is a useful tool in understanding the framing of digital agriculture from the perspectives of educators and trainers that will impart training in this field. The method has been used to understand the perspectives of agricultural extension service workers and improve extension practice accordingly (Fleming and Vanclay, 2009). While the term discourse analysis is used in different ways by scholars in diverse fields (Fairclough, 2003), according to Paltridge (2021), discourse analysis examines patterns of spoken and written language including the relationships between language and the broader social/cultural contexts. It also considers how worldviews and identities are constructed through the use of discourse (Paltridge, 2021). In his approach to discourse analysis, Sinclair (2004) argues that analysis of meaning in discourse should be the key focus. Scholars working in Foucauldian discourse analysis are particularly interested in analyzing power (Cheek, 2004).
Unpacking power and meaning through discourse analysis in the context of digital agriculture is important. The historical context of agricultural education in Canada has sought to break free from the stigma of agriculture as hard labour that is non-scientific and “getting one’s hands dirty,” to “scientific agriculture” achieved through radiating the brains of “young men” with “the beams of science” (Lawr, 1972, 335). As such, understanding communication around digital agriculture is particularly important. Digital agriculture in its form seems to be the pinnacle of rational scientific agriculture that takes the literal “dirt” out of the business of farming. When data analysis from digital agriculture is seen as neutral, transparent, efficient, and rational, it takes away from the human dimension of agriculture and the human/corporate values behind data algorithm. Bronson et al. (2021) has identified the potential human impact of data bias in digital agriculture, thus perforating the notion of analysis of agricultural data sets via digital agriculture as unbiased and simply telling “the truth”. As it pertains to telling the truth, Miles (2019) cautioned that despite the framing of digital agriculture as revolutionary in promoting sustainability and solving global problem of hunger, the proponent of the technology seems to be rooted in the same values of intensification and the structures of capitalist organization of production that offer little in terms of equitable transformation. Discourse analysis can help unpack these structures through the analysis of educators and trainers’ perspectives.
3 METHODOLOGY
3.1 Case Study: British Columbia
Most of British Columbia’s fertile soils are found in sinuous river valleys such as the Fraser River Valley, deltas, and the plains of the northeast. As per the Canadian Land Inventory, only 5% of the province 92,250,929-hectare land area is suitable for agriculture, 2.7% is capable of growing a reasonable range of crops and 1.1% is prime agricultural land (Smith, 2012). B.C. producers led the nation in farm sales of blueberries, sweet berries, prunes, raspberries, apricots, and pears while ranking second in farm sales of floriculture products, mushrooms, and watermelons and apples (AgriService B.C., 2019). The decreasing national trend in the number of farms and an increasing average of farm operators are also reflected in the agricultural landscape of British Columbia (Statistics Canada, 2021). A rise in the adoption of precision and digital agriculture tools has also been observed among British Columbia’s farming population to modernize and boost farming operations while the number of people employed in the province’s agriculture and agri-food sector is on the decline (Statistics Canada, 2021).
British Columbia remains the most diverse agricultural province in Canada since it produces over 300 agricultural products ranging from fruits and vegetables, dairy, livestock, poultry, eggs, fish, and seafood (B.C. Food Security Task Force, 2020). In 2016, around 50% of farms were using computers for farm management purposes and 1,432 out of 17,528 farms, which represents around 8% of all farms make use of Geospatial technology such as GPS technology and GIS Mapping (AgriService B.C., 2019). When it comes to automation technology, 12.8% of the farms in the province have already started using automation technology and the most common ones being automated animal feeding and automated environmental controls for animal housing (AgriService B.C., 2019). All these facts highlight the trend of digitization in the province’s agricultural sector, and an equitable outcome in the realm of digital agriculture will require coordination among the provincial agricultural industry, academia, government, and other food and farming stakeholders.
3.2 Research Design
Digital agriculture education and training occurs in many different places including in classrooms, in the field and through online resources. As such, to evaluate educators’/trainers’ perspectives, strategies, and approaches to digital agricultural technologies in their education, communication, and training; and to assess whether digital agriculture training and or pedagogy includes/consider outcomes such as social equity and food sovereignty, we identified a broad range of relevant groups who offer educational or training services around digital agriculture. The first group of key informants are individuals from universities/post-secondary institutions with an agriculture/food system focused department (“Academic”). We specifically excluded nutrition/dietetics focused programs. A preliminary internet research found that only 8 out of 25 post-secondary schools (public universities and colleges) have an agriculture or food department in British Columbia. This represents a percentage of 32% of universities and post-secondary colleges addressing food and agriculture issues of the province. Post-secondary institutions that tackle agricultural issues in British Columbia include the Faculty of Land and Food Systems at the University of British Columbia, the Institute for Sustainable Food Systems at Kwantlen Polytechnic University, British Columbia Institute of Technology, Simon Fraser University, and the Food and Agriculture Institute at the Fraser Valley Institute. The second category of key informants are private consultants and agricultural trainers (“Consultants”) who specialize in training farmers/agri-food system professionals on agriculture more broadly, and digital agriculture specifically. Farmers may pay to attend their workshop, or the trainers/consultants may go directly into the field to conduct private training. Private trainers may provide practical hands-on lessons on digital agriculture, including but not limited to, how to use drones and applications. The third category of key informants are public sector workers (“Government”) who provide educational resources, extension related work and training on a broad range of digital agriculture, including open access resources and online information. They may conduct outreach activities to promote digital agriculture resources, or farmers who are already familiar with their services may reach out to them.
This research project was conducted amidst the first wave of the COVID-19 pandemic (July 2020 to November 2020) and all in-person research activities had been suspended by [Name of University’s] Research Ethics Board (REB). To meet the objectives of this study, a qualitative research method was adopted which would not require in-person research activity. While 31 relevant individuals were identified and initially contacted for a semi-structured key informant interview, due to COVID-19, many of the potential interviewees, particularly post-secondary educators noted challenges around scheduling, as such, the final tally of key informants included a total of 12 participants from academia (n = 4), government staff (n = 4), and private trainers/consultants (n = 4). The educational background of the educators and trainers vary, with all the participants, except for one, holding graduate degrees (Masters and Doctoral degrees). Five of the participants interviewed had doctoral degrees. Some of the participants hold interdisciplinary degrees covering both the natural and social sciences. Educational backgrounds include but are not limited to, soil science, agrology, Geographic Information Systems, pest management, sociology, resource and environmental management, environmental studies, agricultural education, horticulture, agroecology, ecology, biology, mathematics, and physics. Compared to the natural science/hard science, there were fewer social scientists trained educators interviewed (e.g. sociology, environmental studies). Due to the small number of educators and practitioners knowledgeable about digital agriculture in British Columbia, we have avoided connecting the quotes with the participants’ academic training or listing detailed information about the educational background of the interviewees as this might identify the participants in our study.
A gift card of $ 25 was offered to all interviewees as a token of appreciation and several declined. The interviews lasted between 25 and 55 min. Although all the interviewees are experts in teaching and training on food and agriculture, some interviewees had only cursory knowledge of digital agriculture, which we will discuss further in the findings.
All the interviews were conducted by phone or Zoom and then transcribed verbatim. The contents of the interviews have been anonymized and interviewees are identified by sector (e.g academic, government, and consultants). NVivo Data Analysis Software was used to analyze the codes from the interviews. The interview transcripts were uploaded, and a thematic coding approach was used to code the interviews by assigning a “node” for each main theme related to each interview question. The interview transcripts and the responses to each interview question were reviewed to highlight important quotes and emerging ideas from the answer and assign them to its specific main theme node.
In applying discourse analysis (Paltridge, 2021), the statements were analyzed to better understand participants’ perspectives around digital agriculture, particularly as it pertains to educators’/trainers’ perspectives of the benefits and risks; to assess issues of equity and food sovereignty; and to identify appropriate policies to promote and ethical and responsible approach to digital agriculture education and training. The findings from the study are categorized into key themes based on the NVivo coding. In this paper, we will focus on how the participants approach the topic of digital agriculture in their role as academics, consultants, and as government staff who provide resources on the field. Their approach, perspectives, and communications as it relates to the topic of digital agriculture informs and will shape future generations of agri-food professionals.
3.3 Limitations
The study was conducted during the first wave of the COVID-19 pandemic and since there was a ban on social gatherings, the recruitment of potential participants via emails was not as fruitful. This was particularly the case for the academic participants in the study as the COVID pandemic increased the workload of many post-secondary educators. One aspect to note is that since there are not very many educators and trainers working in this field, those who work in this field are expected to know the newest agricultural trends, technologies, and various aspects of digital agriculture.
3.4 Findings
In the following section, we have structured the findings based on the three research questions posed in this study. Although the findings are categorized based on the three overarching research questions, there were overlaps in some of the themes.
3.5 Educators’ and Trainers’ Perspectives on the Benefits and Risks of Digital Agricultural Technology
3.5.1 Varying Definitions of Digital Agriculture
Prior to identifying the benefits and risks of digital agriculture from the perspectives of the interviewees, it is important to first identify the educators’ and trainers’ perspectives on what is meant by digital agriculture. Considering that the individuals we interviewed came from diverse disciplines and fulfilled diverse roles, setting the baseline on definition is useful.
Digital agriculture is an interdisciplinary field which involves agriculture, mathematics, engineering, computing science, and more. While the professors and experts interviewed are agri-food experts, it was very difficult to find someone knowledgeable in all of the aspects of digital agriculture. Despite the Canadian governments and the private sector investing millions of Canadian dollars in the agri-tech industry, digital agriculture is a relatively new concept, and most of the universities are not currently focusing on this topic. Those that do cover the issue in general still have a cursory or very specific knowledge for a particular technology.
As noted in the literature, there are multiple definitions of digital agriculture (Shen et al., 2010; Kooistra et al., 2015; Ozdogan et al., 2017). The first question asked to the participants was how they would define digital agriculture. Out of the twelve interviewees, eleven participants gave general and neutral comments about how agriculture and technology are currently more intertwined due to the increased use of computers, sensors, drones, cellphones, and decision support systems which contribute to gathering and analyzing on-farm information by farmers. Six participants elaborated on the relationship between data collection and the use of algorithms and big data to analyze on-farm data. On the other hand, another five participants defined digital agriculture as the same as precision agriculture. While some precision agriculture can indeed be part of the suite of digital agriculture, digital agriculture is much broader. This finding has implications for learners as it shows that some of the participants are conflating precision agriculture with digital agriculture, when precision agriculture is mostly concerned with using tools and equipment to collect granular on-farm data so that farmers can monitor farming activities. Digital agriculture on the other hand also covers advanced analysis on digital platforms to create value out of the data. Duncan, Abdulai and Fraser (2021) use the term “digital agriculture” to cover any form of information and communication technologies used in the field to make automated or non-automated decisions and practices. The conflation of digital agriculture with precision agriculture has implications as learners might not be exposed to the broad scope and diverse range of digital agriculture and applications. Although eleven of the participants defined and communicated digital agriculture in more neutral terms, one academic had negative views about digital agriculture and defined it as the following:
High technology, high-cost, and technologically dependent agriculture that only those with the most money can benefit. Although I know technology is part of our sustainable future, what immediately comes to my mind [when thinking about digital agriculture] is an unsustainable future. (Academic 1)
This statement demonstrates that within the realm of food and agricultural training, digital agriculture is a loaded term. As noted by the interviewee above, they felt that “only those with the most money can benefit” from digital agriculture (Academic 1). It is important to note that due to the broad nature of digital agriculture, digital agricultural tools can in fact include low-cost mobile technologies or free apps, and may not necessarily be as costly as other digital agriculture tools such as automated artificial intelligence controlled smart farming systems (Duncan et al., 2021). As such, it is clear there are gaps in understanding the diversity of digital agriculture tools available (both low cost and high cost), and the types of practices and technologies included are not necessarily agreed upon.
3.5.2 Benefits of Digital Agriculture
Concerns and opportunities have been identified around digital agriculture as noted in the literature (Rose and Chilvers, 2018; Weersink, 2018; Rotz et al., 2019; Edwards et al., 2020). As the participants interviewed are involved in the training of future students and farmers, it is important to understand the discourse around the benefits of digital agriculture. In this section, beyond the direct benefits of the technology as stated by some of the educators and trainers, they also noted the benefits of employment and training opportunities. We therefore identified the types of digital agriculture training and education currently offered by the trainers and educators. In general, there was a wide range of responses concerning the benefits of digital agriculture use; the main ones being the potential emergence of open-source data platforms, more precise agricultural practices, and the labour-saving aspect of farming. Five participants identified open-access platforms and open-access data as an important benefit of digitizing the agricultural sector and as an opportunity to equitably distribute the benefits of digital agriculture. Two educators stated that digital agriculture would act as an equalizer in terms of information access. One stated that “there is this whole world of open access/open-source technology and communities surrounding these that can promote equity” (Academic 2). The promise that digital agriculture could lead to more precise agricultural practices was shared by five participants. One educator explained how such a benefit would happen:
Digital Agriculture presents the possibility of…instead of reducing the complexity, we take all the complexity, and we learn from that. But to do that, we need to have a large enough data set. So, the only way to deal with complexity and all these interacting components is to have enough data. Hence, Digital Agriculture provides the opportunity to have these large data sets to analyze the complexity so that we pull out some lessons to enable us to more precisely manage agriculture. (Academic 3)
Another private trainer emphasized the potential to improve resource use by making agricultural practices more precise and targeted. As one consultant noted, “digital agriculture would allow for more efficient use of resources. Whether it is water and fertilizer, it would be used in a more precise way.” (Consultant 1). As identified by most of the interviewees, making agricultural practices more precise can be achieved by gathering large sets of on-farm data and analyzing these data sets so that a farmer knows how much agricultural inputs to put in different sites of the farms. While this may be more relevant in the context of large, monoculture farms, the idea promoted is that with more data, better information can be obtained and therefore help influence farmers’ decisions in terms of yield, production, income, and energy use. With regards to opportunities, digital agriculture has been framed as an evidence-based and scientific approach to promote better resource and environmental management. Moreover, when mobilized in the form of open access data, one participant noted that “it [referring to digital agriculture] could be a great equalizer” (Academic 3).
Out of the four academics, three were involved in assisting students with digital agriculture projects. These projects were more about using digital software to analyze research data on agriculture. One professor explained:
I require everyone to complete a research project which includes a statistical analysis and students must take a statistics course as a prerequisite for the research project. I also teach experimental design and analysis and we use R-based analysis techniques. Honestly, there are some students that are excited about the open-source and open-access capacity of R as an easily powerful modifiable tool while some students are absolutely intimidated by it. (Academic 2)
Several professors also work in developing open access apps and work with open access digital software (Academic 4) to train data scientists. Machine learning and big data analysis are the focus of digital agriculture training at the tertiary level. Much emphasis is put on the statistical analysis of environmental data to enhance the technical skills of students for the world of work. This is explained by one professor:
I purchased a drone to be able to use in my undergraduate courses. The machine learning that we use in our lab is a combination of regression analysis … So, they need to be literate in the concepts and our graduate students need to have the skills because this is what is cutting edge. It is a place where you could create a niche where students are able to engage with agricultural systems or agricultural management that they otherwise would not. I would say around twenty percent of the students who contacted me would be interested in digital agriculture. (Academic 3)
Three government officials elaborated on the different web-based free open access digital tools such as the soil nutrient calculator that the Ministry has developed to help farmers adhere to regulations and improve their farming practices. One government official who has been involved in the development of digital platforms for agriculture stated that a significant amount of funds for training has been invested in digital agriculture training and education including on how it can assist with issues of climate change:
One example of regional support, we provide a lot of money to an organization called the Climate Action Initiative and where possible they develop educational and training tools. They help educate farmers on how a changing climate will impact farming and sharing tools and resources that will help them adapt. So, for example, they will often go out and go to a workshop in a region on irrigating in a changing climate and that story will also be promoting the water calculator and soil nutrient management tools. (Government 2)
Another government official identified student cooperatives (paid internships) as important training programs for digital agriculture. He noted that co-op students from universities are also hired and work on agricultural projects, therefore providing practical employment opportunities. While students gain basic technical skills during work on school projects, a co-op placement in the provincial government or even private sector helps them to apply their technical know-how and get the experience of working in their field. Two of the private consultants interviewed were directly involved in assisting farmers with digital agriculture. One of them stated:
We have also been involved in some work with drones and infra-red to get better information about soil mapping and the field to help farmers to plan, how they fertilize and how they manage crop nutrition based on the information of different types of fields/soil type. We were also involved in work using sonar technology related to field drainage (different sorts of soil drainage of the field). (Consultant 1)
The method of education and training used by consultants, government staff and professors included both online and in-person training, in classroom and at the farms.
3.5.3 “Move With Caution” Risks of Digital Agriculture Technologies
In identifying potential risks and harms, the participants identified concerns around data ownership by large corporations, potential use of data for harmful purposes, negative unintended consequences, natural resource exploitation, increasing debt, and surveillance by government. To sum up the findings, there was an overall theme of “move on with caution.” There were various expressions of concern amongst the participants on the potential harm of digital agriculture. Many of these concerns raised by educators and trainers were concerns relayed from farmers or students that they work with or from secondary research. During the interviews, seven out of the twelve interviewees identified data ownership as the main concern of farmers and users of digital agriculture. The control and use of farmers’ data by multi-national companies is an ongoing practice, particularly as more digital platforms are offering solutions and analyses to farming challenges. One professor expressed that the older generation of farmers which constitutes the majority of the farming community faces difficulty in understanding what is happening to their data and where it is kept. Surprisingly, the participant (Academic 4) also identified that farmers are not only afraid of their data being used by multinational companies, but they are also concerned about data being used by the government. When one government official whose task includes providing resources on digital agriculture was asked about whether there is trust in governmental institutions around digital agriculture and data, she explained the issue has to do with the fear of potential surveillance:
There are concerns about government oversight and regulatory issues that farmers face … If you are a very small farmer and not making a lot of money, you may not be fully paying all of the required taxes. There may be some loopholes that people are using, and they are concerned if we have their information and premises identification, we will be giving these to the CRA or even water licensing people. There is a lot of concerns over sending information into the government “Blackbox.” We see a lot of things such as we send them an email and on the same day, they get an email from other ministries such as water licensing, they automatically assume that we have been giving that information. (Government 1)
Agricultural data plays a major role in the proper functioning of farms and if farmers are the sole proprietor of their data (which ties to the second research question on food sovereignty), they recognize the strength and weaknesses of their own activities. If other external forces such as the government and multi-national companies are at the receiving end of such digital platforms and data, farmers are concerned that their weaknesses and strengths will be shared in the public domain. In a nutshell, digital agriculture may be viewed more of a liability than a benefit for them.
The next risk identified is the potential exploitation of resources. As one academic noted, while there is enthusiasm and excitement in incorporating digital technology into agriculture, it is important to move with caution, particularly as it pertains to unintended consequences around the potential elimination of ecosystem services:
…there is a lot of enthusiasm and excitement related to ways we can incorporate digital technology into our framing system. I think digital agriculture is wanted but we need to move with caution. There are some movements towards highly technical farming which could end using far more resources because these eliminate ecosystem services when we try to replace ecosystem services with technologies. (Academic 2)
In addition to potential environmental impacts, another challenge identified as a key theme is economic risk, particularly debt. Three of the participants believed that investing in digital agriculture would result in an increasing debt load for small-scale farms. One of the academics interviewed is particularly concerned by the livelihood of small-scale farmers and advanced that farmers should think carefully before investing in new technologies as their return on investment may not always be economically viable. He explained:
Technology is invested and wasted. We have these supply managed commodities here in BC. The dairy industry is one of them and dairy people have the most debts of any of the farmers and yet they are guaranteed income. Their debt is all about technology because they keep innovating. This is the concept of the technological treadmill. What it has done to farming and the economics of farming. You adopt these technologies to increase your production (early adopters), and everybody adopts it and then it becomes a fixed cost to production. Everybody is producing more and therefore the value of production is less … And you are left holding the bag and therefore farms are going broke left and right. (Academic 1)
As identified in the literature review, many farmers are faced with being “locked-in” to certain agricultural technologies (McKinnon, 2019; Rotz et al., 2019). Farmers tend to acquire these genetically modified seeds or agricultural technologies by engaging in debt. This concern is echoed by one private training consultant who believes that financial literacy is key and communicating the need for farmers to thoroughly assess their digital agriculture investments is critical to avoid further debt. He explained:
You got to bring the financial equation in and do a study… how much they are paying in debts per year vs the increased returns compared to that debt, compared to the interest rate at the time. Right now, the interest rate is very low (down to 0%) and farmers might think that it is a good time to get into the market for buying equipment and they gamble on the fact that the world economy will recover in three to four years. In this case, the interest rate will go up to 5% and they will be hooked. I think this question needs to be asked parallel to the financial dimension of the investment of all that equipment. Anyone teaching farmers about these kinds of stuffs should be ready to open the spreadsheet and be honest around the numbers (Consultant 2)
In identifying the need for financial literacy, there is an emphasis on farmers’ personal responsibility or the educators’ responsibility to assess the economic merit of digital agriculture. However, the sheer amount of information on digital agriculture, the technical jargon, complex software and algorithms may make it difficult for farmers to fully recognize the economic and legal risks, as well as benefits of adopting a particular digital agriculture tool.
3.6 Social Equity and Food Sovereignty: A Missing Link in Digital Agriculture?
Equity concerns around digital agriculture were primarily framed on the lack of access to the technology, barriers to the adoption of the technology, and barriers to benefitting from the technology. Despite several participants expressing concerns regarding equity issues and advising to move forward with caution, few focused on integrating equity considerations as part of their training on digital agriculture. Most participants were focused on the practical usage of the tools and data analysis. If equity was included, it was mostly to consider how to create more access or developing apps that ensured farmers had ownership of their own data. For government staff, the notion of digital agriculture as “the great equalizer” can be mobilized by open-access digital agricultural platforms and offering cost-shared programs for farmers to make the technology more affordable and accessible. The question of whether or not digital agriculture will be able to transform an inequitable system, and whether or not there is a role for the perspective of critical social science is currently missing in most of the perspectives of educators and trainers (with a few exceptions). With respect to inequities in the food system, particularly between smaller farmers and larger operations, one consultant expressed concerns that digital agriculture adoption could alter the food system landscape in rural areas and many family-owned farms would be financially affected if they do not sell out to big companies:
Digital agriculture is adopted more easily by larger operation farms and more commercialized farms and is less likely to happen on family-owned farms. In the context of generational change, it will continue and there will be a trend towards larger corporation and more digitally integrated and it will lead to a reduction in the number of family-run operations that will have an impact on the agricultural landscape in the [Name of region] …Family-owned farms will be selling out/leasing their lands to big operations. (Consultant 3)
With respect to smaller farmers being squeezed, one government official had a more positive outlook on how digital agriculture could help with social equity. The main argument was that technological innovations continue to happen in all sectors and digital agriculture is useful for reducing farmers’ workload:
The technology side could attract more farmers to some extent. Because farming was thought of initially as weeding and feeding and technology changes how it [agriculture] is being done. It is appealing and could be attracting more people than it would in the past. (Government 2)
The labour argument has been identified in the literature with automation potentially reducing the need for labour and labour cost (Rotz et al., 2019). However, there may be negative unintended consequences to reducing farm employment and making farm labour disposable, especially since the agricultural sector employs many people.
In addition to equity, the study is interested in understanding whether digital agriculture training and pedagogy includes considerations for food sovereignty. Food sovereignty is another key ingredient in the development of a just and sustainable food system. Food sovereignty is defined as “the right of local peoples to control their own food systems, including markets, ecological resources, food cultures, and production modes” (Wittman, 2011, 87). Themes around food sovereignty issues were limited and arose with regard to three issues: surveillance and data ownership, concerns around land grabs, and the loss of tangible agricultural knowledge due to a dependence on technology to make the decision. With respect to data ownership and data use, one professor commented on how multi-national companies have misused agricultural data from small farmers to grab their fertile agricultural land:
There are several studies on land grabbing that has access to information about land productivity potential, that has become more available to multi-national corporations… There are bundles of studies coming out about data colonialism. (Academic 4)
Despite using the term “data colonialism” in the context of land grabbing, there was no mention of Indigenous issues around digital agriculture or land access in any of the interviews. This is a major gap considering that agriculture in the province is largely practiced on unceded Indigenous territories. In not recognizing the importance of traditional ecological knowledge and Indigenous land, digital agriculture may be taught in a way that is antithetical to Indigenous food sovereignty. Another aspect of food sovereignty highlighted by one educator is concern around the potential loss of tangible knowledge. One professor raised a concern that farmers who adopt digital agriculture could be too reliant on digital data and would lose the ability to make decisions based on their observations and experiences:
If we build agriculture in an engineering system, rather than a biological system, we lose this connection to what is intuitive on the land. I guarantee you that the people who are good at digital agriculture and analyze these big datasets are not the people who will make decisions on the ground to keep plants and animals alive. (Academic 3)
The argument is that farmers should have the necessary tacit farming skills to ensure resiliency in the event of technological breakdown (Carolan M. S., 2017).
3.7 Policies for Ethical and Responsible Education and Training in Digital Agriculture Innovations
To better support responsible and ethical education, training, and innovation in digital agriculture, it is important to address the many barriers to access and adoption. Many of the participants argue that the infrastructure and resources to employ digital agriculture is not sufficient in the province. There are currently numerous barriers to the access of digital agriculture in the farming community, which limit who may benefit from the technology. However, there were interesting responses arguing that digital agriculture is diametrically opposed, and therefore cannot be reconciled with regenerative forms of agriculture. The table below (Table 1) shows the frequency of the barriers to digital agriculture adoption identified by the twelve participants.
TABLE 1 | Frequency of the different barriers mentioned by the 12 participants.
[image: Table 1]The issue of “digital divide” around internet access was mentioned by seven participants as both an equity issue and a barrier to adoption that needs to be addressed by policymakers. Many rural parts of British Columbia are still excluded from internet access because internet service providers are not investing in the infrastructure due to smaller populations and more physical constraints. One professor stated that before focusing on digital agriculture, this gap needs to be addressed and is a role that the government should support:
The places where most marginalized framers are the places with the worst internet access. You can have all the digital technologies in the world but if people cannot afford a data plan, they are left out. (Academic 4)
Five participants mentioned that a lack of training and education deters many farmers from adopting digital agriculture since they are unsure of how to use digital agriculture devices. This is largely due to digital agriculture being developed without necessarily engaging and considering farmers’ ability to use or understand the technology. As noted in the previous section on training in academic institutions, at the back end, digital agriculture applies extensive statistical analysis, regression, computer science, and modeling. In a way, it may further divide farmers. When trying to fix digital agriculture based farm tools, farmers are faced with “digital locks” on technologies or proprietary software, which means that farmers ability to fix is limited (Carolan M., 2017). One private consultant (Consultant 3) expressed that digital agriculture would be more viable if farmers have a support system “where there is a full-time technician who responds to the technical issues faced by producers.” These types of support require stronger investment in extension support, which is currently limited in British Columbia.
What is perhaps interesting is the view of three participants that regenerative organic farming is incompatible with digital agriculture. This perspective emphasizes the polarization of this technology despite digital agriculture comprising a broad spectrum of technologies and analytical tools that can be utilized by regenerative and organic farms. There is a lack of current engagement between digital agriculture proponents and developers with regenerative agroecological farmers/groups. Some of the more complex, automated, “intelligent” technologies are also developed for larger monocultural farms and are not conducive to more diverse landscapes. One academic was quick to note that some of the digital tools used in digital agriculture is not new at all:
when I think about databases for example, they quickly supplanted paper records, spreadsheets became very useful, GIS systems for farms- have been used since the 1990s—these are digital technologies and applications. As digital technologies improve, there is a greater opportunity to apply new capacity to farm (Academic 2)
He continued to explain that digital agriculture depends on who owns the technology, how the technology is designed, how the information is used, and for what purpose. This is where digital agriculture can either be used ethically and responsibly, or used to promote harmful practices.
In terms of the future of farming and digital agriculture, access to agricultural land remains the main obstacle for people to be involved in agriculture (White, 2012), but it has been argued that digital agriculture represents an opportunity to attract young people to the field by providing them with highly specialized skills to understand best practices in an increasingly digitized agricultural sector (Panday, 2017). While proponents of Digital Agriculture (Balafoutis et al., 2020; Basso and Antle, 2020; Shepherd et al., 2020) always refer to digital agriculture as the future of agriculture, it was very insightful to hear what the participants had to say about youth and digital agriculture. Nine out of twelve interviewees affirmed that digital technology is not the critical factor that draws young people to the field of agriculture. One consultant stated:
Digital agriculture makes it easier for young people to understand what they are doing and how their actions influence their outcome. If young people are not interested in agriculture, Digital agriculture would still not make them want to farm. Young people who want to operate these self-driving tractors but who are not interested in grain farming will be less likely to get involved in agriculture (Consultant 3).
Another academic noted that despite teaching digital agriculture, two-thirds of his students would rather not have to worry about the technology (Academic 2). Three participants including one professor and two consultants pointed out that most young people who want to become farmers do not have the capital investment to acquire land, nor can they afford digital farming equipment such as self-driven tractors, computers, and drones. Moreover, they argue that those young farmers are focused on community-scale farming and will only adopt a specific technology if it aligns with their vision of a sustainable food system. One professor explained:
This new generation of farmers want a very different life. They are not very hyper capitalistic. They do not see themselves first and foremost as businesspeople like other modern agriculturalists. They feel connected to the land, to plants and animals and to the process of producing wholesome food or the community they feel connected to. They will embrace technology that will help them to achieve this goal and not antithetical to that. This is what I think (Academic 1).
The perspective above speaks to a clash of values between what has been framed as a hyper capitalistic approach (i.e digital agriculture proponents) versus a new generation of farmers that have different lifestyles and worldview(s) with respect to farming. Technology will be embraced if it can help farmers achieve the wholesome food system that they would like to see. As the professor noted, the idea of “wholesome” is portrayed as a system that is interconnected between people, land and animals. If technology serves to detach this interconnectivity, it would not be accepted. All of the participants highlighted the responsibility and role of the federal and provincial government in designing policies that would address concerns around the adoption of digital agriculture and to better improve the distribution of benefits. Three of the participants (all professors) emphasized the ethical responsibility of governments to regulate agricultural data that corporations are controlling at the expense of small farmers. They believed that the government should decommodify the food system and the food production industry by engaging more agricultural stakeholders and safeguarding the livelihood and data privacy of small farmers. This perspective is echoed by other scholars (Weersink, 2018). For digital agriculture to be considered as an equalizer, one professor stated:
Right now, big companies see digital agriculture as a money-making venture to consolidate power at the expense of the society. There is an important need for not only ethics but for serious regulations and I think this is a very important place for government to step in with a heavy hand and make sure that what happens in this wild west starts to benefit small agricultural stakeholders also. I do not trust the companies at all, and if the government steps in and starts to realize the value of this data, digital agriculture could be a great equalizer (Academia 3).
However, as noted previously, farmers may also have concerns around government surveillance. As such, data ownership is a challenging issue that needs to be explored further in the development of ethical and responsible digital agriculture innovation.
4 DISCUSSION
Of all the different revolutions in agriculture, digital agriculture stands out in its method of collecting large volumes of data (i.e. Big Data), and in how it is designed to take out the extensive knowledge it takes to do farming, and “simplify” the process of decision making through digital agriculture tools (Liu and Sengers, 2021). Digital agriculture is premised on the idea that with the press of a button, evidence-based recommendations will be provided to farmers based on harvested farm data (e.g water, soil, and temperature etc). Instead of humans advising humans, artificial intelligence, modeling, and algorithm can provide this advice and “tell the truth” (Miles, 2019). Despite being identified as a “revolution”, Miles (2019) argues that digital agriculture is simply a continuation of the status quo of conventional farming, but one that is structured around informatics and algorithmic principles. Although most proponents have discussed digital agriculture as a way to simplify decision making process, one academic noted that digital agriculture is not really about reducing complexity, but rather about considering “all the complexity” and learning from that through gathering “a large enough data set” (Academic 3). Yet many questions remain, namely, who manages the data and who will be served by the data?
In fact, the question of “who will this technology serve?” was raised by many of the participants in this study. Several academics and training consultants raised concerns over the cost of these technologies when so many farmers are already straddled with debt. These questions are relevant as current studies have shown that smaller and more diverse farms are not supported by current digital agriculture tools (Bronson, 2019). One private consultant identified the need for farmers to have the full set of financial information and projection to be able to make informed decisions about potential investments in the technology as the full economic risks are not clear. The issue of technological treadmill, which intensifies corporate dependency has been addressed extensively in the literature (Carolan, 2020) and was also raised by participants. As the cost of digital technologies increases yearly, farmers may undertake more debt to keep their farming production line economically viable (Rotz et al., 2019; McKinnon, 2019; McMichael, 2013). Although most of the of the participants provided neutral definitions of digital agriculture, there were clear tensions in how digital agriculture was communicated and perceived by some. For example, one academic educator equated digital agriculture with “high cost” technologically dependent agriculture that only those “with the most money can benefit from” (Academic 1). Others are similarly cautious but see digital agriculture as having the potential of being the “great equalizer” (Academic 3). There is tension in discourse because the definition of digital agriculture can seem all encompassing, covering a broad range of low cost to high-cost technologies. While many digital technologies (e.g. cellphones, online spreadsheets) have been used by farmers for a long time and are not necessarily new, there is recognition that digital agriculture is a new approach to gathering and using agricultural data, so as one academic argues, we need to “move with caution” (Academic 2).
Interestingly, there are significant differences between the perspectives of government interviewees and academic perspectives on opportunities in digital agriculture. The government staff interviewed felt that digital agriculture will attract more people to farming, especially youth, and especially those who have negative views of farming as a profession where one has to do “weeding” or “feeding” (Government 2). This excitement for digital agriculture is similar to the sentiment of the past with the idea that the new crop of farmers entering agricultural university should not need to get their hands “dirty” (Lawr, 1972). In contrast to the government staff, trainers and academics doing the work with farmers and students respond in a less enthusiastic or more neutral way. As these educators and trainers disseminate knowledge and training on agriculture and digital agriculture, the issue of the skillset needed to participate in digital agriculture naturally came up. Educators and trainers discussed using sonar technologies, to teaching regression analysis and R-based analysis for the purposes of digital agriculture. However, beyond farmers being seen as hesitant to learn (due to age etc.), educators noted that the majority of their students in post-secondary institutions studying agriculture were intimidated by digital agriculture, and in the word of one professor who teaches students how to use drones and analyze statistical data, most of his students who want to enter into farming “would rather not worry about digital agriculture” (Academic 2). As Academic 1 noted, there is a new generation of students interested in farming who are seeking a different lifestyle, who are not “hyper-capitalistic” and seek more connection to plants, land, and animals to develop wholesome food systems. A question to consider is whether digital agriculture will disconnect or better connect people with plants, land, and animals.
The issues stated above have to do with the concept of knowledge “legibility” as discussed in the literature by Liu and Sengers (2021). In terms of equity and food sovereignty, the work of Liu and Sengers (2021) in the United States on legibility highlights the harm of digital agriculture logic that is premised on both extractive data logics and colonial settler logics upon racialized and marginalized communities. Legibility “refers to systems of governance that use simplified understandings of a situation to control and direct management action upon it” (Liu and Sengers, 2021, 6). They argue that digital agriculture has introduced forms of legibility to simplify agriculture so as to make it reducible to data that can be crunched by machines and where the farmer’s personal hands-on experience and knowledge are devalued or obsolete. There is also the assumption that the digital agriculture model is “homologous to the outside world” and can be parachuted anywhere without understanding the nuances of context (Liu and Sengers, 2021, 6). As an interviewee noted, those who are “good at digital agriculture” and who analyze big data sets are not necessarily those who will make decisions on the ground about keeping animals alive or plants alive (Academic 3). Nor do digital agriculture considerations integrate the role of migrant farm workers, peasant farmers, or other agricultural labourers that perform important functions in farming. Without addressing these underlying colonial settler logics and worldviews from a policy or regulatory standpoint, and without engaging with critical data studies, digital agriculture, just like its predecessors (the green revolution), will not help address the extreme inequalities and injustices in the food system, most of which negatively and disproportionately impact racialized communities (Sbicca, 2012).
Another aspect critical to food sovereignty is the importance of knowledge, including what types of knowledge will potentially be lost with a dependence on digital agriculture. These concerns were raised by participants due to the fact that technologies do tend to breakdown. For example, Carolan M. S. (2017) found that the Green Revolution has accelerated the loss of knowledge about crop management practices which allowed societies to grow food not only under adverse weather conditions, but also without the need of agrochemicals and expensive non-renewable resources. Similarly, digital agriculture could lead to the erosion of tacit skills that farmers gain from their farming experience due to an excessive reliance on the use of digital agriculture to make decisions over the operation of their farms. Tacit skills to be able to feel, practice and perform farming activities should be strengthened and digital agriculture should complement and support these practices instead of eliminating the need for traditional farming knowledge.
Data sovereignty is another element that ties to the broader issue of food sovereignty and equity, focusing on who decides, owns, manages, and governs the harvested data. As noted in the interviews, there is a vast difference when farmers are the sole proprietor of their data, compared to when it is managed and controlled by larger corporations, including when data is managed by government. A government staff member noted that smaller farmers may withhold taxes due to not making sufficient money and therefore may feel concerned about government surveillance should they participate in digital agriculture. This view seems to identify smaller farmers as a group that cannot be trusted and have unsubstantiated fear, but does not recognize the fact that data-driven farming has been used by large corporations to perform acts of surveillance ranging from data trading and data grabs of previously private data, to copyrighting data to prevent farmers from fixing their equipment (Ravis and Notkin, 2020). It is also important to unpack the idea that by simply making digital agriculture open access, that it will therefore be equal (Kloppenburg, 2014; Carbonell, 2016), particularly when considering the power of the intellectual property regimes currently being established by corporations to control the data (Carolan, 2020).
With regard to social equity, all of the participants interviewed highlighted the responsibility and role of the federal and provincial governments in designing policies that would better improve the distribution of benefits from the technology and addressing the barriers that have been identified in this study. However, this study found that there is currently a lack of critical data studies, ethical, and critical social scientific awareness in digital agriculture training/education both in the government and in academia. In the U.S, there have been calls to ensure the integration of social sciences and humanities in science research and development (Viseu, 2015). Educators should ensure that digital agriculture is developed and taught with considerations of social justice and ethics (Ferreira and Vardi, 2021), and those from the natural and technical science or industry sector working in this field, should consider hiring or integrating social scientists as part of their team (Viseu, 2015). Responsible innovation should also ensure the inclusion of farmers in designing and developing tools that would help support their work. However, inclusion of stakeholders alone is not enough. As van Mierlo et al., (2020) identified, key to responsible research and innovation is inclusion in the development and innovation processes that allow for values and ideas that challenge the dominant assumptions, values and interests of proponents. As we found in the study, the fact that several participants noted that regenerative organic agriculture acts as a barrier to digital agriculture adoption means that the field of digital agriculture should be more “opened up” to including these values (van Mierlo et al., 2020, 379).
5 CONCLUSION
The paper started with three main objectives: 1) To explore educators’/trainers’ perspectives and approaches to the benefits and risks of digital agricultural technologies in their education, communication, and training; 2) To assess whether digital agriculture training and or pedagogy includes/consider outcomes such as social equity and food sovereignty; and 3) To identify appropriate policies to promote an ethical and responsible approach to digital agriculture in education and training. As to the benefits and risks, this paper concludes that the three categories of educators (academics, government staff, and private agricultural consultants) have differing, at times diametrically opposed communications around the benefits and risks of digital agriculture. This is particularly the case with academics or trainers who have a deeper understanding of social equity issues, as opposed to those who approach digital agriculture from a purely technical, environmental or economic perspective. Our study found that while government officials are highly supportive and have more optimistic discourse with the digitization of British Columbia’s agricultural sector, there were more concerns or skepticism raised about digital agriculture with the academics and trainers interviewed.
As for objective two on social equity and food sovereignty, the fact that racialized farm labourers and Indigenous communities were not mentioned at all in the context of farming work identified a major gap, particularly when they are currently at a disadvantage in terms of capital, land, and resources. This ties back to Liu and Sengers (2021) concerns around the settler colonial logics and the erasure of peoples and knowledges through current digital agriculture regimes. It is important to note that land sovereignty, knowledge sovereignty, data sovereignty, and Indigenous food sovereignty are all interconnected issues (Fraser, 2019). These interconnected issues have not been sufficiently addressed.
It was also clear from the findings that current digital agriculture training and education lacked deep insights around social equity and food sovereignty (with a few exceptions as noted by some of the participants). The focus on equity was shallow and centred around the question of access to the tools, but not a critical engagement on the purpose/intent of the digital agriculture itself and what problem is it really trying to solve. As such, emphasis on increasing internet infrastructure to encourage participation in digital agriculture or encouraging open-source digital agriculture may gloss over deeper questions, namely, whether digital agriculture and a focus on increasing food production can help address some of the root causes around inequities in the food system. Otherwise, we, as Kloppenburg argues (as it pertains to open source), will simply be “re-purposing the master’s tools” rather than making truly systemic changes (2014, 1,225). As a technological innovation, digital agriculture will change the dynamics and transform the assemblages, and governance of agricultural operations in British Columbia and beyond. As such, any form of digitization must be practiced and taught in a way that promotes responsible research and innovation (Rose and Chilvers, 2018). Considering that this research is still emerging, and the educators are still small in number, there is time to ensure ethical education in this domain and the ethical development of technologies.
To conclude, this study identified numerous gaps and misunderstandings with respect to the definition of digital agriculture, as well as tensions around the role of digital agriculture and its future. To promote responsible and ethical innovation, the introduction of digital agriculture as a scientific pursuit to promote sustainability and economic benefits in agriculture should not be done without sufficient social considerations as well as social scientific engagement. Without social considerations, the drive for sustainability is incomplete and there may be gaps in knowledge for the next generation of practitioners as well as unintended consequences. It is therefore important for academic institutions and trainers to ensure deep engagement with farmers in the development and testing of agricultural innovations to ensure that these technologies will result in positive social benefits to farmers (particularly small farmers, and new farmers), Indigenous peoples/Host Nation(s), and also deep engagement with critical social scientists. Whether digital or not, an educational/training sector that recognizes the nuances of digital agriculture (the good, the bad, and the ugly) and challenges the unequal structure that is at the root of food injustice, is what is needed to ensure the development of an equitable and sustainable food system.
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