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In this policy report, we present the final results of a two-
year study funded by the Ontario Ministry of Agriculture, 
Food and Rural Affairs (OMAFRA) and the Canadian 
Agricultural Partnership (CAP).1 The study aligns with 
OMAFRA’s priority area focusing on competitive production 
systems. Within this priority area, the objectives of this 
project are two-fold: first, to advance understanding of both 
the barriers that constrain and the drivers that promote 
the pursuit of globally competitive production systems in 
Ontario’s agri-food sector, focusing on automation and 
robotics. Second, the project seeks to generate solutions in 
the form of policy recommendations and suggested action 
steps for removing barriers and exploiting opportunities to 
accelerate automation and robotics technology transfer 
and adoption in Ontario’s agriculture sector. 

INTRODUCTION AND CONTEXT

To put this project in a broader context, it is worth noting 
that over the past three decades, breakneck technological 
changes have led to seismic industrial restructuring 
in the agri-food sector,2 with exponential advances in 
automation, robotics and mass digitization3 of cultivation, 
production and delivery processes that are fundamentally 
reshaping the sector (OECD 2019; Niagara Community 
Observatory, 2019). These trends point to the imperatives 
of “smart” precision agriculture techniques, processes 
embedded in cyber-physical systems,4 or platforms that 
are radically transforming the agri-food value chain from 
primary agriculture to processing, packaging, distribution 
and consumption (Wolfert et al. 2021; Campus 2021; 
Archontakis and Anastasiadis 2019; Capmourteres et al. 
2018; Geldes et al. 2017; Cambouris et al. 2014).

1 This is an Ontario Agri-food Research Initiative (OAFRI) project. OAFRI projects are funded through the Canadian Agricultural Partnership, a five-
year, $3-billion commitment by Canada’s federal, provincial, and territorial governments that supports Canada’s agri-food and agri-products sectors.
2 We use the term “agri-food sector” in this literature review section because the references being cited were not only about agriculture, but more 
broadly, the agri-food sector. 
3 The term “mass digitization” refers to the large-scale transformation of society towards the computerized digital applications and uses of economic 
and cultural products and services. 
4 A cyber-physical system is a computer system in which a device is operated or managed by computer-based algorithms. Such a system integrates a 
physical object with software components to perform assigned tasks.
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Against these trends, Ontario and Canada’s agri-food 
sector stands at a critical crossroads (Canada’s Agri-
Food Economic Strategy Table 2018; Mitchell et al. 
2017; Mitchell et al. 2018). These global trends present 
opportunities, risks, and challenges. They represent a 
fluid and dynamic global market context where first-
movers in the technological race are poised to gain 
tremendous advantages. Technology development and 
adoption capacities fundamentally determine a region, 
province and country’s place on the global economic 
map (Breznitz 2021; Niosi 2005). 

Innovative technology has thus become an indispensable 
component of the agri-food sector’s capacity to increase 
its competitiveness and productivity, including addressing 
the growing challenges of critical labour shortages 
(Geldes et al. 2017). According to the Canadian Agri-food 
Economic Strategy Table (2018), technology adoption is 
one of the most pervasive challenges limiting the global 
competitiveness and productivity of Canada’s agri-food 
businesses. Canadian agri-food sector expenditures on 
R&D as a percentage of sales have dropped by 24 per 
cent since 2008 and lag other OECD competitors (de 
Avillez 2011; Agriculture and Agri-Food Canada 2011; 
Canada’s Agri-Food Economic Strategy Table 2018). 

The Canadian Agri-food Economic Strategy Table (2018) 
further notes that while a number of Canada’s agri-food 
businesses are attempting to adopt new technologies, 
the sector’s investment in machinery and equipment has 
been on a steady long-term decline. For instance, the 
report observes that Canadian agri-food businesses invest 
less in technology adoption than their U.S. counterparts. 
This is due not to a lack of interest but several systemic 
challenges. The results are that despite increased public 
investments over the past two decades in technology 
R&D, along with a mushrooming of public, private and 
post-secondary agri-food laboratories, automation 
and robotics technology adoption in the Ontario and 
Canadian agri-food sector has not kept pace with these 
developments (Canada’s Agri-Food Economic Strategy 
Table 2018; Agricultural Institute of Canada 2018). 

The uneven and lacklustre adoption of technology among 
Canadian agri-food businesses has resulted in the country 
lagging in global competitiveness and productivity. 

This trend is particularly concerning given the breakneck 
pace of technological advances in robotics, automation and 
digitization in the agri-food sector and the attendant increase 
in global competition not only among industrialized countries 
but also from emerging economies (Borbasova et al. 2015; 
Materia et al. 2017; Cillo et al. 2019).

Against the backdrop of trends and issues noted above, this 
two-year project sought to investigate the systemic challenges 
and address the barriers, constraints and opportunities 
associated with the transfer and adoption of automation and 
robotics technology in Ontario’s agri-food sector. In doing so, 
the research undertook the following set of activities: 

1. We administered a province-wide survey to provide a 
clear portrait of the current barriers, constraints, drivers 
and opportunities of technology adoption in Ontario’s 
agriculture sector. 

2. The team undertook an in-depth case study of Niagara’s 
agriculture innovation system using semi-structured 
interviews to further shed light on the factors that 
account for technology adoption within the context of a 
geographically-delimited agri-food cluster.

3. We drew lessons from four of Canada’s Global Innovation 
Clusters (GICs; formerly Innovation Superclusters)5 to highlight 
broader systemic challenges and opportunities within which 
the Ontario agriculture innovation system is nested. 

4. We generated through five focus groups a set of policy 
recommendations and action steps to accelerate 
automation and robotics technology adoption by Ontario’s 
agriculture businesses. 

5. We validated our research findings and recommendations 
by completing a global knowledge synthesis of the relevant 
literature from the last five years to identify the barriers and 
drivers of automation and robotics technology adoption in 
the agriculture sector. 

Before presenting the policy recommendations and suggested 
action steps, the following subsections provide summaries of 
findings from each of the earlier phases of the project, whose 
cumulative insights served as integral building blocks for the 
recommendations presented in this report.6
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5 Government of Canada. 2022. “Budget 2022: A Plan to Grow Our Economy and Make Life More Affordable.” p.72. https://budget.gc.ca/2022/
homeaccueil-en.html. See also The Globe and Mail. “Supercluster program gets political renewal – and new name – from Innovation Minister 
Champagne.” Published June 28, 2022. www.theglobeandmail.com/business/article-supercluster-program-gets-political-renewal-and-new-
name-from 
6 More detailed analyses of the previous findings have been published in a working paper and two policy briefs available on the website of the  
Niagara Community Observatory (NCO) under the title “OMAFRA 2020-22 Growing Agri-Innovation Research Project,” https://brocku.ca/ 
niagara-community-observatory/policy
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PHASE 1: A PROVINCE-WIDE SURVEY

In this phase of the project, the research team administered 
a province-wide survey of Ontario’s agriculture sector in 
the early part of 2021, canvassing farms across Ontario 
on their adoption of innovative automation and robotics 
technology. The survey was meant to identify several key 
issues, namely:

• reasons for and for not adopting automation and 
robotics technology;

• the main barriers/drivers to adoption; 

• how the barriers to adoption were overcome, and; 

• what steps could be taken to accelerate innovative 
automation and robotics technology transfer and 
adoption in the agriculture sector.

Based on 171 survey responses, the top three reasons for 
adopting automation and robotics were productivity, 
efficiency, and costs. Two-thirds of adopters (67 per cent) 
identified increasing productivity as one of their three 
top reasons for implementing automation and robotics 
technology. More than half (57 per cent) of survey respondents 
cited increasing production efficiency, and 56 per cent said 
automation and robotics technologies reduced costs. 

The top reasons given by non-adopters for not 
implementing technology over the past 10 years were 
high costs of acquisition (47 per cent), lack of relevant 
technology (35 per cent) and insufficient return 
on investment (34 per cent). Those who did adopt 
technology were asked about the barriers they had 
experienced during the implementation process. The top 
three barriers cited were insufficient return on investment 
(45 per cent), lack of government support and funding  
(36 per cent) and a lack of in-house expertise (34 per cent). 

When asked what the role of government should be 
in supporting the uptake of automation and robotics 
technology, adopters and non-adopters gave the  
same three responses: to provide financial assistance, 
provide research grants for in-house development, and 
promote established and proven technologies. While 
providing financial assistance was the most frequently 
identified role for government by both adopters and  
non-adopters, it was the clear choice of adopters  
(80 per cent) compared to non-adopters (68 per cent). 
The provision of research grants for developing in-house 
technology was a role cited by 54 per cent of adopters 
and 60 per cent of non-adopters, indicating that with  
the right incentives, current non-adopters might be  
more willing to develop technology in-house. 

Figure 1. What were the reasons for adopting automation or robotics technology?

Increase productivity

Increase production/processing efficiency

Reduce production costs

Increase yields or production output

Improve quality

Improve employee and/or livestock health and safety

Improve environmental sustainability

Enhance reputation

Increase market share

Comply with regulations
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Figure 2. What were the reasons for not adopting automation or robotics technology?

Promoting established and proven technologies was  
cited by 33 per cent of adopters and 35 per cent of non-
adopters as a key role of government while promoting  
new technologies was cited by 28 per cent of adopters  
and 35 per cent of non-adopters. When you combine  
these numbers, the promotion of technology is the  
second-most frequently cited role for government by 
adopters (61 per cent) and non-adopters (70 per cent). 

Additionally, the survey shed light on contextual factors 
shaping the adoption of new technologies, such as farmer 
interactions with agri-food laboratories and research centres, 
their perception of changing trends in automation and 
robotics, and how these might affect their businesses. The 
survey thus provided a quantitative portrait of the current 
barriers and opportunities of automation and robotics 
technology adoption in Ontario’s agriculture sector. 

High costs of acquisition

Lack of relevant technology

Insufficient return on investment (ROI)

High costs of implementation

Lack of government support or funding

Lack of suitable financing options

No in-house expertise to guide adoption process

Other — not applicable or wanted

Other — too small

Other — misc

Organizational/cultural resistance

Unsuccessful implementation by similar businesses

Wary of contract terms

Unfavourable acquisition terms

Lack of external research and development 
expertise and facilities

Figure 3. What is the role of government in supporting the adoption of technology? 
Select all that apply. (Non-adopters vs. Adopters)

Financial assistance for adopting and implementing technology

Provide research grants to develop in-house technology

Promote established and proven technologies

Promote new technologies directly to businesses in the industry

Become the main technology mediator within the industry through  
seminars, fairs and other technology transfer events

Nonadopters

Adopters
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PHASE 2: A CASE STUDY OF NIAGARA’S AGRICULTURE SECTOR

The second phase of the project focused on Niagara’s 
agriculture sector as a case study, with 36 semi-structured 
interviews conducted between July and September 2021. 
Guided by agriculture innovation systems theory (Klerx et 
al. 2012; Klerkx and Begemann 2020; Turner et al. 2020; 
Leeuwis et al. 2021), the interviews were conducted with 
16 farmers, four automation and robotics researchers, 
four technology solution developers and providers, and 
12 intermediaries, including OMAFRA extension and 
production specialists, commodity organizations and 
other agriculture stakeholders. Both crop and livestock 
commodities were represented. Thirty of the 36 interviews 
were with individuals either based in or serving the Niagara 
region, which, as noted above, represents a case study of a 
regional agriculture innovation system (AIS). 

The interviews enabled the research team to explore the 
factors shaping automation and robotics technology 
adoption in ways that could not be directly observed in 
survey numbers. Moreover, focusing the lens on Niagara 
shed light on the factors that account for technology 
adoption within the context of an agricultural innovation 
system. For analytical consistency and cumulative insight, 
the interviews followed the same themes as the survey 
questions but with the added advantage of a more open-

ended conversational format that enabled the research 
team to explore underlying issues and factors shaping 
automation and robotics technology adoption. 

A summary of our findings from this second phase of 
the research suggests that the widespread adoption of 
automation and robotics technologies by the agriculture 
sector is dependent on the following critical factors: 

• the need for technologies that provide solutions for 
farmers’ real problems

• new technologies that demonstrate proven/validated 
performance and benefits 

• the need for equipment suppliers with reliable service, 
maintenance, and technical support over the life of the 
technologies

• governance frameworks for data that protect privacy and  
security, both vital prerequisites for ensuring user confidence 

• policies and programs configured to incentivize early 
adopters and support smaller farms to adopt innovations 
that improve their competitiveness 

Photo courtesy Niagara Economic Development
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PHASE 3: INTERVIEWS WITH STAKEHOLDERS AND PARTNERS OF CANADA’S GLOBAL 
INNOVATION CLUSTERS 

The third phase of the project consisted of a series of 
interviews conducted with stakeholders and partners 
of Canada’s Global Innovation Clusters (GICs; as noted 
earlier, formerly Innovation Superclusters) on the 
development and adoption of automation and robotics 
technology. The interviews built on the two earlier phases 
but shifted the focus to the perspectives of partners and 
stakeholders of projects funded by the GICs. The aim 
was to understand the challenges and opportunities 
associated with research, technology development, 
commercialization and adoption at a national level and 
across sectors. 

Each GIC focuses on technology innovation in the 
economic sectors where Canada has a significant 
competitive advantage (namely, ocean sciences, artificial 
intelligence, advanced manufacturing, plant-based 
proteins and products, and digital technology). One of 
the themes that emerged from the two earlier phases of 
the research project is the role of contextual factors that 
shape or influence the adoption of new technologies.  
A focus on the GICs and their partners as units of analysis 
thus provided a critical opportunity to investigate the 
cluster dynamics of technology development, transfer 
and adoption within national innovation systems. 

The interviews followed the same themes as the earlier two 
phases for analytical consistency and cumulative insight. 
As with the Niagara case study, the research team had 
the added advantage of an open-ended conversational 
format that enabled us to explore underlying factors 
shaping technology development and adoption in national 
innovation systems. The interviews were conducted from 
October 2021 to March 2022, either by telephone or online, 
using Microsoft Teams. 

Overall, 25 individuals from four of the GICs were 
interviewed: 11 from Protein Industries Canada, six from 
Next Generation Manufacturing Canada (NGen), seven 
from the Digital Technology Cluster, and one interview  
from Scale A.I. No interviews were conducted with  
partners from the Oceans Cluster. Each interview was 
classified by stakeholder type: researcher (1), technology 
developer (15), manufacturer (2), and intermediary (7).  
Of the 25 interviews, 18 were with organizations that were 
directly involved in the agri-food sector. The interviews 
provided insights into the challenges faced by researchers, 
technology developers and intermediaries in developing, 
scaling and commercializing automation and robotics 
technology and their perceptions of barriers and drivers  
of adoption faced by their end-users (e.g., farmers). 

Photo courtesy Niagara Economic Development
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By expanding the analytical lens in this phase to the 
stakeholders and partners of the GICs, the research team 
was able to highlight critical themes and patterns that 
can shape broader systemic barriers and opportunities 
facing technology adoption in the context of a national 
innovation system. The team then extrapolated from 
these wider systemic themes and issues to deepen our 
understanding of the opportunities, challenges and barriers 
facing the adoption of automation and robotics in Ontario’s 
agriculture sector. A summary of findings from phase 3 
indicates that the challenges and opportunities associated 
with research, technology development, commercialization 
and adoption at a national level consist of the following 
critical elements: 

• Labour is a complex driver of adoption, with shifting 
trends in the labour force (exacerbated by the COVID-19 
pandemic) having ignited an unprecedented and urgent 
need for automation and robotics. 

• Managing, using, harmonizing, sharing, storing and 
protecting the massive volumes of data generated by 
automation and robotics technology are significant 
barriers to widespread adoption. 

• Trust is crucial to adoption as technology developers and 
researchers struggle to convince investors to finance their 
technology or end-users to adopt it. 

• There is a need for financial incentives to de-risk 
development, commercialization, and adoption, with 

many interviewees viewing such measures as critical 
for mitigating the risks associated with the broader 
innovation process, from development through to 
commercialization and adoption. 

• There are systematic issues of weak connections between 
researchers, technology developers/solution providers, 
and the agriculture sector, with technology developers 
and researchers often ‘blaming’ farmers for not adopting 
their technologies and harbouring negative perceptions 
of farmers’ business acumen. 

• Research, technology development, and adoption take 
time — a theme well established in the extant innovation 
policy literature. However, this is particularly true for 
agri-innovation because of conditions and challenges 
peculiar to the sector. 

The following fourth phase of the project, along with a 
global knowledge synthesis of the extant literature, marks 
the summation and conclusion of the two-year research 
project, weaving together insights gathered from the 
three phases above with data from five focus groups and 
knowledge synthesis. The rest of the report is organized as 
follows: First, we describe the method and process of data 
collection and analysis for the focus group discussions; 
second, we present the findings of our analysis of the 
discussions and results of the knowledge synthesis in the 
form of recommendations and suggested action steps; 
finally, we conclude the discussion with a synopsis of 
anticipated outcomes. 

Photo courtesy Anthony Rahayel, Pexels
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PHASE 4: FOCUS GROUP DISCUSSION, KNOWLEDGE SYNTHESIS, AND  
POLICY RECOMMENDATIONS

Research method

The findings of the three earlier phases outlined above 
served as the basis for generating a set of questions that 
guided a series of discussions with multi-stakeholder 
focus groups held in May 2022. The groups met either 
in person or online via Microsoft Teams. Overall, 42 
individuals registered to participate and were spread 
across five focus groups. Each focus group had a 
combination of farmers, researchers, technology 
developers, manufacturers, intermediaries and 
government officials. 

The focus group discussions followed the same themes 
as the earlier three phases since the aim was to generate 
solutions and suggested action steps for addressing 
issues and exploiting opportunities identified in those 
phases. As with the semi-structured interview format of 
phases 2 and 3, the research team posed a number of 
questions but employed an open-ended conversational 
flow that enabled the focus groups to come up with 
solutions drawn from their expertise and experience as 
well as the evidence generated in our earlier findings. 
Some of the questions we addressed with the focus 
groups were:

• How could government better help farmers adopt  
and implement automation and robotics technology  
in Ontario? 

• Since technology research, development, and adoption 
processes are complex and often take time, if done 
correctly, how could government programs be altered  
to factor in the element of time? 

• How could researchers and technology developers be 
better at encouraging farms to adopt automation and 
robotics technology? 

• In what ways could we improve farmers’ awareness of 
the research and technology development resources and 
opportunities available? 

• How could intermediaries (such as advisory and 
extension services that act as a bridge between 
technology developers and adopters) be better mobilized 
and positioned to promote and support greater transfer 
and adoption of automation and robotics technology? 

In addition to the focus groups, we completed a global 
knowledge synthesis. We reviewed and synthesized the 
literature from the last five years (i.e., ca. late 2016 to early 
2022) to identify the barriers and drivers of automation and 
robotics technology adoption in the agriculture sector. In 
all, 16 themes emerged from the knowledge synthesis, most 
of which overlapped with findings from the four phases of 
the research. The global knowledge synthesis thus provided 
from the extant literature a further empirical validation and 
enrichment of the policy recommendations and suggested 
action steps generated from the two-year research project.

Photo courtesy Niagara Economic Development
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Three broad themes emerged from the analysis of the focus 
group data and global knowledge synthesis (combined with 
findings from earlier phases of the study), namely: the role 
of government; improving the performance of agricultural 
innovation systems; and providing better support for 
intermediaries tasked with promoting and supporting 
the adoption of automation and robotics technology 
(Table 1). It is worth noting that the themes are presented 
below in no particular order of significance. In fact, they 
overlap considerably, and therefore, recommendations 
targeting one theme are inextricably intertwined with 
those addressing the other two. It is thus best to view the 
recommendations as interrelated within a holistic lens 
for envisaging measures that government, the agriculture 
industry, and non-profit stakeholders should consider in 
their efforts to accelerate the adoption of automation and 
robotics technology in Ontario (Table 1).

Table 1. Summary of Recommendations

Theme 1: The Role  of Government  
(Policy and Program Reforms)

Embrace a broader conception of technological innovation 

Redesign cost-share and other incentive programs to fully reflect a 
broader construct of innovation and a wider range of risk mitigation  
in agriculture

Diversify the structure of cost-share programs

Design cost-share programs to accommodate and acknowledge  
early adopters

Factor in the element of time in cost-share programs

Embrace a greater risk orientation

Diversify financial resources of cost-share funding

Improve the dissemination of information about cost-share programs

Explore ways to reduce the administrative burden

Support and facilitate the development of standards for data 
interoperability and address security and privacy issues 

Build the requisite digital and physical infrastructure in rural areas to 
support greater use of automation and robotics technology 

Expand the capacity of experimental research stations and 
demonstration farms   

Harness emergent labour trends to cultivate the requisite skill sets 
needed for developing and using more relevant automation and 
robotics technology

Promote societal acceptance of agri-food innovations 

Coordinate policies and programs across levels of government 

Theme 2: Improving Ontario’s Agriculture  
Innovation Systems (AIS)

Strategic leadership in building a functional and trust-based AIS 

Embrace an end-user development model of technology adoption 
— co-creation — to strengthen connections between researchers, 
technology developers/solution providers and the sector. 

Embrace regional diversity and establish regional AIS

Revamp the knowledge translation and transfer (KTT) architecture 
for a clearer mandate 

Mobilize industry associations as intermediaries to improve farmers’ 
awareness of the research and technology development resources 
available

Provide adequate training in the requisite skills for brokering 
knowledge exchange between technology developers and farmers 

Cultivate closer links between provincial and national networks of 
agriculture intermediaries

Theme 3: Deploying Purpose-Driven 
Intermediaries

RECOMMENDATIONS

Smart irrigation sensor technology. Photo courtesy 
Vineland Research and Innovation Centre.



On this first theme — the role of government — several 
elements stood out as action steps for improving farmers’ 
uptake of automation and robotics. The recommendations 
should be viewed as equally vital measures that governments 
at all levels must consider. 

Embrace a broader conception of innovation

Government should seek to redefine common notions and 
usages of the term “innovation” away from the tendency 
to narrowly focus on new or novel technology. Redefining 
innovation means drawing attention to the fact that there 
are several types (or stages) of innovation. For example, 
Breznitz (2021) challenges narrow conventional approaches 
to innovation and proposes a broader construct with 
implications for exploring various models of incentivizing the 
technologically infused growth of firms. He identifies 

four distinct types of innovation, namely: novelty;  
design, prototype development, and product engineering; 
second-generation product and component innovation;  
and production and assembly. 

While elaborating on the details of these four types 
of innovation is beyond the scope of this report, the 
main point is to highlight the fact that by thinking 
beyond innovation-as-novelty, government can explore 
a broader range of mechanisms to engage farmers, 
technology providers and other actors in the agriculture 
sector. In particular, such a broader and more nuanced 
understanding of innovation implies exploring myriad 
forms of innovation. It also makes room for a broader 
range of farm operations and business models as viable 
candidates for adoption. In fact, embracing a broader and 
nuanced conception of innovation is foundational to all 
the other recommendations that follow below. 
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THEME 1: THE ROLE OF GOVERNMENT (POLICY AND PROGRAM REFORMS)
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The need for financial incentives to de-risk development, 
commercialization and adoption was one of the 
recurring themes in all four phases of the study. For 
instance, cost-share programs can minimize the financial 
risk for technology developers and farmers alike. Such 
programs would cover the costs and financial risks of 
testing or validating a new technology on the farm 
as a critical part of the commercialization process. We 
make seven recommendations on how government 
should fundamentally rethink its role in developing such 
programs that mitigate risk, as well as make functional 
changes to how it runs the programs.

Diversify the structure of cost-share programs

First, in keeping with the suggestion above to embrace 
a broader conception of innovation, government 
should diversify the structure of cost-share programs by 
articulating a clear set of criteria encouraging different 
types of innovations. For example, many interviewees and 
focus group participants pointed out that programs often 
do not reflect the realities and diversity of agriculture.  
For instance, in some cases, new automation and robotics 
technologies require new barn designs. As a further 
example, automated robotic milking systems cannot be 
installed in conventional tie-stall barns. However, new 
barns are not an eligible expense in cost-shared programs 
that support the installation of robotic milking systems. 
These issues point to the need for a broader construct of 
innovation targeting the concrete and specific needs of 
different commodities and production systems. 

Similarly, government incentive programs could target 
various types of farms along a spectrum of capacity 
from small to large operations, from those with limited 
capacity (e.g., new farmers) to those that can absorb 
ambitious and high-capacity innovations. Current 
minimum levels of co-funding (government fund-
matching programs requiring a percentage of financial 
and/or in-kind contribution to be provided by the 
farmer) are often too high for smaller farms to consider, 
and the competitive nature of the programs means that 
only a few farms receive support. In a similar vein, cost-
share programs should accommodate different business 
models, such as purchasing, renting and servicing 
automation and robotics technologies. 

The main undercurrent in the recommendation 
to diversify the structure of cost-share and other 
incentive programs is for government to have greater 
flexibility and explore a wider range of risk mitigation 
initiatives for different kinds of farming operations and 
technological needs. 

Design cost-share programs to accommodate 
and acknowledge early adopters

Second, government should design cost-share programs 
to accommodate and acknowledge early adopters of 
new technologies. Survey respondents, interviewees 
and focus group participants across all four phases of 
the research consider funding or cost-share programs 
that support the adoption of automation and robotics 
technology as a disincentive to early adopters. Cost-
share programs are generally reactive in nature, 
responding to a record of adoption by early adopters. 
However, funding or cost-share programs do not allow 
retroactive payments. This means that those early 
adopters who use technology before a cost-share 
program is launched are not eligible for support. In a 
sense, funding and cost-share programs essentially 
support so-called ‘laggards’ — those who are late 
adopters while ignoring farmers who took the risk of 
pioneering new or improved technology. 

While this policy incentivizes the wider adoption of 
successful technologies, we speculate it discourages 
overall levels of adoption. Cost-share programs 
should thus be restructured to support the leaders, 
not laggards or followers. For example, this would 
also involve calibrating options for more funding to 
be directed to pioneer projects which can be further 
incentivized with financial or other rewards for their 
owners’ willingness to share successes with a wider 
audience. This means mobilizing early adopters as 
champions of new and improved technologies. Farmers 
tend to trust each other’s experience considerably 
more than the promises of technology developers. 

Factor in the element of time in cost-share 
programs

Third, government should factor in the element of  
time in cost-share programs. A recurring theme a 
cross the four phases of the research and the  
knowledge synthesis is that the timing of cost-share 
programs is often misaligned with production cycles, 
making it difficult for farmers to find the time to 
prepare applications. 

Redesign cost-share and other incentive 
programs to fully reflect a broader construct 
of innovation and a wider range of risk 
mitigation in agriculture
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More generally, the element of time implies the need for 
realistic expectations about the processes of research, 
technology development and adoption in agriculture.  
This is particularly significant given the peculiarity of 
technology development and adoption in agriculture  
related to the several production seasons involved in the 
validation process. 

Some field-based research projects for new or improved 
technologies in agriculture often need several years of 
field data to know what works. If farmers are to willingly 
participate in these trials, then government has a critical 
role in mitigating the risk involved, especially if the 
technology does not perform as expected. The livelihoods 
of farmers are on the line if they lose some or all their crops 
or livestock. Paying closer attention to the element of time 
would thus involve factoring in a wider range of programs 
accommodating single-year to multiyear projects. 
Similarly, it would exploit shorter-term opportunities in 
year-round operations like greenhouses, for instance, that 
are not particularly constrained by seasons. 

Cost-share programs would also have built-in time 
horizons that allow business owners and farmers to adopt 
technology in a slow and incremental fashion because 
learning how to use technology takes time. The ultimate 
goal would be to incorporate flexible timelines for various 
kinds of farming operations, navigating the complex 
and often industry- and commodity-specific nuances of 
technology adoption. 

Embrace a greater risk orientation

Fourth, government should embrace a greater risk 
orientation in accelerating the adoption of automation and 
robotics technology by farmers. For example, findings from 
the global knowledge synthesis confirm the data from our 
study that uncertainty and risks are pervasive determinants 
of adoption because of five unknowns related to the 
development and adoption of these technologies. 

The first unknown is uncertainty around whether 
automation and robotics will perform as claimed. The 
second unknown is uncertainty related to the future 
development of more advanced technologies. Because 
automation and robotics are relatively nascent and 
immature technologies, there are rapid advancements in 
development. New, advanced technologies are expected 
to replace earlier generations, which creates uncertainty 

about whether to wait until the technology is more stable. 
The third unknown is uncertainty about how consumers 
will react to automation and robotics technologies. 
The fourth unknown is questions about ethics and 
further industrialization of farming. The final unknown is 
uncertainty related to liability and accountability in cases 
where there are injuries, damage or crop losses caused by 
automation and robotics technologies.

Notwithstanding the negative connotations of 
uncertainty as a barrier, by embracing a greater risk 
orientation, government can leverage uncertainty as 
a driver of adoption. For example, with the increasing 
complexity of farming linked to the challenges of climate 
change, unstable, fluctuating global markets, and shifting 
consumer expectations and demands, farmers see 
automation and robotics technology as a way to alleviate 
some of this instability. They see it as offering some level 
of control in a sector where much is out of their control. 

However, funding mechanisms should better reflect the 
realities of uncertainty and risk. In addition to all the 
forces of uncertainty outlined above, farmers operate in 
less controllable environments, subject to the vagaries 
of weather and seasons, and frequently at the mercy of 
climatic and biological forces. Furthermore, technologies 
such as harvesting robots must be designed and trained  
to identify a range of similar but not identical units in 
more dynamic and varied production environments. 
All this means incorporating appropriate incentive 
mechanisms and compensation packages for farmers 
in high-risk ventures that may fail to generate their 
anticipated outcomes. 

Diversify financial resources of cost-share funding

Fifth, government could diversify the financial sources of 
cost-share funding by exploring more innovative financial 
instruments, such as partnerships with banks and other 
financial institutions to take on certain kinds of ventures 
— especially ambitious and high-risk technological 
development and adoption projects. Similarly, 
governments could deploy more innovative fiscal 
incentives to accelerate technology adoption. Examples of 
such innovative tax instruments include the accelerated 
investment incentive, full expensing for manufacturers 
and processors and full expensing for clean energy 
investments that were announced in the Government of 
Canada’s 2018 Fall Economic Statement.7 

7 https://www.canada.ca/en/revenue-agency/services/tax/businesses/topics/sole-proprietorships-partnerships/report-business-income-expenses/
claiming-capital-cost-allowance/accelerated-investment-incentive.html
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Improve the dissemination of information  
about cost-share programs

Sixth, government could improve the dissemination of 
information about cost-share programs in the public 
domain. Principally, this involves employing innovative 
conduits of information flow to improve how farmers 
access that information. 

For instance, governments could harness with greater 
intentionality industry associations (like the Ontario 
Federation of Agriculture) which already serve as well-
established information networks. The networks of these 
industry associations cultivated over many years can serve 
as effective channels for disseminating and promoting 
information about available cost-share programs for 
automation and robotics technology adoption. 

Explore ways to reduce the 
administrative burden

The seventh and final recommendation for improving 
cost-share programs is to explore ways to reduce the 
administrative burden of accessing such programs.  
A recurring theme in all four phases of the research and 
the knowledge synthesis is the highly administrative 
and bureaucratic nature of funding and cost-share 
programs. For instance, application and reporting 
requirements are often overly burdensome. One 
immediate remedy would be to make the application 
processes for cost-share programs simpler and more 
straightforward. It would also mean more advance 
notice of new programs to allow farmers more time to 
prepare their applications. 

A related suggestion for reducing the administrative 
burden is for governments to design and manage cost-
share programs with greater continuity, consistency 
and predictability. As one focus group participant puts 
it, “we should have intake times written more in stone 
like there’s going to be an intake 9/12/16 months from 
now for this particular thing. Program predictability 
and more advance notice might influence greater 
uptake.” Growers need to have the confidence that 
cost-share programs will be there over the long term 
as they invest their livelihoods into experimenting with 
new or improved technologies. Farmers sometimes 
avoid high-risk projects because of the limited and 
unpredictable lifespan of incentive programs. 

Another recurring theme of the two-year study focused on 
how government could address the challenges associated 
with managing, using, harmonizing, sharing, storing and 
protecting the massive volumes of data that are generated 
by automation and robotics technology. For instance, 
findings from interviews with the Global Innovation Clusters 
(GICs) and results from the global knowledge synthesis 
confirm that the lack of standards is a significant barrier 
to developing and adopting automation and robotics 
technology in agriculture both in Canada and worldwide. 

Principally, government should take a more active role in 
supporting and facilitating the development of standards 
for data interoperability to reduce fragmentation in 
data systems and enable data collected on one system 
to be easily combined with data collected on another. 
For example, such standards will address the challenges 
of farms often having multiple systems that are unable 
to communicate. It will also alleviate problems in the 
supply chain where data cannot be shared among supply 
chain partners. A more synchronized data collection and 
management system will immensely facilitate collective 
learning across the sector. Other critical issues related to 
data include privacy, security, and ownership. Standards 
should thus address the risks associated with collecting, 
storing, and sharing large volumes of data to mitigate the 
endemic legal and ethical incertitude pervading the security, 
privacy and ownership of the data. 

However, the lack of standards is not limited to the issues 
around data but other aspects of technology’s design, 
functionality and performance. There is also a national 
standards perspective to think about, such as standards 
related to providing technical support, service, and 
guidelines for purchasing technology. 

A final point about the development of standards relates to 
assessing challenges that prevent broader uptake and scale-
up, identifying what standards are needed to increase trust 
amongst user groups, and ensuring consistency, quality, 
and performance of automation and robotics technology. 
In general, clearly established standards encourage close 
collaboration, engagement and consensus-building with all 
relevant stakeholder groups.

Support and facilitate the development of 
standards for data interoperability and address 
security and privacy issues
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Build the requisite digital and physical 
infrastructure in rural areas to support greater 
use of automation and robotics technology 

Addressing broadband connectivity issues in rural areas 
was deemed by research participants as a prerequisite for 
any meaningful policy and program initiative to accelerate 
the adoption of automation and robotics technology 
by farmers. For example, all other incentive programs 
will be pointless if poor broadband connectivity in rural 
communities renders the use of automation and robotics 
technology an ongoing challenge. 

Throughout our research, farmers repeatedly pointed out 
that adequate digital infrastructure to fully support digital 
devices is a critical part of their decision-making when 
considering technology adoption. Although the predominant 
focus was on digital infrastructure, participants in our study 
also highlighted the need to update physical infrastructure 
with state-of-the-art utilities such as gas, electricity, 
renewable energy, water, and wastewater.

Expand the capacity of experimental research 
stations and demonstration farms

 
 
While the adoption of new technology is no doubt a 
problem, evidence from our research points to upstream 
issues and challenges related to developing and validating 
relevant new products and rendering them market ready. This 
finding is also supported by the extant literature (Barrett et 
al. 2020; Knickel et. 2021; Toffolini et al. 2021). Therefore,  
we recommend that government rethink its engagement 
with upstream innovation activities by supporting more 
targeted applied/experimental research for validating 
automation and robotics technology. This would require 
expanding the mandates and capacity of research stations 
and demonstration farms to prioritize automation and 
robotics technology experimentation and validation. 

An expanded mandate for research stations and 
demonstration farms will task them with focusing more 
on leading-edge automation and robotics technology 
validation. They will also serve as platforms for adapting 
foreign technology to Canadian needs. 

Photo courtesy Mirko Fabian, Unsplash
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For instance, one of the challenges in technology 
adoption has been the situation of international 
manufacturers not being familiar with the Canadian 
market and thus not bringing technology to Canada 
to adapt and validate. Experimental research stations 
could be a vital conduit for partnering with international 
technology producers in adapting foreign technology to 
Canadian needs. 

Paying greater attention to the need for adaptation 
and acknowledging the unique Canadian risk profile 
in technology development and commercialization 
would go a long way in encouraging and promoting 
Canadian technology companies. An example of such an 
approach that could be used as a model is the Ontario 
Ag Robotics Working group, which is co-led by OMAFRA 
weed specialist Kristin Obied and Chuck Baresich, 
Haggerty Creek AgRobotics.8 Revamping the mandate 
of research stations and increasing investment in such 
facilities would enhance the “soft-landing” of newly 
developed technologies entering Ontario farms.

Harness emergent labour trends to cultivate 
the requisite skill sets needed for developing 
and adopting more relevant automation and 
robotics technology

Labour shortage (exacerbated by the COVID-19 pandemic) 
is a prevalent challenge. However, it has also triggered 
unprecedented opportunities for automation and robotics. 
Exploiting these opportunities requires that government 
focus on cultivating the requisite skill sets needed for 
developing and using the new technologies. 

First, it would require addressing the downstream issue 
of reskilling the labour force so that they possess not just 
technical skills in operating sophisticated equipment but 
also knowledge about agriculture and its peculiarities. 
Second, government could target upstream initiatives 
focused on providing training programs that combine 
technology development with knowledge of agriculture. 
This will help close the current cultural gaps between 
technology developers and the agriculture community and 
the resulting tendency for newly developed technologies 
to be irrelevant to the pressing needs of farmers. Both the 
upstream and downstream skills training initiatives would 
entail government working with post-secondary and other 
training institutions which already possess the pedagogical 
logistics for generating these requisite skills.

Promote societal acceptance of agri-food 
innovations

Society’s acceptance of innovations is another critical 
variable in a farmer’s decision-making about incorporating 
new technologies into their food production systems. The 
agriculture sector must contend with changing consumer 
tastes, societal values, and other expectations. Managing 
these societal pressures makes developing and adopting 
new or improved technologies unpredictable, messy, time-
consuming, and costly. 

Farmers are keenly aware that the public is concerned 
not only about how innovation affects the safety of foods 
consumed but also increasingly about the ecological 
footprint of food production. As The Economist (2021)9 
observes, food is one of the vital links connecting the 
personal to the planetary. 

8 https://ontariograinfarmer.ca/2021/11/01/bringing-robots-to-field-crops
9 The Economist. October 31, 2021. The Future of Food: New ways to make food are coming — but will consumers bite? https://www.economist.
com/leaders/2021/10/02/new-ways-to-make-food-are-coming-but-will-consumers-bite

Photo courtesy Vineland Research and Innovation Centre
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The public is also increasingly concerned about whether  
the adoption of automation and robotics technology  
will threaten workers’ job security and safety. Addressing  
society’s acceptance of new and emergent innovation trends  
in the agriculture sector thus requires responding to the 
broader public’s dietary, environmental, cultural, ethical, 
labour and social concerns and sensitivities. 

A recent article in The Grower observes that “Canadian 
consumers [are] mostly unaware of agriculture’s 
innovations.”10 The article concludes that closing this gap 
in knowledge by increasing public awareness will be crucial 
for the agriculture sector to continue to innovate and adopt 
technologies. Government thus has a vital role to play 
in developing new pathways to engage and educate the 
public and address society’s questions and misinformation 
about innovation in the agri-food sector. We recommend 
that government be more intentional in promoting societal 
acceptance of agri-food innovations, including the role of 
automation and robotics in food production. 

Coordinate policies and programs across levels 
of government

None of the recommendations above would realize their full 
potential without greater policy and program coordination 
among levels of government. Ontario’s efforts would be 
only partial measures. Therefore, the final recommendation 
on government’s direct role in accelerating the adoption of 
automation and robotics technology is for greater policy and 
program coordination vertically among levels of government 
and horizontally across departments within the same level of 
government to ensure greater synchrony. 

A notable example of joint intergovernmental action is 
the Canadian Agricultural Partnership (CAP), a multilevel 
initiative worth billions of dollars over five years ($3 billion in 
the 2018–2023 round of partnership). The federal, provincial, 
and territorial (FPT) governments are jointly involved in 
this initiative to assist in the protection of the farming 
industry and support the development and adoption of new 
technologies within the agri-food sector. Through more 
initiatives like CAP, Ontario’s farmers and ag-tech developers 
could immensely benefit from such single-window joint 
delivery mechanisms pooling federal and provincial/territorial 
resources that can considerably advance risk-mitigation 
ventures for highly ambitious, transformational and globally 
competitive automation and robotics technology adoption. 

However, an ideal situation from the standpoint of 
integrated and comprehensive public policy would be 
a multilevel governance approach in which the federal 
and provincial levels of government closely coordinate 
their program and funding initiatives in partnership 
with municipalities. The three levels of government 
could then provide joint oversight of existing and new 
CAP programs, which are often delivered by third-party 
not-for-profit organizations. This would allow for more 
institutionally synchronized policy measures rooted in 
respect for local and regional municipal jurisdictions as 
frontlines of community-driven solutions supported by 
upper-tier governments.

10 The Grower. “Canadian consumers mostly unaware of agriculture’s innovations.” December 12, 2022. Article authored by Karren Davidson. 
https://thegrower.org/news/canadian-consumers-mostly-unaware-agricultures-innovations 

Photo courtesy Jason Blackeye, Unsplash
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THEME 2: IMPROVING ONTARIO’S AGRICULTURE INNOVATION SYSTEMS (AIS)

The second major theme across all four phases of the 
research project is the need to improve the performance 
of agriculture innovation systems (AIS). An “innovation 
system” is an assemblage of heterogenous parts 
(researchers, technology developers, intermediaries, 
industry end-users, etc.) within an economic sector 
working towards a set of common goals (Bramwell et 
al. 2019; Kivimaa et al. 2018; Conteh 2020; Conteh 
and Harding 2021). Some of the core success factors 
of innovation systems are as follows: creating better 
access for firms to information, knowledge, skills, and 
experience; facilitating intense linkages and cooperation 
between researchers, technology developers, 
intermediaries and end-users; creating support 
systems to reduce investment risks, moral hazard, and 
information and transaction costs; cultivating a better 
trust base and social cohesion in ways that permit the 
various actors both to compete and to collaborate 
(Wolfe and Gertler 2016; Klerkx and Begemann 2021). 
 
Improving the performance of Ontario’s agriculture 
innovation system is, in fact, closely intertwined with 
recommendations under the first theme on the role 
of government. For example, through a functional and 
effective innovation system, governments can deliver 
successful cost-share and other incentive programs. 
Through the work of partners in such AIS, standards 
for data interoperability and security and privacy can 
be voluntarily incorporated into farming operations 
as industry best practices and norms of socialization. 
Similarly, experimental research stations are entities  
whose operations are usually embedded within AIS. 
And finally, promoting societal acceptance of agri-food 
innovations is not the exclusive business of government 
but one best undertaken in partnership with industry 
and non-profit actors. 

Therefore, this section focuses less on the direct or 
exclusive role of government in policy development, 
program reform and supporting standards development 
and on the wider AIS within which it works with industry 
and non-profit actors in the agriculture sector to accelerate 
the adoption of automation and robotics technology. 
Participants in our study highlighted issues plaguing the 
relationship between the broader institutional architecture 
of Ontario’s agri-food innovation system and the farming 
community. Principally, farmers lack awareness about the 
activities of research centres and technology providers 
located within their regions or the province at large. 

Strategic leadership in building a functional and 
trust-based agriculture innovation system 

A functional and integrated AIS involves strategic leadership and 
close interconnections between the state, market and non-profit 
actors in the pursuit of greater technological development, 
adoption and economic competitiveness. This is because, 
contrary to the myth of liberal orthodoxy, innovation systems 
seldom create themselves organically (de Boon et al. 2021). 
Like all market entities, AIS are subject to perverse tendencies 
such as rivalry, rent-seeking, intellectual property violations, 
abuse of personal data and information asymmetry, and other 
opportunistic behaviours (Turner et al. 2020; Conti et al. 2021). 

Innovation systems are so-called because they consist of tangled 
webs of actors in conflictual and cooperative joint action (Garbade 
et al. 2012). An effective and functional innovation system is thus 
about strategic and visionary leadership in creating the institutional 
support systems serving as a governance architecture. Innovation 
systems point to a set of policy, regulatory, financial, and other 
institutions jointly set up by governments, industry and non-profit 
stakeholders. These institutions consist of an amalgam of laws (such 
as intellectual property rights and data management and privacy 
standards), resources (such as funding or research and development), 
and organizations (such as extension services, post-secondary 
institutions, research centres, and industries) that support and 
sustain the pursuit of a shared set of innovation goals. 

However, beyond regulations and resources, strategic leadership in 
building a functional AIS requires actively bringing together public 
and semi-public entities, post-secondary institutions, research and 
training centres, technology producers and farmers into sustained 
and iterative networks. Building such networks means, first and 
foremost, cultivating trust among AIS partners from diverse 
cultures — technology developers, researchers and farmers. The 
majority of interviewees and focus group participants made direct 
reference to ‘trust’ and its vital importance in building an AIS where 
technology developers and farmers can work together. For example, 
a key part of building such trust is for the AIS leadership to work on 
establishing ethical standards for communicating and promoting 
new technology to mitigate technology developers’ tendency to 
overstate their digital technologies’ performance and benefits. 

Similarly, AIS leadership should create the requisite standards  
for validating new technologies to avoid situations where 
immature technologies that do not have enough successful case 
studies to demonstrate their merit are aggressively promoted 
and sold to farmers.
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The rate of automation and robotics technology adoption 
is often partly a function of upstream push factors related 
to the development and transfer of technology by a 
constellation of laboratories, post-secondary institutions, 
and research centres within an AIS (Leeuwis and Aarts 2021; 
Glover et al. 2021; Ronner et al. 2021; Knickel et. 2021; 
Toffolini et al. 2021). Several interviewees in our study 
described some automation and robotics technologies 
as “solutions in search of a problem,” meaning that the 
technologies being developed and promoted to farmers 
seldom address problems that farmers consider a priority. 
Other interviewees highlighted the fact that while many 
researchers and technology developers were ‘very good 
engineers,’ they lacked an understanding of the realities 
of farming, and as a result offered solutions that were not 
aligned with actual agricultural practices. 

There is growing support in Canada for ag-tech start-ups, 
which addresses an acknowledged need for Canadian-
made agriculture technology that is designed for Canadian 
agriculture production models. 

However, to address farmers’ concerns that we uncovered 
in earlier phases of our research about relevant and reliable 
technical support,11 we propose that the province’s AIS 
embrace an end-user development model that entails 
embedding technology developers and researchers into the 
world of farmers in sustained relationships and processes of 
technology co-creation. 

There are several reasons for adopting an end-user 
development model. First, it would deepen the appreciation 
among technology developers for the risk calculus of 
farmers and why they may tend to be “risk-averse,” as 
some technology developers tend to complain. Underlying 
this model is the need to bridge the differences between 
technology developers and farmers. 

Second, adopting an end-user development model would 
mean including farmers at all stages of the innovation 
process through ongoing problem-based dialogue to solve 

practical problems. For instance, one suggestion was for 
“onsite technology developer-farmer collaboration,” in 
which technology developers are embedded within farms 
to maintain ongoing feedback loops between farmer and 
technology developers to aid in problem identification, the 
framing of solutions and designing potentially problem-
solving automation and robotics technology. This will 
enable technology developers to collect the data needed 
to develop relevant technologies. An example of such a 
relationship that could serve as a model is the co-location 
partnership between Sunrise Greenhouses and Bold 
Robotics Solutions in Niagara. 

The problem-based model of targeted technology 
development will substantially mitigate the prevalent 
problem of technology developers working on novel 
technology that may not solve the pressing problems 
confronting farmers. Farmers are overwhelmed with  
day-to-day farming details, but they know exactly the 
problems that need solving. 

Third, the end-user development model would be a 
critical solution to the need for technology adaptation and 
customization. Many farms/businesses require customized 
solutions, which require an in-depth understanding of the 
peculiar needs of a particular farm. Rarely does an off-the-
shelf technology fit seamlessly into an operation; it requires 
modifications and involves learning curves. 

Fourth, the end-user development model is conducive 
to creating an AIS with effective and sustained data 
management and equipment maintenance support 
systems. Earlier phases of our study indicate that a 
common feature of automation and robotics technology 
is the vast amount of data that is collected, which is 
purported to be invaluable for making production decisions 
that lead to various benefits. 

Data overload is a growing crisis as managing, analyzing, 
and interpreting the massive volume of data is proving to 
be a challenge that limits the use of the data for production 
recommendations and decisions. Farmers are resorting to 
outsourcing data analysis to specialists in order to cope. 
However, outsourcing comes with the risks of security 
and privacy breaches and additional costs. Embedding 
technology developers within farm operations will help 
farmers manage and interpret accumulated data in ways 
that are more secure, predictable and sustainable. 

11 See also the following studies for more information about the challenges of relevant and reliable technical support for Canadian farmers: 
Agricultural Institute of Canada (AIC). 2018. “An Overview of the Canadian Agricultural Innovation System”. Ottawa: AIC.
Hambly Odame, H. (2020). “Agricultural and agri-food extension in Canada”. In D. O. Torimiro (Ed.), Global Agricultural Extension Practices:  
Country by Country Approaches: Nova Publishers.

Embrace an end-user development model 
of technology adoption — co-creation — to 
strengthen connections between researchers, 
technology developers, and farmers
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It is worth reiterating that none of the promises of the end-
user development model would be fully realized without 
the active support of AIS leadership in institutionalizing, 
incentivizing and strengthening sustained collaborations 
between the technology developers and solution providers, 
and the farming community. 

Scholarship on regional innovation systems acknowledges 
that regions are endowed differently (Breznitz, 2021; 
Bramwell et al., 2019; Gertler and Wolfe, 2016). In this 
regard, geography matters — the idea that a network 
of geographically proximate actors within an economic 
conurbation12 provides the social glue for the joint pursuit 
of innovation (McAdam et al. 2016). A combination of local 
physical assets, human talents, and networks of close-knit 
relationships often serve as the engine of technological 
innovation and economic competitiveness.  

Regions provide the geographic space for generating, 
facilitating, and exchanging knowledge through their 
collection of tangible and tacit assets (Doronina et al. 2016; 
Clarke and Ramirez 2014). Geographic proximity allows 
actors to exchange ideas and build synergies in ways that 
are impossible on provincial, national or global scales. 

Historically, Ontario’s agriculture sector has comprised  
a mosaic of regional agri-food specializations, which  
have played an invaluable role as hubs and engines of 
growth, job creation and rural economic development 
(NCO 2019). However, most of the province’s regional  
agri-food clusters are still mere concentrations of farms  
and agribusinesses leveraging the benefits of favourable  
soil and climate rather than robust regional AIS. Among 
other consequences, fragmented regional AIS results in 
weak support for integrating technology across a region’s 
agri-food value chain.

One of the recurring comments throughout the research 
was the need to design support systems that are tailored 
to the peculiar differences and strengths/weaknesses of 
different regions across the province. For instance, our 
survey and in-depth interview results raised questions 
related to the dynamics of the Niagara AIS, including 

the extent to which farmers are aware of and engage with 
local innovation resources and how that engagement 
might be enhanced to create pathways for the adoption of 
automation and robotics technology. 

Overall, farmers in Niagara have weak connections to 
Niagara-based researchers and research facilities. Few of the 
farmers interviewed engaged or collaborated with Niagara-
based research institutions. Those who did engage were 
disappointed with the experience and felt that local research 
institutions were more focused on developing international 
collaborations in larger markets. 

One suggestion among participants in our study is to deploy 
technology-based intermediaries such as the province’s 
Regional Innovation Centres (RICs) to work more closely with 
the agriculture community. This way, the RICs can serve as 
bridge entities between a local technology community and 
farmers in that region. However, to create a synchronized 
system in the province, RICs would need to integrate and 
work closely with OMAFRA extension specialists and private 
agriculture advisors and consultants. Such a measure would 
help address the tendency for technology developers to 
view agriculture as an exotic sector that they may only 
occasionally and sporadically explore. 

These intermediaries would serve as custodians of the 
end-user development model we proposed above, ensuring 
that technology developers within their membership be 
physically present and engaged with farmers in the co-
creation of technology. However, the RICs in their current 
form can hardly perform such a role. They are constrained by 
limited staff and resources. They would also need to develop 
the requisite agriculture expertise. It would thus require a 
clear mandate with adequate funding, training and concrete 
performance indicators to engage the agriculture sector. 

Regardless of the organizational platform, leveraging regional 
diversity through regional AIS will give concrete expression 
to our recommendation above to pursue an integrated 
intergovernmental policy initiative rooted in multilevel 
governance in which the federal and provincial levels of 
government closely coordinate their program and funding 
initiatives in partnership with regions and municipalities. 
Establishing regional AIS across the province would allow 
for more institutionally synchronized innovation program 
delivery rooted in respect for regional jurisdictions as 
frontlines of community-driven solutions.

12 A conurbation is an extended area often consisting of several municipalities (rural, urban, semi-urban) that have merged over time to form one 
continuous economic region.

Embrace regional diversity and establish 
regional agriculture innovation systems
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THEME 3: DEPLOYING PURPOSE-DRIVEN INTERMEDIARIES 

The last but certainly not least of the three major themes 
in the recommendations presented in this report is about 
providing better support for intermediaries. Intermediaries 
are organizational actors at the centre of AIS consisting of 
iterative relations between groups bound together by their 
shared interests in a set of technologies. Intermediaries have 
been described by other names such as “middle actors,” 
“hybrid actors,” “boundary spanners,” “user assemblages,” 
and “interaction arenas” (Kivimaa et al. 2018). Regardless of 
the name, they are the organizational brokers shepherding the 
development, promotion and adoption of new and improved 
technologies in innovation systems (Klerkx et al. 2009; Fait et 
al. 2019; Bramwell et al. 2019). They are the bridge or lynchpins 
(such as OMAFRA’s advisory and extension services) that 
connect actors nested within an innovation system (Ramirez et 
al. 2017; Kivimaa et al. 2018). In short, they are intercessors or 
mediators bringing together the distinct worlds and cultures of 
government, the automation and robotics technology industry 
and the agriculture sector to collaborate under one canopy. 

The above construct of such intermediaries aligns with 
Breznitz’s (2021) articulation of the aim of innovation policy, 
namely, to equip the agents of innovation (technology 
developers and farmers, for instance) with the capacities 
they need to excel by developing, supporting and sustaining 
the AIS within which such actors co-exist and cooperate. 

None of the recommendations under the two broad 
themes above — the role of government and improving 
AIS — will be realized without intermediaries that have a 
clear mandate and are competent and well-resourced. In 
short, at the heart of every functional and effective agri-
food innovation system are purpose-driven intermediaries 
(Ramirez et al. 2017). For example, intermediaries are 
the organizational conduits through which government 
and its agri-food innovation partners deliver and monitor 
cost-share and other incentive programs. They are often 
the custodians of industry standards and norms of best 
practice. Intermediaries are also active agents in promoting 
societal acceptance of agri-food innovations. 

Moreover, the idea of strategic leadership in building 
a functional AIS would be meaningless if not for the 
efforts and activities of intermediaries who shepherd 
the cultivation of networks in such AIS. For instance, 
the recommendation above to embrace an end-user 
development model of technology co-creation can only be 
realized by the active agency of intermediaries who act as 
the matchmaker of sustained and iterative relationships 
between technology developers and end-users. 

Participants in all four phases of our study highlight the fact 
that over the past 20 years, public advisory services have 
been significantly scaled back, and a more pluralist system is 
emerging, with an increase in advisory services being delivered 
by the private sector (Klerkx & Proctor 2013). When asked 
from whom they seek information and advice about adopting 
automation and robotics technologies, farmers generally said 
other farmers. Several of the farmers we interviewed were 
either unaware of advisory services provided by OMAFRA or 
chose not to access these services. On the other hand, many 
highlighted how valuable OMAFRA extension services were 
and the challenges extension specialists faced in meeting the 
needs of the agriculture sector. 

The problem here seems two-fold. First, there are not enough 
advisory services in the province. Second, some farmers do not 
perceive the limited services available to be competent sources 
of advice on adopting automation and robotics technology. 
Moreover, farmers also expressed a preference for one-on-one 
interactions, which far exceeds the capacity of what is currently 
available in the province. In fact, OMAFRA extension specialists 
and advisors highlighted the challenges of keeping up with the 
rapid advancements in automation and robotics technology 
and making effective, meaningful connections with farmers. 

If AIS is the scaffolding in the acceleration of technology 
adoption, as we argued above, then intermediaries are the 
planks of that scaffolding. They are the translators and curators 
of knowledge and information not only in helping technology 
end-users manage the problem of information overload but 
also making such information less intimidating and more 
accessible and intelligible. Intermediaries are vital to encouraging 
growers’ interest in learning and deeper engagement with new 
technologies. We thus recommend revamping the province’s 
KTT architecture to offer farmers one-on-one technical support 
as they navigate the complexities of technology adoption. 
However, intermediaries in their current form need to be better 
resourced to undertake such a role. For instance, they need the 
personnel and financial resources to cultivate and maintain 
one-on-one connections with both technology developers and 
farmers in a way that positions them to be more embedded 
in both communities and thus bridging the two cultures. The 
axiom to “know one’s audience” is particularly relevant in this 
context. Intermediaries’ audiences are technology developers 
on the one hand and farmers on the other. 

Revamp the knowledge translation and transfer 
(KTT) architecture for a clearer mandate
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With adequate personnel and better financial resources, 
intermediaries could undertake more outreach activities to 
connect the technology community and growers. In Ontario, 
one immediate step in this direction would be revitalizing 
OMAFRA’s extension services program by providing more 
specialists with focused/discrete roles and responsibilities, 
and competencies for accelerating technology adoption. 

Mobilize industry associations as intermediaries 
to improve farmers’ awareness of the research 
and technology development resources available

 
In addition to revitalizing OMAFRA’s extension services 
program in revamping its KTT architecture, government 
should provide additional support and resources to existing 
networks of organizations in the agriculture sector (such as 
commodity associations and general farm organizations) to 
serve as intermediaries or platforms for knowledge transfer 
about automation and robotics technology. This would also 
mean mobilizing local farm supply centres as information 
and education intermediaries tasked with raising the level of 
technology awareness among farmers. The goal is to deploy 
all major organizations in the sector as information and 
education powerhouses for disseminating and promoting 
information about new and improved technologies and 
available incentive programs for their adoption. 

Provide adequate training in the requisite skills 
for brokering knowledge exchange between 
technology developers and farmers

 
Revamping the existing structure of intermediaries by adding 
more personnel and resources and mobilizing other organizations 
as intermediaries would be only a partial step. Farmers should 
perceive such intermediaries as competent sources of advice 
about adopting automation and robotics technology. 

We thus recommend providing effective training for 
intermediaries in the requisite skills of serving as translators, 
educators, and brokers of often esoteric knowledge about 
technologies and their applications. For instance, extension 
specialists need training to gain competence in sharing ever-
changing information about state-of-the-art technologies in 
precision agriculture. Also, while their role is not to sell products, 
they need marketing skills to communicate to farmers the 
value proposition and potential return on investment (ROI) 
for adopting new and improved technologies. Intermediaries 
have a role in this regard to provide not just information 
about available technologies and financing programs but also 

to help farmers explore savings and efficiencies of  
incorporating new technology into their operations. 

Similarly, if technology-based intermediaries (such as the Regional 
Innovation Centres we recommended above) are deployed to 
support the agriculture sector, they will need to be trained in the 
basics of agriculture in order to communicate effectively with 
members of the community. Furthermore, technology-based 
intermediaries would also need training in the ethical imperatives 
of serving as independent and objective brokers, not aligned with 
promoting the interest of any particular technology producer but 
serving the best interest of farmers and advancing the public good. 

Cultivate closer links between provincial and 
national networks of agriculture intermediaries

A final recommendation under this theme is to deepen interaction 
among provincial and national intermediaries. The aim would be to 
expand the radius of information flow and exchange available to 
Ontario farmers. Similar to the call for greater intergovernmental 
synchrony in policy development and establishing an integrated 
AIS, cultivating closer ties between provincial and national 
innovation intermediaries would be a logical step in building 
a national agriculture innovation system. Coincidentally, the 
national intermediary landscape in Canada is changing, with 
the network broadening and deepening in more recent years 
(Agricultural Institute of Canada 2018; Hambly Odame 2020). 

For instance, the country’s AIS has mushroomed with a plethora of 
intermediaries that can be grouped into two broad types: sector-
wide systemic intermediaries and industry-specific intermediaries. 
Sector-wide systemic intermediaries are the innovation network 
platforms operating across various industries within the agri-
food sector. Examples include Protein Industries Canada (PIC), 
Canadian Agri-Food Automation and Intelligence Network 
(CAAIN), Canadian Food Innovation Network (CFIN), Global 
Institute for Food Security, and Genome Canada. 

Industry-specific intermediaries are at the centre of agri-science 
clusters focusing on specific commodities within the agri-food 
sector. Some of these intermediaries include the Barley Council of 
Canada’s National Barley Cluster, Pulse Canada’s Pulse Cluster, the 
Diverse Field Crops Cluster, the Sustainable Beef and Forage Science 
Cluster, the Canadian Field Crop Research Alliance’s Soybean, 
Oat and Corn Cluster, the Western Grains Research Foundation’s 
Integrated Crop Agronomy Cluster, and the Grape and Wine Cluster. 

Most of these actors are vital innovation system platforms 
to which the province’s intermediaries could be more closely 
connected to fully harness the country’s pool of resources 
and expertise into building a globally competitive agri-food 
production system in Ontario.



CONCLUSION

The recommendations above result from a two-year 
research endeavour to shed light on the challenges and 
opportunities associated with adopting automation and 
robotics technology in Ontario. Through a combination 
of a province-wide survey, an in-depth case study 
of farmers and technology developers in Niagara’s 
agriculture innovation system, interviews with Canada’s 
Global Innovation Clusters (GICs), discussions with five 
multi-stakeholder focus groups, and a global knowledge 
synthesis of the extant literature from the last five 
years, the research team has generated and offered an 
empirically grounded set of policy recommendations 
and action steps to accelerate automation and robotics 
technology adoption by Ontario’s agriculture businesses. 

The urgency and salience of these recommendations 
are borne by the dire reality that the overall level of 
adoption of automation and robotics technology in 
agriculture is only 39 per cent of our respondents, as 
we found in phase 1 of this project. While this number 
is similar to other sectors, it points to deeper systemic 
constraints and issues in Canada’s national innovation 
system, as the third phase of our research involving the 
GICs uncovered. 

In Ontario’s agriculture sector, the high costs of 
acquiring new technology, the lack of relevant 
technology, and insufficient return on investment are 
among the top reasons why farmers choose not to 
adopt. Even those who adopt automation and robotics 
technology noted substantial barriers such as lack of 
government support or funding and lack of in-house 
expertise to sustain their venture. 

Nevertheless, there are indications that farmers see 
considerable merits in adopting automation and 
robotics technology. For example, the top three 
reasons given for technology adoption were increased 
productivity, greater production efficiency, and 
reduced costs. The recommendations in this report are 
thus designed to build on this interest by suggesting 
concrete action steps that government and other 
stakeholders could pursue to leverage emergent or 
nascent opportunities and address the constraints 
and barriers to adopting new technologies in the 
agriculture sector. 

Adopters and non-adopters alike agree that government 
has a critical role to play through initiatives like embracing 
a broader conception of technological innovation, 
restructuring cost-share incentive programs, supporting 
and facilitating the development of standards for data 
interoperability, and ensuring greater security and privacy. 
Furthermore, they expected government to build the 
requisite digital and physical infrastructure in rural areas, 
expand the mandate and capacity of experimental research 
stations, harness emergent labour trends to cultivate the 
requisite skills, and promote societal acceptance of agri-
food innovations. 

They also called for more strategic leadership by public, 
private and non-profit stakeholders in building a functional 
and effective AIS in Ontario. They offered suggestions for 
an end-user development model of technology adoption 
that is built on co-creation of solutions focused on clearly 
defined problems between technology developers, 
intermediaries, and farmers. 

Finally, they expressed a strong desire for purpose-
driven intermediaries with a clear mandate, adequate 
resources, and the technical competence to shepherd 
farmers and technology developers into sustainable and 
iterative relationships of technology co-creation. While 
this would partly involve scaling up the province’s public 
advisory services, such as revamping OMAFRA extension 
specialists and advisors, there are other equally pertinent 
suggestions. One such is to mobilize industry associations 
as institutional intermediaries to help improve farmers’ 
awareness of the available research and technology 
development resources. Another is to mobilize technology 
intermediaries like the RICs as regionally embedded 
platforms of technology co-creation. Our study has shown 
that farmers, technology developers, and researchers 
wish to see closer links between provincial and national 
networks of agriculture intermediaries to fully leverage the 
full resources and expertise available across Canada. 

In closing, it is our hope, as researchers, that the 
recommendations generated from our study will serve 
as evidence-based action steps for accelerating the 
development and adoption of automation and robotics 
technology in Ontario’s agriculture sector, propelling it  
into a globally competitive production system.
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