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Introduction

The Case for Innovation

With this ‘working paper’ we present the preliminary
results of a province-wide survey on the adoption of
automation, robotics, and precision agriculture by the
Ontario agriculture sector. The survey is part of a larger
study funded by the Ontario Ministry of Agriculture,
Food and Rural Affairs to investigate the barriers
and drivers in the pursuit of globally competitive
production systems in Ontario’s agrifood sector. In
addition to the survey, in-depth interviews, site visits
and focus groups are planned, which will allow the
research team to generate policy recommendations
and solutions for accelerating technology transfer and
adoption in Ontario’s agriculture sector. The purpose of
this working paper is to provide a descriptive analysis of
the survey results and to highlight interesting patterns,
trends and relationships that will be further unpacked
at a later date, through deeper analysis of the survey
data alongside data gleaned from the subsequent
interviews, site visits, and focus groups.

The agriculture sector is facing myriad challenges, ranging from new
consumer demands for sustainable food products, climate change,
food security, volatile input and commodity prices, labour shortages,
environmental sustainability, and ongoing trade issues. Innovation
is the key driver for overcoming these challenges, as well as improving
productivity and strengthening the competitiveness of the sector
(Agri-food Innovation Council [AIC], 2017; Hall et al, 2005). In general,
farms realize more than economic and financial benefits from being
innovative. They acquire strategic advantages by expanding their
knowledge and identifying opportunities for future growth through
social learning (Hermans et al, 2013). Innovative farm operations
are simply more successful. Innovation in the agriculture industry
manifests across a range of activities, such as the development and/or
adoption of new products, technologies, marketing strategies, business
management practices and organizational structures (Micheels &
Boecker 2017; OECD 2013). For the purposes of this working paper and
the broader project in which it is situated, we focus on the adoption of
automation, robotics, and precision agriculture technologies as a key
aspect of innovation in the Ontario agriculture sector.

The report is organized as follows: First, we make
the case for the importance of innovation to the
competitiveness and sustainability of Ontario’s
agriculture sector, provide historic context for Ontario’s
agrifood clusters and introduce the concept of regional
innovation systems. Second, we describe the survey
design and data curation. Third, we present the results
of the survey, highlighting interesting patterns, trends
and relationships that appear to shape technology
adoption and which will be more deeply explored
through the subsequent phases of the project. Finally,
we conclude with questions that will inform and
guide the next phases of the project and offer insights
on what we see as potential policy implications for
government and other stakeholders based on these
preliminary findings.

In 2017, the Agrifood Economic Strategy Table set bold, historic
growth targets for domestic sales and global exports, which were
meant to position Canada as one of the top five competitors in the
global agrifood sector. To meet the challenge of these ambitious
goals, the agrifood sector must embrace technological innovation
and, more specifically, the adoption of disruptive and transformative
technologies that have been aggregated under the rubric of Industry
4.0, including automation, robotics and precision agriculture
technologies (Oltra-Mestre et al 2020; Trivelli and Apicella 2019) 1.
The benefits of automation, robotics and precision agriculture
technologies are clear; these tools dramatically improve productivity,
growth, quality, safety, sustainability and customer satisfaction
(BDC 2017; FCC 2019). One area where these technologies are
showing promise is as a solution to the growing labour market
shortages faced by the agriculture sector, such as robotic cucumber
harvesting (Cukier, 2021).
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The Policy Problem
Technology adoption is one of the most pervasive challenges
limiting the global competitiveness and productivity of Canada’s
agrifood sector (Agrifood Economic Strategy Table, 2017).
Despite continued public investment over the past several
decades in research and technology development, the
Canadian agrifood sector has a lacklustre record of adoption,
which is jeopardizing its ability to compete globally and
to meet new domestic opportunities (Advisory Council
on Economic Growth 2017; AIC 2017). Identifying what is
and is not being adopted, by whom and why or why not, is
critical to developing provincial, regional, and local policies,
strategies and programs that mitigate risk and accelerate
technology development and adoption.

The Ontario Agriculture Sector and Regional
Systems of Innovation
Historically, Ontario’s agriculture sector has been made up of
a mosaic of regional agrifood specializations throughout the
province, which have played an invaluable role as regional
hubs and engines of growth, job creation and rural economic
development (NCO 2019; West 2000; Longtin et al 2005).
These regional agrifood clusters have emerged over time
by leveraging natural endowments of favourable soils and
microclimates. However, global trends linked to complex
societal imperatives such as sustainability, food security,
changing consumer demands, and climate change, as well as
the unprecedented pace of technological advances that are
fundamentally re-shaping the agrifood sector, have rendered
favourable soils and climate conditions a necessary but not
sufficient condition for sustained competitive advantage
(Hall et al 2005; Fraser et al, 2016). To compete in the
global agrifood sector of the 21st century, farmers need to
operate within a regional innovation system in cooperation
with other agrifood innovation stakeholders with a shared
commitment to the creation and use of advanced technology
(Hall et al 2005; Ramon 2016; Roucan-Kane 2011; Sabourin
and Ayande 2015; Van Galen and Poppe 2013).
Most of Ontario’s regional agrifood clusters are still mere
concentrations of farms and agribusinesses leveraging the
benefits of favourable soil and climate rather than robust
innovation systems taking full advantage of advanced
automation and robotics technologies. While many factors
constrain farms from adopting technology, systemic barriers
have been identified as priorities for policy intervention
(OMAFRA 2020; Agrifood Economic Strategy Table 2017;
AAFC 2011). Systemic barriers take several forms (AAFC 2011;
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Garbade et al 2012; Ntiamoah 2019). One such barrier is
fragmented regional innovation systems (Herman et al
2015). Such systems are characterized by weak linkages and
collaboration between and among key stakeholders, such as
research centres, technology providers, educational institutions,
advisory services, farmers, funding and investment organizations
and agricultural policy within the same geographic space
(The World Bank 2012). Among other consequences, fragmented
regional innovation systems result in weak supports for
integrating technology across a region’s agrifood value chain
(OECD 2013). We believe there is a role for policy to ensure
well-coordinated regional innovation systems that support
the development and implementation of advanced agriculture
technologies (Cristóvão et al, 2012; Klerkx et al, 2012). With
this working paper, we begin to explore this broad hypothesis.

Survey Design and Distribution
This survey is part of a broader study entitled “Building
Competitive Production Systems in the Niagara and Ontario
Agrifood Sector: Accelerating the Adoption of Automation
and Robotics Technology,” that identifies and addresses
the emergent and longstanding barriers and drivers to
innovation, specifically automation and robotics technology
adoption. The online survey was distributed in four ‘waves’
from November 2020 to February 2021. In the first wave four
project partners emailed a unique survey link to individuals or
organizations in their proprietary databases considered to be
active in the agrifood sector. For the second and third waves
a unique link to the survey was sent to 2,743 email addresses
extracted from websites of farms and agribusinesses based
in southern Ontario. For the fourth wave, a unique link to
the survey, along with a short write-up of the project was
included in two consecutive issues of the Ontario Federation
of Agriculture weekly newsletter (Feb. 5 and Feb. 12, 2021).
It is unknown how many people received the survey and thus
a response rate could not be determined.
The survey included 35 questions, including farm demographics
(age of the operation, number of employees), reasons for and
for not adopting, and the role of government in supporting
the adoption of technology (Table 1). Technology adopters
were asked to identify the most successful technology they
had used in the past 10 years and to provide details about the
adoption process and experience, including the time to fully
implement the technology and realize the expected outcomes;
financing and acquisition terms; barriers to adoption; and their
perceptions about the impact of technology adoption on their
farm. All respondents were also asked a series of Likert-scale
questions related to their perceptions of the agrifood innovation
system in their region.

Table 1. Key questions from the online survey.
Has your farm or agrifood business adopted and implemented
any robotics and/or automation technology in the last 10 years
(2010–2020)?
Why has your business decided to not adopt or implement
automation and robotics technology in the last 10 years?

there are 49,600 farm operations in Ontario, 60 per cent produce
crops and 40 per cent raise livestock, making our dataset overrepresented by crop production.2 From the postal codes provided
by 172 of the 174 farm respondents, our sample represents farms
from 116 unique postal codes in southern, eastern and western
Ontario. The densest concentration of responses—70—are in the
Niagara Region (Figure 1).

In the last 10 years, what robotics and automation technologies
has your farm or agrifood business adopted and/or implemented?
(Select all that apply)
Of the technologies you have adopted and/or implemented,
which in your opinion has been the most successful for your
farm or agribusiness?
What were the reasons for adopting and implementing the most
successful technology?
How long did the most successful technology take to fully implement?
In your opinion, which of these criteria was the most important
in choosing the most successful technology: cost, ease of use or
performance?
How long did it take to achieve those outcomes? (years)
In your experience with the most successful technology, what were
the top barriers to adopting or implementing this technology?
(Select at most three options)
How was the most successful technology financed?
How was the most successful technology acquired?

Figure 1: Distribution of responses based on postal code

Was the technology acquired locally, within 100 km of the location of
your farm or agrifood business?

Survey Results

In your opinion, what is the role for government in supporting
the adoption and implementation of automation and robotics
technologies in the Ontario agrifood sector? (Select all that apply)

For this working paper, we present interim results of the
survey, focusing on key questions about who has adopted
what technologies and why or why not, as well as the barriers
identified by both adopters and non-adopters. Future policy
briefs will report on more in-depth analysis based on the full
survey results, as well as in-depth interviews, site visits and
focus groups that delve into the complex relationships and
dynamics that shape decisions related to the adoption and
non-adoption of automation and robotics technologies in the
Ontario agriculture sector.

Data Curating
Several criteria were used to extract the final dataset from the
total responses. The final, curated dataset included respondents
who identified (1) as owning, operating, or working for a farm
and (2) as producing crops and/or raising livestock. These two
criteria were used in combination to ensure that those who
identified as being associated with a farm provided confirming
information about the type of farm. Of the total of 295 survey
respondents, 174 met these criteria and have been included in the
final dataset. As is common with much online survey research,
this is a non-random sample. Of this curated dataset, 81 per cent
reported that they produced crops, while 32 per cent said that
they raised livestock. According to the 2016 Census of Agriculture,

Level of Adoption Low but Similar to Other
Economic Sectors
The dataset shows 39 per cent of respondents adopted automation
and robotics technologies in the past 10 years (Figure 2). While
this may be a lower-than-preferred rate, there are several
factors to consider when making judgements. First, low levels of
technology use are a common feature of Canada’s economy.
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The level of adoption seen in our survey is similar to that of
other Canadian sectors. Both the Canadian Manufacturers
and Exporters, and the Business Development Bank of Canada
reported similar adoption levels of automation and robotics
technologies by Canadian manufacturers (CME, 2016; BDC,
2017). There are also regional contexts where levels of adoption
appear to be linked to geography. The Business Development
Bank of Canada reported a 39-per-cent adoption level of
Industry 4.0 technologies by Ontario manufacturers, whereas
in Quebec uptake was 45 per cent (BDC, 2017).
Figure 2: Have you adopted automation or
robotics technology in the past 10 years?

Yes
39%

No
61%

The Census of Agriculture Paints a
Different Picture
A key basis for comparison of our sample is the Census of
Agriculture, which is carried out by Statistics Canada every five
years and is mandatory for any operation that grows crops or raises
livestock with the intention to sell. The last Census of Agriculture
was in 2016 and it included a question about technology use. While
these data are almost five years older than ours, they still provide
the most recent, reliable benchmark against which to compare
our survey results. The 2016 Census of Agriculture reported that
across Canada, 66 per cent of farms were using technology 3 , with
most farms reporting the use of computers (56 per cent) and
smartphones or tablets (43 per cent) (Statistics Canada, 2017).
However, when considering automation and robotics technologies,
the Census reported lower levels of use by Ontario farms than our
survey, with the highest reported level of use being GPS technology
at 28 per cent (Statistics Canada, 2017) (Figure 4).4
Figure 4: Technology use on Ontario farms
2016 Census of Agriculture
Source: Statistics Canada Table: 32-10-0446-01

28%

GPS

Additionally, there are nuances to be considered given the
diversity of Ontario’s agriculture sector. The 39-per-cent
adoption level from our survey represents both crop and
livestock commodities. There are varying levels of adoption
among the different commodities. Some commodities
(e.g., greenhouse, dairy) have higher levels of adoption.
Similar patterns have been noted across sub-sectors of the
manufacturing sector. For example, adoption of Industry
4.0 technologies in food and beverage manufacturing is
28 per cent, compared to 43 per cent in industrial goods
manufacturing (BDC, 2017). In our survey, crop producers
(36 per cent) were less likely to have adopted automation
and robotics technologies over the past 10 years than
livestock producers (44 per cent) (Figure 3).
Figure 3: Difference in adoption
between crop and livestock production

% adoption

44%

Automated steering (auto-steer)

14%

GIS mapping (e.g. soil mapping)

11%

Automated environmental controls
for animal housing

7%

Automated animal feeding

6%

Greenhouse automation

1%

Robotic milking

1%
0%

5%

10%

15%

20%

Unclear Whether Size or Age Influences Adoption
In considering possible factors that influence adoption, we
asked respondents about the number of employees and the age
of their farm operations. The average number of employees in
farms that reported adopting technology is 16, with a range of
0–144, while non-adopters have an average of nine employees,
with a range of 0–140 (Table 2).

37%

Table 2: Mean and median number of employees
% of sample

32%
81%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Livestock production

4

Crop production

25%

30%

The average age of farms that adopted technology is 44
years, with a range of 3–203 years while the average age
of non-adopters is 30 years, with a range of 1–200 years
(Table 3). To better understand the role of age and size as
a factor in adoption, we need to consider a less common
statistic: median. The median represents the ‘middle point’
of the sample; the number where equally as many farms
will be above and below the median. The median farm
age of adopters is 34 years and non-adopters is 20 years
(Table 3). The median number of employees for adopters is
four and for non-adopters it is three (Table 2). This means
that equally as many adopters have less than and more than
4 employees and equally as many non-adopters have less
than and more than three employees. It also tells us that
there is considerable variation in the number of employees
and age of the farms across our dataset. Such a high degree
of variation in our dataset has implications for the types
of statistical analysis we can do and the inferences we
can make.
Table 3: Mean and median age of farms

Figure 5: Have you adopted automation or
robotics technologies in the past 10 years?
(Niagara producers)
Yes
34%

No
66%

Reasons for and for not adopting
The top three reasons given for adopting automation and
robotics were related to productivity, efficiency, and costs.
Two-thirds of adopters identified increasing productivity as
one of their three top reasons for implementing automation
and robotics technologies (Figure 6). Figure 6 further
illustrates that more than half cited increasing production
efficiency (57 per cent) and reduced costs (56 per cent).

TOP 3 REASONS FOR ADOPTING
• Increase productivity
• Increase production/processing efficiency
• Reduce production costs
While size of the farm based on average and median number
of employees, and age of the operation appear to be linked
to adoption, the variation in size and age across the dataset,
combined with the properties of non-random samples,
complicate attempts to determine if these variables are
systematically related. Further statistical analyses are necessary
to determine if differences in mean or median number of
employees and/or the mean or median age are associated with
adoption of automation and robotics technologies. With that
said, the 2016 Census of Agriculture shows a link between size
of farm and adoption (based on farm receipts and acreage)
with larger farms investing more in technology (Statistics
Canada 2017).

Figure 6: What were the reasons for adopting
automation or robotics technology?
Increased productivity
57%

Reduce production costs

56%

Increase yields or
production output

Niagara represents 40 per cent of the curated dataset, with
70 respondents from Niagara postal codes (Figure 1). Of the
12 municipalities that make up the Niagara Region, all but three
are represented in the sample; there are no responses from
Niagara Falls, Welland, or Thorold. The level of adoption by
Niagara farms was 34 per cent (Figure 5), which is slightly lower
than the overall provincial level of 39 per cent (Figure 2).

46%

Improve quality

39%

Improve employee and/or livestock
health and safety
Improve environmental sustainability

Niagara Region makes a strong showing

67%

Increase production/
processing efficiency

Enhance reputation

33%
22%
15%

Increase market share

13%

Comply with regulations

13%

As indicated in Figure 7, 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).
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Adopters and non-adopters agree on role of
government support

TOP 3 REASONS FOR NOT ADOPTING
• High costs of acquisition
• Lack of relevant technology
• Insufficient return on investment
Figure 7: What were the reasons for not adopting
automation or robotics technology?
47%

High cost of acquisition
Lack of relevant technology

35%
34%

Insufficient return on investment (ROI)
28%

High cost of implementation
20%

Lack of government support or funding
Lack of suitable financing options

17%
14%
13%

No in-house expertise
Other—not appicable or wanted
Other—too small

12%

Lack of external R&D expertise and facilities
Wary of contract terms
Unfavorable acquisition terms
Other—misc
Organizational/cultural resistance
Unsuccessful implementation by
similar businesses

10%
5%
4%
3%
2%
2%
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Barriers to Adoption
Those who adopted technology were asked about the barriers they
had experienced during the implementation process. As illustrated
in Figure 8, 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).
TOP 3 BARRIERS TO ADOPTION
• Insufficient return on investment
• Lack of government support and funding
• Lack of in-house expertise to guide adoption process

When asked about the role of government in supporting the
uptake of automation and robotics technologies, adopter
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
(Figure 9). 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 nonadopters. Promoting established and proven technologies
was cited by 33 per cent of adopters and 35 per cent of
non-adopters. While 28 per cent of adopters and 35 per
cent of non-adopters identified promoting new technologies
directly to businesses as a key role for government. It appears
that promoting technology, whether established or new, is
considered by both adopters (61 per cent) and non-adopters
(70 per cent) to be a priority for government, which makes it
the second most frequently cited role for government, ahead
of providing research grants.
Figure 9: What is the role of government in supporting the
adoption of technology? Non-adopters vs. Adopters)
68%

Financial assistance

60%
54%

Provide research grants
Promote proven technologies

35%
33%

Promote new technologies
directly to businesses

35%
28%

Become main technology mediator

15%

Figure 8: What were the barriers to adopting or
implementing technology?
45%
36%
34%
27%

Lack of suitable financing options

23%

Increased costs of implementation

18%

Lack of information about relevant technology
7%

Cultural/organizational reasons
Complex legal issues (e.g. intellectual property)

5%

Lack of external research and technology
development expertise, resources, and facilities
Lack of organizational leadership

5%
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Adopters
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26%
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Non-adopters

Lack of government support or funding

80%

Respondents who had indicated that they had adopted
automation and robotics technologies over the past 10 years
were asked to identify which technologies. As shown in
Figure 10, the three most frequently adopted were: automated
machinery for seeding, spraying, fertilizing, and harvesting;
tracking technologies such as RFID, GIS, and GPS; and
automated process control sensors and systems. Automated
machinery for seeding, spraying, fertilizing, and harvesting
was the most frequently adopted technology, reported by
half of the respondents (Figure 10).

Figure 10: What automation or robotics technology
have you adopted in the past 10 years?
Automated machinery: seeding, spraying,
fertilizing, harvesting equipment

Dairy sector leads the way
50%

30%

Tracking technology (RFID, GIS, GPS, etc.)
Automated process control
sensors and systems

25%
23%

Feeding and watering systems for livestock

20%

Data and information management systems
Automated machinery: sizing, weighing,
sorting, conveying, grading, packaging

18%
17%

Livestock breeding & health tracking software

13%

Dairy robotics
Temperature monitoring and
regulating systems for food storage
Aerial drones for monitoring
erosion, crops, livestock, etc.
Irrigation systems (timers)
Wind machines and temperature
regulating systems for crops
Manure-removal machinery for barns,
coops, and animal enclosures
Advanced testing technologies

12%
12%
10%
8%
5%
5%
3%

Greenhouse robotics

3%

Crop breeding, development, tracking, and health software
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Most successful technologies adopted
Of the technologies adopted in the past 10 years, respondents were
asked to identify the most successful. The five most frequently cited
successful technologies were: automated machinery for seeding,
spraying, fertilizing, and harvesting (27 per cent); automated
machinery for sizing, weighing, sorting, conveying, grading, and
packaging (16 per cent); automated process control sensors and
systems (15 per cent); dairy robotics (11 per cent); and tracking
technology (10 per cent) (Figure 11). These five technologies
represent almost 80 per cent of the most successful ones adopted.
Figure 11: What was the most successful technology
adopted in the past 10 years?
Automated machinery: seeding, spraying,
fertilizing, harvesting equipment

27%

Automated machinery: sizing, weighing, sorting,
conveying, grading, packaging

16%

Automated process control
sensors and systems

15%
11%

Dairy robotics

10%

Tracking technology (RFID, GIS, GPS, etc.)

The prominence of dairy robotics as one of the top five most
successfully adopted technologies warrants further comment
(Figure 11). There are 15 dairy farms in the curated dataset,
which represents eight per cent of the total sample. The level of
technology adoption by dairy farms is 73 per cent (11 of the 15
farms), which far exceeds the overall provincial level of adoption
(39 per cent) or even the overall level of adoption reported
by respondents in the livestock sector (44 per cent). Dairy is a
supply-managed commodity, which raises questions about the
influence of Canada’s supply management system on innovation
capacity. While some critics contend that supply management
inhibits innovation, our findings cast doubt on this assertion.
Furthermore, we do not know if the two other supply-managed
commodities—eggs and poultry—also show higher rates of
innovation. This is because it is more difficult to segregate supplymanaged egg and poultry farms from our curated dataset, as
it is easier to produce eggs and chickens outside of the supply
management system than dairy. As such, we were unable to
distinguish supply-managed egg and chicken farms from nonsupply-managed operations in our dataset.

Farmers choose performance as key criteria
in the selection of technology
When asked to choose among cost, ease of use, and performance,
as illustrated in Figure 12, more than 50 per cent of survey
respondents cited performance as the key factor in choosing the
technology they identified as the most successful. While we did
not define performance in the survey, it is understood to be a
measure of functionality and utility. More simply, we assume that
in choosing a technology based on performance, the expectation
is that it will do a better job than what is currently being used to
accomplish the same task.
Figure 12: What was the main criteria for choosing technology?
Ease of use
21%

5%

Feeding and watering systems for livestock
Irrigation systems (timers)

3%

Data and information management systems

3%

Aerial drones for monitoring erosion,
crops, livestock, etc.

3%

Wind machines and temperature
regulating systems for crops

2%

Manure-removal machinery for barns,
coops, and animal enclosures

2%

Livestock breeding and
health tracking software

2%

Crop breeding, development,
tracking, and health software

2%

Performance
54%
Cost
25%
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Implementation and outcomes achieved
in less than two years

technology within 100 km of their farm (Figure 16). Sixty-five
per cent financed the acquisition in-house, while about 33 per
cent used a loan or line of credit (Figure 17). None reported using
a government R&D grant or repayable government loan as a
method of financing. Such a finding raises important questions
about awareness of and access to research and development
programs that are meant to support innovation in small and
medium business (e.g., Industrial Research Assistance Program or
Agriculture Adaptation Council) within the agriculture industry. This
is even more the case, given that the top two roles for government
identified by adopters and non-adopters were financial assistance
for adopting and implementing technology and providing
research grants to develop in-house technologies (Figure 9).

Most adopters (62 per cent) reported that it took less than
one year to implement the automation or robotics technology
(Figure 13), and more than half indicated that they achieved
outcomes in less than a year (Figure 14). This suggests that the
full adoption cycle from acquisition to outcomes was completed
in two years or less. While we did not ask adopters about return
on investment (ROI), we believe this timeframe from acquisition
to achieving outcomes could be related to ROI. Insufficient ROI
was cited by 45 per cent of adopters as a barrier (Figure 8) and by
34 per cent of non-adopters (Figure 7). Understanding/unpacking
ROI expectations of both adopters and non-adopters may be
important to improving rates of adoption.

Purchasing off the shelf within 100km of the farm strongly
suggests that producers are acquiring proven technology that
has been fully commercialized, scaled and is readily available
through their local retail market. We believe there may be a link
between this propensity to adopt proven technology and the
overwhelming preference for performance as the main criteria
in choosing a technology (Figure 12). It also raises a related
question about the role of research and technology development
in the adoption of automation and robotics technologies, which
will be further investigated through the interviews, focus groups
and site visits.

Most technology purchased off the shelf locally
with in-house financing
To better understand how adopters acquire technology, we asked
respondents to identify how their most successful technology
was acquired (Table 1). Overwhelmingly, 80 per cent of adopters
purchased the technology ‘off the shelf’, while about 18 per cent
said the technology was both purchased and developed in-house
(Figure 15). More than 60 per cent said they acquired the

Figure 14: How long did it take
Figureto
14.achieve
How long did
it take to achieve
outcomes?

13:long
How
didtoitimplement
take
FigureFigure
13. How
didlong
it take
to implement
technology?
technology?

outcomes?

>5 years
13%

>5 years 6%

Purchased & developed
in-house 18%

3–5 years 6%

3–5 years 2%

<1 year
62%

[CATEGORY
NAME]
[PERCENTAGE]

1–3 years
32%

<1 year
56%

Figure 17: How was the
technology financed?
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FIGURE 17. How was the technology ﬁnanced?

Figure 16: Was the technology
acquired locally?
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Figure 15: How was the
technology acquired?

Figure 15. How was the technology acquired?
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Perceptions about technology impacts and the
regional agriculture innovation system
In a series of 10 Likert-scale-style questions, respondents were
asked their opinions about the impacts of automation and
robotics technologies on their farms, the culture of innovation
of the agrifood sector, and the extent to which research capacity
and infrastructure in their region supported their efforts to adopt
new technology (Figures 18–27). The responses are analyzed with
the colour-coded graphics to illustrate their distribution.
While almost half of respondents (49 per cent) felt that
automation and robotics technology made their farms more
successful (Figure 18), only 28 per cent said that those technologies
were the main drivers of success (Figure 19). This positive
association between adopting robotics and automation technology
and business success could indicate that once farmers overcome
the initial barriers to adopting technology, they come to develop
or reinforce positive attitudes about how robotics and automation
technology could advance their business. There was no consensus
on whether experience was a good substitute for automation
and robotics technology, with 37 per cent neither agreeing nor
disagreeing, 32 per cent strongly disagreeing or disagreeing and 30
per cent agreeing or strongly agreeing (Figure 20). Respondents
were undecided about whether their most successful technology
was the most expensive (Figure 21) but were somewhat more
certain that the most successful technology they had adopted
had delivered all the desired results (Figure 22). Notwithstanding
the ambivalence in these responses, they further confirm farmers’
positive association between adopting robotics and automation
technology and the impacts on their farm operations. We can
infer that rather than regretting their initial decision to adopt
technology, such farmers’ experience with robotics and automation
technology seems to reinforce their positive attitudes. It would
seem, from a public policy standpoint, that one of the tasks of
government would be to help farmers who manifest cautious
or hesitant attitudes about technology adoption make those
initial leaps. Their positive experience may then increase their
future propensity to continue adopting robotics and automation
technology, potentially with less help from government.
When assessing the research capacity and infrastructure in their
regions, farmers were undecided (Figures 23–25). Only about 30
per cent agreed that there was a competent pool of researchers,
technology developers and research facilities in their region
(Figures 23, 24). Most respondents neither agreed nor disagreed
about whether there was a competent pool of researchers
and technology developers (40 per cent) (Figure 23); research
facilities (33 per cent) (Figure 24), or sufficient research resources
provided in their regions (43 per cent) (Figure 25).

Figure 18: Adopting automation or robotics technology has
made my farm more successful.

Figure 19: Automation and robotics technology are the main
drivers for the success of my farm.

Figure 20: Experience in farming is a good substitute for
automation and robotics technology.

Figure 21: Your most successful technology has been the most
expensive technology that you have adopted.

Figure 22: Your most successful technology has delivered
all the desired results.

Figure 23: The agrifood sector in my region has a competent
pool of researchers and technology developers.

Figure 24: The agrifood sector in my region has a competent
pool of research facilities.

Figure 25: Researchers, technology developers, and research facilities
do not provide enough resources for the agrifood sector in my region.
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This neutral response could be related to a lack of knowledge
about or awareness of the research resources available. More
respondents agreed and strongly agreed (41 per cent) than
disagreed and strongly disagreed (16 per cent) that there were
sufficient research resources being provided in their region
(Figure 25).
These responses raise several questions about the relationship
between the broader institutional architecture of regional
innovation systems and the farming community. First, could
this ambivalence in the responses be indicative of a general
lack of information about the activities of research centres and
technology providers located within their regions? Second, and
related to the first, could such a lack of information about these
activities also mean lack of awareness of potential or available
technologies to support farmers? Third, how could government
incentivize regional innovation systems to take more proactive
steps in helping farmers understand how to integrate technology
with existing systems and operations in their farms? These are
questions that need to be explored further for more conclusive
answers. The aim here is to highlight how policy and institutional
support systems could potentially position regional innovation
systems as platforms for addressing the seemingly perennial
problem of Ontario and Canadian farmers investing less in
technology adoption than their U.S. counterparts and thus
undermining their competitive position in global markets.
Two-thirds of farmers agreed that their region had many innovative
farmers (Figure 26), but they were less certain about the innovative
culture of the food processing sector (Figure 27). With almost half
of respondents answering neither agree nor disagree (42 per cent),
it may be that they are either not aware of, nor closely linked to
the food processors in their region (Figure 27).

Figure 26: The agrifood sector in my region has many
innovative farmers.

Figure 27: The agrifood sector in my region has many
innovative food processors.
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Conclusions
The level of adoption of automation and robotics technology
in our survey appears to be in line with other sectors of the
Canadian economy and higher than that reported in the 2016
Census of Agriculture. Yet, adoption is not a simple matter of
yes or no. It is a complex phenomenon where context plays
a key, but hazy role. Unpacking context is the objective of
upcoming phases of the project. The survey results presented
here raise some key questions that will guide our next steps
through interviews, focus groups and site visits.
Some of those key questions include:
• Is there a relationship between age and/or size of a farm
and technology adoption? What metrics for farm size
(e.g., # employees, farm receipts, acreage) are more closely
linked to adoption?
• Is there a link between the preference for purchasing off-theshelf technologies from a local dealer and using performance
as the main criteria for choosing a technology? Is it a way to
mitigate the risks associated with the adoption of advanced
technology? What does ‘performance’ mean to farmers?
• What is the role of researchers and developers in the
adoption of automation and robotics technology given
the preference of farmers for acquiring technology from
the retail market? What role do intermediaries play—
those stakeholders between technology developers and
technology adopters?
The agriculture sector generally approaches and supports
research and technology development through collective
strategies at the commodity level. Most commodity
organizations have ‘check-off’ programs applying levies that
farmers pay to fund research. The commodity organizations
identify the research priorities and fund projects from the
levies according to those priorities. This essentially makes
research and technology development demand-driven at a
grass-roots level. The research results are shared among the
farmer members of the commodity organization. Farmers
make independent business decisions as to the extent to
which they adopt the results of the research. Most publicly
funded agriculture research, such as that funded through
OMAFRA’s research programs, require industry support
in the form of cash and in-kind contributions. Requiring
industry support ensures that publicly funded research is
needs-driven and is aligned with priorities of the farmers,
for whom the research is being done.

Our survey did not specifically ask about advisory services, except
indirectly in the question about the role of government. The
majority of respondents to this question (both adopters and nonadopters) identified financial assistance as the key role; however,
more than a third of non-adopters indicated that the government
should also promote established and proven technologies
and should promote new technologies directly to businesses,
which could on some level be linked to advisory services. Has
the shift away from publicly delivered advisory services to a
more pluralistic model over the last 30 years had an impact
on the adoption of advanced technologies? Does the technical
complexity of current and emerging technologies create a need
for government to consider a greater role in providing advisory
services to support adoption?

These factors refer to the conditions that incentivize (or
disincentivize) farms to adopt new technologies to improve the
efficiency and productivity of their operations. The push and pull
factors of automation and robotics technology adoption in the
agriculture sector point to the fact that a dynamic and globally
competitive innovation system is not merely a function of the
amounts of money spent on research and development (R&D) but
also of understanding what best incentivizes as well as what holds
back technology adoption by farmers. Could regional innovation
systems comprising research centres and technology providers
within the same geographic space work more closely in partnership
with farmers to provide conduits for the facilitation of robotics and
automation technologies adoption in Ontario’s agriculture sector?
Is there a role for such regional innovation systems in Ontario to
help address the ambivalences or lack of awareness that farmers
expressed about the value proposition of technology adoption?
The next few phases of this research will explore just how such
regional innovation systems might be mobilized by government
and industry groups to help accelerate technology adoption from
the ground up in Ontario’s agriculture sector, in order to position it
for greater global competitiveness and productivity.

• Most technologies took less than two years to implement
and deliver outcomes. Yet, adopters reported that insufficient
return on investment is the top barrier to adoption. How do
farmers perceive ROI? Is there a difference in these perceptions
between adopters and non-adopters?

_________________________________________________

• What is the role of advisory services (often referred to as
extension services) in supporting the adoption of automation
and robotics technology? Who is providing advisory services
to Ontario’s agriculture sector? Where do farmers get advice
on adopting and implementing automation and robotics
technology?

• Dairy is a supply-managed commodity (eggs, poultry as well).
Does the higher level of adoption reported by the dairy sector
in our survey suggest that there is something about the supply
management system that supports technology adoption?
Some argue that supply management is a barrier to innovation.
Without diving into this debate, the findings of the research at
the very least cast doubt on this argument.
• To what extent are farmers/producers aware of the research
and technology development resources available in their
regions? Given that both adopters and non-adopters indicated
that a key role for government was to provide research grants
for in-house technology development, how can the linkages
between researchers/technology developers and farmers be
strengthened?
The rate of robotics and automation technology adoption is a
function of push and pull factors. The push factors are those
elements that determine the development and transfer of
technology by a constellation of laboratories, postsecondary
institutions, and research centres. However, equally significant
for the agrifood sector to manifest global competitiveness are
the pull factors of automation and robotics technology adoption.

1

Industry 4.0, what is generally considered to be the fourth industrial
revolution, has garnered wide-spread attention as a new paradigm that
will dramatically alter the long-standing business model. Industry 4.0 is
generally defined as comprising nine foundational technologies: additive
manufacturing, automation, advanced robotics, augmented reality,
big data and analytics, cloud computing, cyber security, horizontal
and vertical system integration, the industrial internet, and simulation
(BCG, 2017).

2

Due to the small sample size (n=15), agribusinesses (those involved
only in distribution/logistics, input supplies, primary and secondary
processing) were excluded from the curated dataset.

3

In particular, they measure the use of computers/laptops for farm
management; smartphones/tablets for farm management; automated
steering (auto-steer); GPS technology (e.g., tractor guidance); GIS
mapping (e.g., soil mapping); greenhouse automation (e.g., packing
and harvesting); robotic milking; automated environmental controls
for animal housing; automated animal feeding; and other technologies
(Statistics Canada Table: 32-10-0446-01 (formerly CANSIM 004-0243)).

4

What is unclear from the census data is the overall level adoption of
any automation and robotics technology by Ontario farms. The census
question asked respondents to select all answers that apply from a list of
technologies. The census data are reported as the number of operations
reporting use of each technology. Based on this data, we cannot
determine how many farms overall reported using technology.
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