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The Environmental Sustainability (ES) Synthe
The Ontario Agri-Food
Innovation Alliance is an
innovative governmentuniversity collaboration
delivering high-quality, highimpact research results that
strengthen Ontario’s agri-food
and rural sectors and improve
the health and prosperity of the
province’s citizens and
environment.
Environmental Sustainability (ES)
is one of eight research themes
funded by the Alliance,
supporting research that ensures
the sustainability of Ontario’s
agricultural and agri-food
sectors, promoting
environmental health while
maintaining profitability. The
goal of this synthesis was to
capture information about the
impacts of ongoing and
completed ES research projects
and their interrelationship at a
farm scale.
Taken together, this project
documents a dedicated and
comprehensive research effort
by the Alliance to increase the
environmental sustainability of
Ontario’s agri-food industry.
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Introduction

B

iodiversity is a measure of the
variety of life in an ecosystem.
Greater biodiversity indicates a healthy
ecosystem that can sustain a wide
range of life. The presence of certain
species is also important. Organisms
that play a role in nutrient cycling ensure
nutrients are available in an assortment
of forms, and help keep water and
air clean. Due to the vast amount of
land used in agricultural production,
agriculture plays a significant role
in promoting biodiversity. On-farm
biodiversity keeps soil healthy and
helps crops grow.

The Ontario Agri-Food Innovation
Alliance supports research and
knowledge mobilization to help
producers reduce environmental
impacts and promote biodiversity
through evidence-informed policies,
programs, practices including
BMPs, incentives, and new tools
and technologies. The research
projects in this report document the
Alliance’s support for sustainability and
profitability of Ontario’s agri-food sector
and rural communities.

Human activities cause many threats
to local species in the environment.
Over-spraying of pesticides,
pesticide runoff into water sources,
introduction of invasive species and
the under-utilization of agricultural
best management practices (BMPs)
can all contribute to ecosystem
damage. Ecosystems across Ontario
also continue to experience stress
from invasive plant species that can
compete with native plants for nutrients
and land. Finding innovative ways to
mitigate these threats and protect local
biodiversity is essential for long-term
agricultural sustainability.
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competitive agri-food sector is
built on a sustainable environment.
From farm to fork, every step in food
production has an impact on the
environment. Research supported
through the Ontario Agri-Food
Innovation Alliance’s Environmental
Sustainability research theme is helping
maintain and enhance our natural
resources, while also ensuring that our
agri-food sector remains sustainable
and profitable. As we look forward
to our renewed partnership with the
Ontario Ministry of Agriculture, Food
and Rural Affairs, it is important to
also look back at what our researchers
have accomplished over the past eight
years: creating online tools to improve
sustainable agricultural operations;
developing technologies and models
that help address nutrient runoff
from farms; influencing government
and commodity group policies with
evidence-informed research; and
training 149 skilled students to meet
the changing demands of the agrifood sector. Research supported by
the Alliance is helping farmers and
agri-business deal with some of the
most pressing challenges of our time,
including climate change, nutrient
transport and biodiversity conservation.
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This project represents the first effort
to tell the story of how individual
research projects are contributing to the
sustainability of both our environment
and our agri-food sector. Even as
each project increases our knowledge,
the entire program illustrates the
interconnectedness of the research at
the farm level and how that research
helps us understand the influence of
agricultural drivers on our environmental
systems.
Bill Van Heyst
PhD, P.Eng.
Environmental Sustainability Theme
Research Program Director, 2011–2018
University of Guelph

L

ong-term sustainability and
profitability of the agri-food sector
is increasingly dependent on the
preservation of the productive capacity
of natural resources. Stewardship
of these resources is essential for
capitalizing on growth opportunities and
protecting agricultural land for future
generations. The Ontario Agri-Food
Innovation Alliance provides a unique
capacity to address the agri-food
sector’s research and innovation needs
and agri-environmental issues to drive
long-term sustainability for the sector.
OMAFRA’s environmental sustainability
research theme has supported research
at the University of Guelph to maintain
the ability of our natural resources to
support and strengthen agricultural,
food and bioproduct sectors and rural
communities. Over the last 10 years,
OMAFRA invested $7.4 million in
70 agri-environmental sustainability
research projects through the Alliance.
Research has focused on important
environmental issues to encourage
nutrient management best practices,
enhanced biodiversity and reduction
of greenhouse gas emissions from
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the sector. These research projects
are yielding exciting new knowledge,
innovative technologies, partnerships
and new production systems, and
contributing to the training of the next
generation of trained personnel for the
sector. It is essential that this research
be shared in formats that are widely
accessible to farmers, agri-businesses
and other partners across the province,
providing evidence to guide decisionmaking related to agricultural lands
and to inform adoption of innovation
and best practices on the landscape.
This synthesis report is another step
toward this goal. Through the recent
renewal of the Alliance, we look forward
to continued collaboration with the
University to further strengthen our
partnership and the outcomes achieved.
Colleen Fitzgerald-Hubble
Environmental Sustainability Theme
Director Champion
Ontario Ministry of Agriculture,
Food and Rural Affairs
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Promoting Farm Biodiversity

A farm-scale view of res
research theme

Biodiversity is a measure of the
variety of life in an ecosystem. It
includes the life forms we can see, as
well as microscopic plants and
animals. Given the amount of land
used by farming, agriculture has an
important role in protecting water
quality, supporting soil health and
promoting biodiversity. On-farm
biodiversity can help to cycle
nutrients, reduce runoff, increase
crop yields and support the
ecosystems in the surrounding
environment.
The Ontario Agri-Food Innovation
Alliance supports research that
identifies the environmental impacts
of agricultural operations, develops
evidence-informed best
management practices and informs
opportunities with partners to
protect Ontario’s biodiversity both
on- and off-farm.
Taken together, these projects
inform producers to enable
decision-making to protect local
biodiversity, enhance
productivity and contribute to
a healthier environment.

Monitoring Neonicotinoids
in Groundwater to
Inform Understanding
Researcher: Jana Levison

Guiding groundwater protection by
identifying how neonicotinoid
pesticides are dispersed off-farm

Promoting Soil Microbe Biodiversity for
Healthier Soils
Researcher: Kari Dunfield

Informing soil health improvements using cover
crops and managing crop residues to understand
functionality of soil microbial communities

search supported by the Ontario Agri-Food Innovation Alliance, Environmental Sustainability

Assessing the Risk of Pesticides and
Pharmaceuticals for Healthier Environments
Researcher: Paul Sibley

Evaluated agricultural practices to assess environmental risks by
investigating crops grown in biosolid-amended soil; informing water quality
regulations by reviewing the effect of neonicotinoid pesticides on
aquatic insects

Assessing the Invasiveness of
Agricultural Species for Containment
Researcher: Jonathan Newman

Informing invasive turf and biofuel grass containment
and reducing impacts on local ecosystems by studying
how escaped grasses affect surrounding biodiversity

Characterizing risks
of pharmaceuticals in
biosolid-amended soils
Researcher: Paul Sibley
Problem Addressed

Project Findings

Research helps understand how
chemicals applied in agricultural
practices impact the environment.
Triclosan is an antimicrobial commonly
found in personal care products such
as anti-bacterial soaps. Due to its
widespread use, triclosan appears in
municipal biosolids (organic matter
removed from sewage and applied to
crops). Biosolids are applied to field
crops, and concerns have been raised
about whether triclosan can be taken
up and accumulate in crops, particularly
the edible portions of the plants.

Prof. Paul Sibley, School of
Environmental Sciences, investigated
whether and how crops take up
triclosan when biosolids are applied
to fields, and whether there is a risk
to humans eating vegetables grown in
biosolid-amended soil. He found very
little triclosan in the tested vegetables.
When biosolids were applied, there was
no negative response in plant health,
the size or number of vegetables, or in
the soil fungi that help crops grow.

Prof. Sibley found very little triclosan
in the tested vegetables.

Other personal care products found in
biosolids were assessed in a modelling
study based on published literature.
These products had extremely low
concentrations in the plants and
were found to pose negligible risk.
However, when the study looked at
concentrations of the products in plants
from wastewater irrigation (a practice
that is uncommon in Canada), biosolids
and manure application, they found
wastewater presented a possible risk.
These data provide producers
and policy-makers with important
information about what nutrient sources
are safe to apply to crops.
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Assessing the risk of
neonicotinoid pesticides
Researcher: Paul Sibley

Problem Addressed

Project Findings

Neonicotinoid insecticides (neonics)
are a class of pesticide widely used in
Ontario agriculture as a seed coating
and foliar spray. Neonics cost less and
are less labour-intensive than other
insecticide sprays, they can protect
crops against a range of pests, and
they are less toxic to mammals and
birds than other pesticides. Because
of their extensive use and resistance
to degradation, neonics have become
more prevalent in the environment.
This research addresses questions that
have been raised about the effects of
neonics on non-target organisms in the
environment such as aquatic insects.

Prof. Paul Sibley, School of
Environmental Sciences, conducted
a project assessing the impacts of
different neonics on aquatic insects.
A review of both acute (effects of
short-term, high-concentration
exposure) and chronic toxicity data
(effects of long-term exposure) on
non-target aquatic organisms was
completed. The acute and chronic
toxicity data showed that proposed
federal water quality regulations are
conservative for what is considered
safe but completion of chronic testing
must occur before any final conclusions
can be drawn. This project is the single
largest, simultaneous aquatic toxicity
assessment of all six main types of
neonics.

Monitoring Neonicotinoids
in Groundwater to
Inform Understanding
Researcher: Jana Levison

Guiding
groundwater
protection by
Biodiversity — Summary
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Monitoring pesticides
in groundwater
Researcher: Jana Levison

Problem Addressed
Agriculture uses groundwater for crops,
livestock and processing. Ontario data
on the fate, concentration and transport
of neonicotinoid pesticides (neonics)
in groundwater is not yet available. For
a better understanding of the impact
of neonics if they move off-farm,
additional data is required to determine
whether these pesticides can travel to
groundwater sources.

Project Findings
Prof. Jana Levison, School of
Engineering, is looking to close this
knowledge gap by using field studies
and farmer surveys to determine
whether neonics can infiltrate
groundwater. A survey to determine
the frequency and type of neonic use
in Ontario found three types of neonics
are primarily used: two are widespread
(clothianidin and thiamethoxam),

and the other is used less frequently
(imidacloprid). These neonics are
typically used as corn, soybean and
cereal seed coatings. Neonicotinoid
concentrations peaked in groundwater
in late summer and early autumn.
Based on 226 groundwater samples,
the maximum concentrations of all
neonics were lower than what is
considered harmful to pollinators and
aquatic invertebrates. As these neonics
are phased out of use in Ontario, they
could be less likely to affect provincial
groundwater resources in the future.
The data from this project can provide
stakeholders with more information on
how neonics may disperse and where
problems may exist, so that appropriate
response measures can be taken.
These results can also be used to
develop groundwater protection policies
and could be considered in future
evaluations of policies to reduce the
use of neonicotinoids.

Ontario Ministry of Agriculture, Food,
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Assessing the invasiveness
of agricultural species
Researcher: Jonathan Newman

Problem Addressed
Invasive alien plant species are nonnative to Ontario, arriving through
human distribution and then spreading
into the wild. Invasive plants cost
the Canadian agriculture sector $2.2
billion every year in production losses
and control measures. Many of these
invasive species are well known,
such as common buckthorn and
Miscanthus grasses, and numerous
programs across Ontario promote
their removal. But little is known about
how agricultural grasses spread and
impact local species when they begin
to grow off-farm. Studying these
invasive species can provide a better
understanding of their impacts on local
ecosystems and provide new solutions
for their containment.

Project Findings
Prof. Jonathan Newman, former dean
of the College of Biological Science,
examined the invasiveness of turf,
forage and biofuel grasses. The turf
and forage grass project assessed the
impact of endophyte-infected (beneficial
fungi) grasses in a natural ecosystem
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with a focus on tall fescue, meadow
fescue and perennial ryegrass species.
Contrary to popular belief, grasses with
endophytes were less invasive and
were more diverse in invaded areas
than grasses without endophytes.
This may indicate that enhancing
turfgrasses with endophytes may be
ecologically sustainable. Invasiveness
was more reliant on the grass species,
with invasiveness decreasing from tall
fescue to meadow fescue to perennial
ryegrass, which was not invasive.
These data are of particular interest to
turfgrass managers.
The biofuel grass project is establishing
how escaped Miscanthus behaves.
This project began in 2011 and trials
are still operating. The field trials
show escaped Miscanthus altered the
seed bank (the natural seed storage
in the soil) and biodiversity of the
area. Surveys to determine whether
Miscanthus had already escaped
from farms found several established
populations that will be surveyed again
in the future to see if the biofuel grass
persists. The information gathered from
these projects helps seed producers
and growers learn about the invasive
potential of their products.
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Promoting soil microbial diversity
Researcher: Kari Dunfield

Problem Addressed
Promoting biodiversity on the farm
does not always involve avoiding
certain practices or products, but rather
adopting practices and crops that
support the soil ecology in the field.
A diverse soil microbial community is
important for good soil health, helping
cycle nutrients like nitrogen, protecting
crops against pathogens and creating
useful organic matter that adds to soil
structure (the arrangement of different
parts of the soil). However, how certain
practices or crops alter the composition
and size of microbial communities is
largely unknown.

Project Findings
Prof. Kari Dunfield, School of
Environmental Sciences, is investigating
how cover crops affect soil microbial
populations. Preliminary data indicate
that cover crops shift the populations
of different microbe species but do
not increase the total soil microbe
population. Certain cover crops likely
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have specific bacteria and fungi
associated with them. Early findings
suggest that soil microbial communities
in plots with cover crops differ from nocover crop plots, but it is still not clear
whether these changes are transient
or represent permanent shifts to the
community.
Dunfield’s lab studies genes involved
in nitrogen metabolism that are
needed for nutrient cycling. Certain
genes can indicate how much of the
greenhouse gas nitrous oxide may
be produced. In a project studying
microbial populations in perennial
biofuel systems, Dunfield found different
grasses altered the composition of the
microbial population. Not fertilizing and
returning some biomass to the field
after harvest increased activity of the
nosZ gene — responsible for converting
nitrous oxide into nitrogen gas. This
finding may indicate that certain
practices can impact the amount of
greenhouse gas (GHG) produced by
the local microbe populations, helping
inform best management practices that
ensure optimal nitrogen use efficiency.

Ontario Ministry of
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