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INTRODUCTION 

The Strategic Research Plan (SRP) for the Faculty of Agricultural and Environmental 
Sciences (AES) at McGill University is the result of a broad, thoughtful and engaged debate 
across the AES units. It captures the core areas of focus for the Faculty’s world-class 
research, but more than this, it defines fundamentally what the Faculty wants to be and do. 

Looking outwards, this SRP enables the AES to communicate its research priorities to key 
external stakeholders and audiences. By clearly defining the focus of the Faculty’s research 
and its intended impacts, this research plan makes the Faculty accountable to a broader 
stakeholder community.  

Looking inwards, this SRP provides a framework for aligning investment with Faculty 
priorities. It identifies AES priorities for major institutional infrastructure funding from the 
Canada Foundation for Innovation, and provides the contextual structure for submissions to 
programs of the tri-council funding agencies – the Natural Sciences and Engineering 
Research Council, the Canadian Institutes of Health Research, and the Social Sciences and 
Humanities Research Council. Our SRP also shapes how the Faculty links research with 
education in our undergraduate and graduate programs, as well as the community. The 
richness and complexity of the web of interrelations between research themes illustrated in 
the SRP will foster interdisciplinary interactions at multiple levels.  

 

The Structure of This Strategic Research Plan 

This SRP is structured around six distinct research themes: 

• Theme 1: Environment, Ecology and Sustainability 

• Theme 2: Water, Soil and Their Sustainable Management 

• Theme 3: Sustainable Crop and Livestock Production Systems 

• Theme 4: Safe, Nutritious and Secure Food Supply 

• Theme 5: Human Nutrition and One Health 

• Theme 6: Bioproducts, Biomaterials & Bioenergy 
 

The body of this SRP highlights each of these themes in turn, mapping each of them to the 
core academic disciplines that are associated with it, as well as areas of individual research 
excellence and multidisciplinary strengths that exist within and between themes.  

The six research themes in this SRP are a reflection of the Faculty’s core values and 
purpose. Consequently, the initial goal of this SRP is to express these core values and 
purpose, as defined in the Faculty’s vision and mission statements. The SRP highlights how 
AES pursues interdisciplinary solutions to meet the global challenges facing humanity and 
our planet. Additionally, the SRP features our Faculty’s increasingly sophisticated leveraging 
of big data analytics and artificial intelligence (AI) in tackling the global challenges facing 
humanity. Each of the six research themes is discussed with respect to its key research 
questions, research strengths and research highlights. The extensive web of linkages 
between research themes is examined by looking at how the themes connect the many 
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units of the AES. Underlying all research themes in the SRP is an urgent priority to translate 
our understanding of science into impactful stakeholder action. 

 

About McGill University and AES 

McGill University is a world-class research-intensive, student-centred university with an 
enduring sense of public purpose. It has a strong history of achievement, consistently 
ranking as one of the top universities in the world across a wide range of disciplines and 
subject areas. McGill’s vision compels AES to be thoughtful and committed to individual, 
disciplinary and multidisciplinary thematic research excellence, targeting the most pressing 
and complex challenges facing the environment, our natural resources and society in the 
21st century. 

AES is home to more than 95 tenured or tenure-track faculty members, and it is a 
multidisciplinary unit within McGill University, with five departments: 1) Animal Science, 2) 
Bioresource Engineering, 3) Food Science and Agricultural Chemistry, 4) Plant Science, 
and 5) Natural Resource Sciences. The Faculty features two schools – the School of Human 
Nutrition and the Bieler School of Environment – and one Institute, the Institute of 
Parasitology. The Faculty is also home to the Margaret A. Gilliam Institute for Global Food 
Security and to the Centre for Indigenous Peoples’ Nutrition and Environment. 

 

The Process of Developing this Strategic Plan 

Phase I of our strategic planning process began in winter 2018, with the assessment of our 
previous SRP (environmental scan) and the examination of our current focal research areas. 
The environmental scan, reflecting our successes, accomplishments and our limitations, 
was presented to all departments. A faculty retreat was organized in the summer of 2018 to 
identify new strategic research opportunities for the AES, and to define the expected key 
roles of our faculty in addressing some of society’s greatest challenges. 

Phase II of the process began in the fall of 2018, with subcommittees formed to articulate 
the goals and objectives of the research themes. In Phase III, the SRP was presented to 
diverse groups to seek input and feedback from beyond the subcommittees and the faculty 
to further develop a well-rounded plan.  
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VISION & MISSION 

At heart, this Strategic Research Plan (SRP) is an expression of who we are as a Faculty. It is 
a reflection of our purpose and our core values. It affirms our commitment to student 
learning, discovery and innovative research that addresses the grand challenges facing 
today’s society, including climate change, environmental pressures, food security, food 
safety, preventive nutrition, global health and sustainable production and growth. 

This SRP recognizes the importance of individual expertise, academic disciplines and 
interdisciplinary collaboration to reach our research ambitions and goals. It further 
recognizes the need to deepen fundamental research while increasing real-world impact 
through translation of existing science and technologies into applications and dissemination 
of findings to the public.   

 

The AES mission  

“Through our excellence in teaching and research, our international reach, and consistent 
with our motto of ‘Mastery for Service,’ the Faculty of Agricultural and Environmental 
Sciences strives to meet humanity’s needs for food, health and a flourishing natural 
environment by applying our interdisciplinary strengths to address these global 
challenges.”   

 

The AES vision 

“AES will remain a world-class center of academic excellence recognized for our 
contribution to the global grand challenges facing humanity and our environment, and for 
the exceptional quality of our student experience. We envision a future where AES 
contributes directly to the effective exchange of knowledge among academia, the private 
sector, government and the public for deploying effective solutions to anthropogenic global 
warming and climate change, as well as to food security and food safety. Ultimately, we 
envision a world in which all of humanity has access to a dependable supply of safe and 
nutritious food and services from flourishing managed and natural ecosystems.” 
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INTERDISCIPLINARY SOLUTIONS TO GLOBAL CHALLENGES 

The Faculty’s six research themes bring interdisciplinary teams together and provide them 
with the opportunity to strive collectively on the most pressing challenges of both local and 
global significance in an integrative manner. Embedded in this SRP is the pursuit of answers 
to fundamental questions facing humanity as we grapple with our impact on this planet: 

• How can we reduce, mitigate and adapt to human-induced environmental global 
changes? 

• How are these environmental changes impacting living organisms, wildlife, plants, 
the welfare of animals and the health of humans? 

• How can we ensure nutritional security and human health in the face of climate 
change? 

• How can we accurately measure the impact of our technologies and industrial 
operations on our environment? 

• How can we help our agriculture and industry to be more sustainable?  

• How can we abate the contaminants we are releasing into our soil and water? 

• How can we navigate the multifaceted dangers of population growth (migration, 
pollution, ethics and environment)? 

 

  



 

6 | P a g e  
 

 

 

  

RESEARCH 
THEMES 



 

7 | P a g e  
 

Theme 1. Environment, Ecology and Sustainability 

Environmental and ecological research at AES focuses on the Earth’s 
physical and biotic environments and how these environments interact with 
human activities and impact human health. This theme focuses on the study 
of the structure, function and dynamics of living organisms (microbes, fungi, 
plants, animals) in their habitats, the terrestrial and aquatic ecosystems that 
support all life, and the landscapes and regions that sustain livelihoods. This 
theme also studies the interactions between components of ecosystems at 
all scales and across scales, with a view towards sustainable and resilient 
management of diverse social-ecological systems. 
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Figure 1: Mapping Research Theme 1 - Environment, Ecology and Sustainability 

Each keyword is indicated by coloured dots that represent the researchers (Principal Investigators, PIs).  
Lines depict the links between keywords through the research areas defined by PIs. 

Applied ecology, which we define as ecological research that is focused on real-world 
questions, and often related to environmental management, is a central focus of this 
research theme. Applied ecology at the AES ranges from the smallest (microbes, insects) to 
the largest organisms; from deep in the soil to the atmosphere; from small-scale farming to 
management of whole biomes; and from pristine natural environments to engineered 
systems. The AES has been a leader in promoting an approach to applied ecology that is 
integrated across disciplines, processes and scales. Much of AES’ current research in this 
area is at the interface of human and natural systems with the goal of reconciling multiple, 
often competing, land and water use objectives (e.g., forestry, food production, energy 
production, resource extraction, biodiversity conservation).  

Linking applied ecology to the decision-making process for effective problem-solving 
requires that ecological studies are complemented by building a better understanding of the 
social, economic, political and institutional systems affecting the human relationship with 
the biosphere. Here, the AES is at the forefront of “translational ecology,” working directly 
with decision-makers and other stakeholders to pursue research questions, while ensuring 
that the answers are effectively translated into policy and programming. 

Theme 1 is well placed to address some of the most pressing environmental and ecological 
challenges facing our country and our planet. 

The first challenge is the need to understand global, regional and local environmental 
systems and their interactions across scales. Increasingly rapid global changes – climate, 
technology, population, consumption and increased urbanization – affect ecosystems and 
their sustainability at all scales.  

The second research challenge being pursued under Theme 1 is the need to understand and 
address the feedbacks between social and ecological components of ecosystems.  
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Finally, AES researchers are at the forefront of work to understand how societies can adapt 
to and mitigate impacts of global change on biodiversity, ecosystem function, ecosystem 
services and livelihoods. 

The questions that guide this theme are: 

I. How does environmental change influence biological diversity, ecosystem 
processes and services, human society and health? 

II. How can we maintain biodiversity and ecological functions in the face of 
environmental change? 

III. How can we develop new approaches to resource management, based on scientific 
and social inquiry that will support sustainable, resilient and healthy social-
ecological systems? 

Research strengths supporting this theme: 

A. Ecotoxicology, wildlife ecology, microbiology / microbial ecology / plant-microbe-
soil interactions, environmental genomics, dynamic coupling of social and 
environmental models, sustainable natural resource management (e.g., forestry), 
policy and governance, arctic and northern research and resource systems, 
community-engaged approaches to service science, translational ecology, 
interdisciplinary social-ecological science (e.g., agricultural economics / ecological 
economics). 

B. Environmental measures that cut across disciplines; big data from molecular to 
global scale; interdisciplinary approaches (e.g., natural, biomedical, social sciences 
together). 

C. Researchers at Macdonald Campus study northern and arctic systems from a 
combination of scientific, social and health perspectives. McGill’s approach to 
northern research emphasizes university-community partnerships dedicated to the 
interdisciplinary study of northern landscapes, community well-being, and 
environmental sustainability. McGill researchers focus on a diverse, interrelated set 
of issues, from infectious and zoonotic disease, entomology, mental health, housing, 
indigenous food systems and food security, through to arctic contaminants, the 
cryosphere, wildlife and microbial ecology, biogeochemical cycles, climate change 
and sustainable mining.  

Examples of research areas: 

Identifying, quantifying and understanding positive and negative impacts of global 
change (including examples of direct human impacts), particularly with regard to 
biodiversity. This includes developing strategies to predict the environmental and social 
impacts of new technologies, developing methods to use natural capital and ecosystem 
services as tools for assessing sustainability, and for measuring natural capital and 
ecosystem services. Other research priorities include (a) developing a data system for 
environmental economics accounting (and natural capital) and operationalizing 
transdisciplinary notions (such as One Health or Planetary Health) to yield scientific tools 
and (b)establishing a research centre for the co-design of research with stakeholders to 
promote the dissemination and knowledge transfer to the public, policy-makers and 
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industry (across scales) and ultimately improve ecosystem health and sustainability, while 
safeguarding a good quality of life. 

Optimally exploiting emerging technology and big data modelling and forecasting for 
human and environmental health. Much like the statistical data collected about industrial 
products (timber, agri-food business, etc.), this objective takes advantage of “big data” 
opportunities to collect nationally harmonized information about the state of all ecosystem 
services. An example would be the creation of a national ecological services observatory. 

Developing advanced field and laboratory approaches to study multiple stressors and 
cumulative impacts on wildlife and microbial ecology. Wildlife and microbiology 
researchers at Macdonald Campus span genomics, transcriptomics, physiomics, chemical 
tracers, contaminant burdens and satellite tracking to assess individuals and populations 
with respect to key drivers of biodiversity loss, climate change, habitat loss, invasive species, 
pollution and overexploitation. 

Developing and applying interdisciplinary and multisectoral approaches to addressing 
threats posed by toxic pollutants to human and ecosystem health. The Faculty is uniquely 
positioned nationally and globally to facilitate discourse and research in this area. Our 
natural scientists develop novel testing methods, our life sciences experts characterize 
molecular- to organismal- to population-level impacts, and our social scientists study 
regulatory and stakeholder dimensions, economic implications, etc. 

Providing new insights into polar microbial biodiversity and ecology. This expands our 
knowledge of the cold temperature limits of microbial life on Earth, elucidates the effects of 
global warming on permafrost ecosystems and how global warming may cause increased 
GHG emissions from the Arctic. Ground-breaking “omics,” single cell microbiology and 
innovative culturing techniques allow discovering novel micro-organisms and genomic 
resources, some with potential biotechnology applications (such as new antibiotics). Finally, 
polar microbial ecosystems are significant astrobiology analogues, especially in terms of 
understanding and detecting microbial life in extremely cold habitats. 

  



 

11 | P a g e  
 

Theme 2. WATER, SOIL AND THEIR SUSTAINABLE MANAGEMENT 

Theme 2 recognizes the importance of conserving and managing soil and 
water, two fundamental components of sustainable land-use systems, in a 
changing global environment. Sustainable management of soil and water is 
required to support agricultural production, natural ecosystems worldwide, 
and the well-being of human beings and our planet. Managing soil and water 
sustainability requires integrated knowledge of functions, quality and use. 
This theme emphasizes soil and water management in controlled 
environments, at the local, field and watershed scales. 
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Figure 2: Mapping Research Theme 2 – Water, Soil and Their Sustainable Management 

Each keyword is indicated by coloured dots that represent the researchers (Principal Investigators, PIs). 
Lines depict the links between keywords through the research areas defined by PIs. 

 

Conservation and sustainable management of soil and water resources is critical for our 
collective future. In the face of relentless population growth soil and water resources must 
be conserved. Sustainable agroecosystems are needed that are highly efficient in using 
water, nutrients and energy to produce high-quality, nutritious food for the world’s 
population. 

Holistic management practices that meet societal and cultural standards must be identified. 
Improvements in agricultural productivity that align with environmental and societal goals 
will involve the integration of circular economy principles with soil and water conservation. 
A variety of solutions for reducing agriculture’s impact on the world’s climate are being 
considered, such as alternative approaches based on diversified agriculture practices that 
include indigenous knowledge.  

How soil and water respond to natural and anthropogenic factors is an increasingly 
important issue. Global changes are producing an unprecedented level of stress to 
agricultural and natural ecosystems, leading to rapid shifts in soil and hydrological functions. 
There is an urgent need to evaluate how climate change may be exacerbating other natural 
and anthropogenic factors that affect the resilience and productivity of soil ecosystems and 
their supporting hydrological processes. 

Management of agroecosystems and natural environments must concentrate on mitigation 
and adaptation to ongoing climate change. This requires policies for land use that are ethical 
and effective in sustaining soil ecosystem services and regulation functions. This research 
theme addresses the need to secure safe, clean water for human use and to ensure that 
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watersheds are managed in a way that does not compromise the integrity and health of 
aquatic systems. 

Soil and water systems are increasingly exposed to pollutants, including pesticides, 
hormones, antibiotics, microplastics and emerging compounds, which may have 
unexpected consequences on the health of soil and aquatic environments. As such, 
abatement of conventional and emerging contaminants in soil and water is a perennially 
important issue. This research theme is researching methods of detection, quantification 
and mathematical modelling to describe the fate, transformation and transport of 
contaminants.  

Remediation of affected soil and water systems requires creative approaches that include 
physical, chemical and biological interventions. Microbiota present in soil and water 
systems may prove to be helpful or harmful to humans, and information about their 
functions and evolutionary phylogeny will direct management efforts. This research is also 
revealing the composition of soil- and water-supportive microbiomes, while reducing the 
spread of undesirable traits such as antibiotic resistance in soil and water systems. 

Key questions to be addressed include: 

I. What are the most pressing fundamental and applied inquiries in soil ecology and 
water resources in managed and natural systems that are of greatest consequence 
to humanity? 

II. How do agricultural management practices and climatic change affect soil 
functions, water use and quality? 

III. How can we better understand the integrated relationships between soils and 
water? 

IV. What is the best decision-support mechanism to implement best management 
solutions for soil and water resources? 

V. How can we identify and manage risks associated with future soil and water 
management systems? 

Research strengths supporting this theme: 

A. Water microbiome, arctic microbiome including permafrost, animal microbiome, 
microbial controls on carbon and nutrient dynamics.  

B. Next-generation sequencing platform (MiSeq), bioreactor systems, polymerase chain 
reaction machines, capacity for physiological and metabolic profiling with isotope 
analysis, an anaerobic chamber, and full operational space for culturing and 
sequencing library preparations. 

C. The AES BioGeoSpatial Technologies group has developed an array of tools to enhance 
the understanding and management of spatial soil heterogeneity at field scale, 
obtaining real-time spatiotemporal data representing the dynamics of soil and water 
properties, including physical, chemical and biological attributes.  
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Examples of research areas: 

Harmonizing production and environmental impacts of agriculture. Precision agriculture 
science is a transdisciplinary area of research that relies on emerging technologies to 
improve the efficiency of modern crop production and livestock management systems, 
while reducing their negative effects on the environment. This research focuses on the 
development of new soil, plant and animal sensing technologies, the integration of multiple 
spatial and temporal data sources to enhance farm management, and the implementation of 
automated solutions to increase farm efficiency. Resource optimization resulting from 
precision agriculture includes increased livestock and crop yields, improving food quality, 
increased profitability and sustainability of farms, and improved climate adaptability of 
farmland.  

The challenge of achieving sustainable watersheds. Watersheds around the world are 
facing increasingly complex water crises. Effective and sustainable responses to these 
threats require a transition to more integrated and adaptive forms of water resource 
planning, management and governance. For the last quarter century, there has been an 
emerging acceptance and use of integrated water resource management (IWRM) across 
the water sector. Adaptive Management (AM) is an important extension of the IWRM 
approach since it offers a structured and reliable response to situations where uncertainty 
exists. Still more work is needed to facilitate the transition to more participatory, integrated 
and adaptive approaches to water resource management in the face of increasing 
complexity and uncertainty. 

Leveraging microbes to improve soil and water management. Recent advances in deep 
sequencing have described microbial assemblages, their evolutionary phylogenies and their 
functions in soil and water systems. Understanding the role of resident microbes and their 
responses to management will provide biological solutions to increase nitrogen fixation, 
increase carbon sequestration, promote biocontrol and prevent disease-causing pathogens 
and parasites from harming plants and animals, and promote bioremediation. Overall, this 
will improve the resilience of soil and water systems under stress due to global 
environmental changes.  

Promoting a healthy soil for a changing environment. Research is increasing our 
understanding of the complex interactions of the soil matrix, microbial communities and 
land-use practices that govern soil biogeochemistry and how these interactions are altered 
by global change factors (increasing temperature and atmospheric CO2, precipitation 
changes). Emerging research areas include: the coupled biogeochemical cycles (e.g., 
dissolved carbon-phosphorus-iron rather than isolated element cycles), identifying the 
microbial community and metabolic processes that drive multiple element cycles and their 
interactions with soil minerals and plant roots, and determining how the agronomic 
environment and climate modulate mineral-microbial-elemental interactions. With this 
knowledge, we will be able to identify leverage points in the Canadian agroecosystems that 
can be manipulated to enhance productivity, climate change adaptation and ecosystem 
services of concern, as well as improve global predictions of carbon, nutrient and 
contaminant fluxes.  
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The challenge of feeding a growing population. Global demand for food and fibre 
production will continue to increase to meet the needs of the world’s population. Lessons 
from indigenous stewardship practices and traditional knowledge of the land may help 
Canadian society to appreciate its responsibilities for the land. This, in turn, will promote 
diversified practices for efficient management, use and conservation of soil and water 
resources. This approach promises to increase community engagement and awareness of 
food and fibre production systems. Novel agricultural production systems will be based on 
harmonized combinations of indoor and outdoor production of resources optimized for a 
given climatic scenario.   
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Theme 3. SUSTAINABLE CROP AND LIVESTOCK PRODUCTION SYSTEMS 
Theme 3 addresses the scientific information required for the development 
of sustainable plant and animal production systems in the context of a 
changing environment, characterized by climate change, population growth, 
increased urbanization and changes in consumer values and demands. The 
overarching objective of this research theme is to meet the world’s need for 
sufficient and high-quality foods in a new context, which includes 
recognition of the impact of food choices on the environment, concerns 
about land and water use impacts and animal welfare, awareness of food-
health relationships, and consumer preferences.  
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Figure 3: Mapping Research Theme 3 - Sustainable Crop and Livestock Production Systems 

Each keyword is indicated by coloured dots that represent the researchers (Principal Investigators, 
PIs).  

Lines depict the links between keywords through the research areas defined by PIs. 

There have been tremendous increases in our understanding of how plant and livestock 
production affects the environment. The contribution of crop and animal production on soil 
erosion, greenhouse gas emissions, and freshwater levels and quality is well documented. In 
addition, climate change, antimicrobial resistance and population growth put considerable 
additional stress on crop and livestock production systems. 

Strategies to address these stresses and limitations need to be aligned with changing 
consumer expectations. Sustainability must not only consider production levels and the 
impact of production systems on the environment, but also the quality of the products and 
ethical issues. Indeed, consumers are now more aware than ever of relationships between 
the consumption of crop and animal products and their health, and are demanding a 
reduction of the global impact of agricultural production on the environment. 

Concepts such as carbon footprint, animal welfare and better food distribution must now 
be considered in the development of truly sustainable crop and livestock production 
systems. Innovative production strategies of the future will not only be better adapted to our 
changing environment but will also be part of efforts to mitigate climate change and ensure 
the consumption of healthy foods. 

In order to achieve more sustainable crop and livestock production systems we must 
integrate knowledge from conventional and emerging approaches. Conventional 
approaches include field management strategies such as adaptation of seeding dates, 
establishment of fertilizer needs, traditional breeding and development of new varieties 
better adapted to changing biotic and abiotic factors, adaptation of production strategies, 
selective animal breeding, assisted reproductive technologies, genomic selection, 
phenotype-based culling methods, and ration formulation. Conventional approaches to 
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production must also integrate socioeconomic considerations such as scale of farm 
enterprises, access to financial support programs, and level of production intensity.  

Emerging approaches include omics technologies, genome editing, precision technologies 
and big data analytics for smart agriculture. Other innovative approaches must be 
considered, such as the exploitation of the plant and animal microbiota to reduce the use of 
inputs such as fertilizers, pesticides, antimicrobials and hormones. 

Specific research challenges being pursued under this theme include: using new 
technologies (e.g., CRISPR/Cas, molecular-biology-based breeding methods) combined 
with traditional methods to develop improved crop varieties and livestock strains for 
nutritional needs and human health; improving traditional crop and animal production 
methods, and the development of new technologies to create low-input systems which are 
economically, socially and environmentally viable; and leveraging big data analytics to 
develop smart farming systems and enhance understanding of the fundamental 
mechanisms of plants and animals. 

The research questions addressed by this theme: 

I. How can we sustainably produce low-input, affordable, accessible and high-quality 
livestock and crop products, while protecting biodiversity and resiliency of 
agriculture?  

II. What are the fundamental technologies, tools and methods needed to collect, 
monitor and record complex mega-data from diverse sources? How can we 
integrate them to address fundamental and applied questions in animal and crop 
production? 

III. What are consumer and societal perceptions of agriculture systems and how can 
they be integrated into novel food production systems to address population growth 
and climate change? 

Research strengths supporting this theme: 

A. The Eastern Canadian Plant Phenotyping Platform, which is currently being 
established, integrates field phenomics capabilities into a robust plant phenomics 
system, creating a platform that is uniquely capable of translating innovation from 
the laboratory to the field and vice versa. 

B. On-campus field, farm and engineering research facilities, including the R. Howard 
Webster Centre, the Emile A. Lods Agronomy Research Centre and the 
Horticulture Research Centre, make AES unique among North American 
agricultural faculties. These exceptional on-campus agricultural production facilities 
provide researchers and students easy access for experimentation and allow our 
researchers to not only perform research in the same environment as producers, 
but also to inform them (and the public) about the next phase in food production, 
aided by the Macdonald Farm Community Engagement Centre. 

C. Cross-disciplinary collaboration among animal, plant, microbiology, agricultural 
engineering and environmental experts allowing for a “complete solution” that 
overcomes traditional silos. 

D. The applied nature of many research programs led by our researchers provides 
access to various funding programs that have an industry-targeted goal. They also 
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allow for the implementation of prototype research with industry consultants and 
experts from producers’ groups and companies. 

Examples of research areas: 

Leveraging precision animal production. Sensor technology and automated management 
systems (e.g., automated milking systems) provide information on individual animals 
(production, health, welfare). The combination of information from other sources (e.g., feed-
composition tables, weather), application modules (e.g., milk-recording management tools, 
veterinary-health, farm-economics software) and distributed data sources using cloud 
information (benchmarking data for similar herds, long-term trends in parameters, genetic 
evaluations for the population, omics information, etc.), provides a platform for the 
development of machine-learning modules by domain experts. These modules can not only 
be used to provide real-time advice to producers and their advisors, but also to develop 
macro models for the future direction of the industry.   

Enhancing crop resilience with phytomicrobiome signals. The phytomicrobiome has been 
demonstrated to aid the plant by helping to mobilize nutrients in the soil, fix nitrogen from 
the air, and produce signal compounds that regulate aspects of plant physiology such as 
stress responses. Microbe-to-plant signals help plants deal with abiotic stresses, such as 
drought, high temperature and salinity, making the agricultural sector more climate change 
resilient. This research aims to identify and commercialize novel phytomicrobiome signals 
that are important for crop production. 

Improving welfare and behaviour of animals in food production. While freedom of 
movement is viewed by the general public as one of the most important living conditions 
that should be provided to farm animals, indoor confinement and restriction of movement 
are the realities of domestic livestock. Research in this area aims to characterize and 
develop conditions that maximize locomotor activity (cage-free, free-stall, etc.) to improve 
the health and welfare of animals. This research program will contribute to the 
enhancement of animal care through an increased understanding of the animals’ 
behavioural needs. The potential social impact is considerable, as the research will directly 
link to societal concerns regarding restriction of movement in captive and domestic animals.  

Adapting crop cultivars to the changing climate and sustainable crop management 
practices. Crop genetic diversity and genome complexity is explored using genomics, 
metabolomics, proteomics, phenomics and bioinformatics in order to facilitate efforts to 
diversify and improve agronomically important traits (e.g., yield, composition, disease 
resistance, heat tolerance) in a context of a changing environment and the need for 
increased food production. This will result in the development of novel crop varieties 
adapted to Eastern Canada; food crops that are more resistant to various pathogens; 
improved crop production systems that will enhance crop tolerance to extreme 
environmental conditions.  

Applying CRISPR/Cas technology to reduce boar taint. Boar taint refers to the unpleasant 
taste and odor associated with the meat of non-castrated male pigs. Producers use 
castration to avoid boar taint in pork, but this procedure is undesirable due to risk of 
infection and welfare issues. Also, castration removes production of other steroid hormones 
from testes, which are important for feed efficiency and lean meat yield. Thus, editing the 
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genes encoding the androstenone enzymes to reduce its production while maintaining 
normal production of the sex steroids in uncastrated male pigs. This procedure offers both 
sustainable pork production and high animal welfare.  
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Theme 4. SAFE, NUTRITIOUS AND SECURE FOOD SUPPLY FROM FARM TO 

FORK 

Research Theme 4 focuses on supporting the production of safe, nutritious 
and healthy food. This theme pursues food security through the 
development of new approaches, processes and systems that can 
effectively address both emerging and traditional food processing 
challenges, microbiological and chemical food safety concerns, and needs 
for new or improved food functionalities. Research under this theme 
connects agriculture, food production and human health from a global 
perspective. This theme will generate data that can drive evidence-based 
food policy and development of technologies and methods for food 
authentication. 
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Figure 4: Mapping Research Theme 4 - Safe, Nutritious and Secure Food Supply 

Each keyword is indicated by coloured dots that represent the researchers (Principal Investigators, PIs).  
Lines depict the links between keywords through the research areas defined by PIs. 

 

The entire food system is a unified infrastructure comprising ecological, economic and 
social dimensions. To feed a growing world population, we need to sustainably deliver 
nutrients more effectively by understanding the impact of food processing (including 
minimal processing) on nutritional health (nutrients and antinutrients) and food safety 
(pathogens, carcinogens and other food toxicants). Crucial to these goals is the need to 
develop methods to effectively prevent food spoilage, including novel processing, natural 
antimicrobials, and intelligent and environmentally neutral packaging.  

To achieve these goals smart technologies need to be integrated from farm to fork. The 
integration of robotics, AI and big data will improve all aspects of the food production chain, 
as well as improve industry’s capacity to predict food safety risks.  

The use of integrative computational approaches for large dataset analysis can result in 
dramatic effects on food production via in silico modelling of various scenarios and contexts. 
This allows for better understanding of resource use and prediction of targeted outcomes 
for different food systems. Such approaches can lead to more efficient production systems 
to produce foods with targeted health and nutritional needs (precision foods for precision 
nutrition). 

Food system innovations require an understanding of the functionality and characteristics 
of foods during their processing, which is presently based on the macroscale knowledge of 
food materials. The properties of foods at various scales contribute significantly to their 
behaviour during handling, processing, storage and consumption. These properties can be 
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studied via the omics techniques – genomics, metabolomics, proteomics, foodomics, 
biomateriomics – in order to acquire systemic understanding of food materials for the 
precise development of innovative food products that will be healthy for humans, the planet 
and the economy. 

Development of novel biocatalytic approaches to produce large amounts of well-targeted 
bioactive functional ingredients and nutraceutical molecules provides a major avenue of 
innovation for the agri-food industry, while providing an opportunity to improve population 
health. These novel bioactive and techno-functional ingredients can be derived from the 
valorization of residue biomass and are assessed for their biofunctional properties using 
high-throughput in vitro assays. We will move away from the linear, extractive exploitation of 
agricultural production capacity, and instead adopt a model of circular flow of biological 
resources. 

Building advanced profiling of chemicals in complex food matrices is emerging as an area 
of significant interest, driven by rising concerns about the presence of toxicants in foods 
and their effects on human health. Current advances are using sophisticated state of the art 
chromatography and mass spectrometry to build advanced profiling of chemicals in 
complex food matrices. These profiles can then be tested for their toxicological properties 
via simulated digestion models combined with cellular/tissue toxicity evaluation systems. A 
significant amount of food is recalled and destroyed as a result of false positive results 
during testing for foodborne pathogens. More specific tests are needed to decrease the 
amount of contaminated food at retail, with less recalled food in Canada. More specific, 
sensitive and rapid tests for foodborne pathogens will also result in faster food recalls during 
an outbreak, reducing the duration of foodborne outbreaks and the number of illnesses per 
outbreak. Innovative processing technologies (plasma, electric fields, etc.) will be 
standardized for use in industry to further ensure food safety.   

It is also paramount to consider and educate the consumer by: understanding consumer 
trends, addressing misinformation (with clearer definitions for the public), addressing the 
social aspects of food safety and food security (including food justice and access to food), 
and better publicizing of relevant information and knowledge. 

The theme addresses questions of: 

I. How can we better deliver safe, high-quality and health-promoting foods?  
II. How can we secure the food supply in the face of pressing global challenges? 

III. How can we contribute to the creation of a transformational food future? 
IV. How can food policy and food authenticity shape our food?  

Research strengths supporting this theme: 
AES concentrates high-calibre expertise in the food domain, including food processing, food 
microbiology, food chemistry, precision food/nutrition, gut health, and food authenticity.  

Overall, McGill’s unique strength to address the production of safe, nutritious and healthy 
food throughout the entire food supply lies in the available faculty expertise that spans a) 
on-farm plant and animal production, b) post-harvest technologies, food processing and 
manufacturing, and food packaging, c) omics approaches at the macro- and micromolecular 
levels for the identification and quantification of food-quality attributes, pathogens, food 
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toxicants and thermally induced chemicals, d) new bio-based processes and bioproducts 
for consumer foods, and e) nutrition, functional foods, nutraceuticals and health.  

In addition, expertise in the area of the environment provides a unique opportunity to foster 
inter-disciplinary teams that can deal with the challenge of meeting society’s needs for a 
safe, healthy, nutritious, affordable food supply, while at the same time meeting the 
requirements for sustainability, the environment, energy and climate change. 

Examples of research areas: 

Optimizing food quality. Development of novel food processing technologies that minimize 
toxicant formation, maximize food quality (nutrient dense), extend shelf-life (to minimize 
losses) and ensure food safety (minimizing food pathogens). These technologies will ensure 
food safety and food quality. 

Novel nutritional detection methods. Development of in silico and in vitro high-throughput 
methodologies/technologies enables to assess health-promoting effects of food and food 
ingredients without using animal models. These technologies will be applied to the 
development of health-promoting food ingredients and functional foods, and exploration of 
new sources of food ingredients (residue biomass, algal sources, etc.). This will accelerate 
the process of discovery while potentially developing technologies with significant 
commercial value.  

Ensuring the consumption of safe foods. Development of analytical methodologies for 
ensuring food authenticity and food safety. The focus is on the concept of “multidimensional 
fingerprinting” using responses from two or more instruments to authenticate food. State-
of-the-art analytical core facilities will help to identify the characteristic and 
multidimensional fingerprints of each food ingredient and develop searchable databases. 
Novel analytical tools will be used for rapid toxicity testing and profiling in various foods, 
helping integrate assessment of chemical risks to obtain a clear risk-benefit analysis of 
current and new foods, with the aim to prevent fraud, adulteration and discovery of 
contaminants, and promote international trade and food safety while allowing for better risk 
management by industries and regulatory bodies. 

Leveraging techniques for rapid microbial testing. The use of whole genome sequencing 
and omics techniques is transformative, as it allows for the simultaneous combination of 
bacterial detection, serotyping and subtyping in a single assay without the need to obtain a 
pure bacterial colony, something that is not currently possible. This will greatly streamline 
the diagnostic process of foodborne outbreaks, reducing their duration and the number of 
people affected.  
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Theme 5. HUMAN NUTRITION AND ONE HEALTH 

By facing challenges related to health and well-being while considering 
environmental impacts, Research Theme 5 aims to benefit individuals, 
communities, economic systems of food production and society as a whole. 
The industries that are impacted by the research conducted on Human 
Nutrition and One Health include the food and nutrition industry, 
pharmaceutical and animal health companies, institutions which care for or 
service large numbers of people (hospitals, schools, airlines, etc.), farmers 
producing animal products and international aid groups. 
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Figure 5: Mapping Research Theme 5 - Human Nutrition and One Health 

Each keyword is indicated by coloured dots that represent the researchers (Principal Investigators, PIs).  
Lines depict the links between keywords through the research areas defined by PIs. 

 “One Health” is a multidisciplinary collaborative approach to solving global and 
environmental health challenges. First coined in 2007, this concept has now been widely 
adopted across multiple disciplines and policy bodies focused on health care for humans, 
animals and the environment. 

The One Health approach involves understanding optimal nutrition in health and disease, 
the quality and safety of nutrition, the control of zoonoses (diseases that can spread 
between animals and humans, such as parasitic infections, influenza, E. coli infection), and 
food, vector and environmentally transmitted pathogens (such as Cryptosporidia, malaria, 
Toxoplasma, gastrointestinal roundworms). It also means combatting antibiotic resistance, 
when pathogens such as parasites, bacteria and fungi develop drug resistance after 
exposure to antibiotics. Consequently, there is a need to search for new therapies and for 
new technologies for diagnosing infections and drug resistance with high specificity and 
sensitivity. 

One Health also encompasses the protection and improvement of human and animal 
health and well-being. Areas of research include the requirements for optimal nutrition, 
prevention of disease, therapeutic strategies for a healthy immune system and healthy 
living, as well as health challenges that encompass food security, disease prevention, eating 
behaviours and dissemination of knowledge, education and empowerment in relevant social 
contexts. Poor nutrition underscores diabetes, obesity, cancer, cardiovascular, kidney and 
metabolic disorders, autoimmune conditions and infectious diseases caused by parasitic, 
bacterial, viral and fungal infections. 

Health and nutrient utilization are profoundly affected by all of the organisms that live in and 
with us, including our parasites and microbiome. One Health recognizes that the challenges 
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for promoting optimal nutrition and freedom from infectious diseases are different between 
urban settings in developed countries and rural settings in developing countries.  

Theme 5 investigators have strong research programs addressing One Health priorities. 
Investigators are exploring new approaches, including nutrigenomic variation, personalized 
and precision nutrition and health, and the consequences of mass drug administration 
programs for infectious diseases. Another strong focus of this theme relates to pathogens 
that have both a direct impact on health and indirect and profound effects on nutrition by 
impairing food production and nutrient utilization, and modulating the immune system. The 
prevention and control of pathogens, which cause disease in humans and animals, depends 
on good nutrition, a competent immune system, environmental hygiene and effective drugs, 
vaccines and diagnostics.  

The questions that guide this theme are: 

I. What is optimal nutrition for health promotion and disease prevention?  
II. How will climate change affect parasite and vector-born disease and the global 

spread of pathogens? 
III. What are the interactions between nutrition, the microbiome, infection and health? 
IV. What advanced systems biology approaches will identify omics profiles 

characteristic of healthy and diseased states that will inform intervention strategies 
to promote optimal health in developed and developing countries? 

Research strengths supporting this theme: 

A. Complementarity of molecular expertise: biochemistry, big data analysis, genomics, 
metabolomics, pathobiology, global health, immunology, pharmacology, 
microbiome, drug resistance in pathogens. 

B. Faculty, University and Quebec platforms: cellular and subcellular imaging, clinical 
biochemistry, mass spectroscopy, Genomics Centre, Bioinformatics Centre, big 
data analysis. 

Examples of research areas: 

Promoting healthy growth, development and aging. Evidence exists that poor nutrition is 
the primary risk factor for major human pathologies, including cancer, diabetes, 
cardiovascular and neurodegenerative diseases, but that optimal nutrition contributes to 
both overall health and a healthy microbiome. Biosystems approaches using omics 
platforms are currently emerging as important investigative approaches to identify and 
distinguish healthy “omics” profiles from those associated with microbial dysbiosis, 
infections and disease, and for biomarker discovery needed for precision nutrition. 
Promoting health through precision nutrition will require a better understanding of the 
complexity of responses during health and disease. Understanding the differences in the 
“omics” signatures that underlie variations in the success of nutritional interventions is 
essential if we are to develop point-of-care devices that can extract real-time health status 
information in both developed and developing countries. 

Leveraging multi-omics for improved health. Exploiting the critical mass of researchers 
working on parasite models, we employ an integrative research approach that exploits 
proteomics, metabolomics, big data, and machine learning strategies to elucidate 
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fundamental biological systems and identify novel drug targets or unique metabolites 
released by the intestinal helminth parasite which can be used to treat illnesses such as 
Crohn’s or ulcerative colitis. These platforms are also being leveraged for metabolic profiling 
systems in the context of host, parasite and microbiome interactions. Capitalizing on the 
wealth of genome databases, we are using computational tools to annotate the pathways 
and biological processes of uncharacterized genes in parasite genomes. Integrating these 
tools into a streamlined framework provides a resource for advancing systems biology 
knowledge across a wide range of organisms. 

Promoting health through research in nutrition and exercise sciences. Nutrition and 
physical activity behaviours work synergistically. Therefore, researching how biological, 
physical and social environments empower, initiate and maintain healthy life habits are 
important components of health and will remain an important component of interventions 
into the future. Promotion of successful nutrition-exercise interventions throughout life 
requires advancing our understanding of both muscle preservation and metabolism using 
metabolic trials and multi-omics platforms. Development of a nutrition and exercise 
behavioural research group, affiliated with the Mary Emily Clinical Nutrition Unit, is 
important for developing effective clinical interventions and for advanced clinical 
internships. 

The challenge of drug resistance in infectious pathogens. Drugs have saved countless 
human lives, and increased food production from animals. However, pathogens have 
developed resistance to these drugs. Alternative approaches such as discovering new drugs 
and vaccines are important but remain challenging. There is also the need to detect drug 
resistance quickly and reliably. If we can understand the mechanisms of drug resistance, 
strategies can be devised to get around the resistance. Strong research programs in the 
Faculty are tackling drug resistance in malaria, gastrointestinal and tissue parasites, and 
foodborne bacteria. These research programs produce new tools for resistance diagnosis, 
identifying novel targets for combatting pathogens and improving our knowledge of the 
mechanisms of resistance.  
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Theme 6. BIOPRODUCTS, BIOMATERIALS & BIOENERGY  

Bioproducts, biomaterials and bioenergy are foundational components of 
the bioeconomy. Herein, bioproducts refers to consumer and industrial 
goods manufactured from biomaterials, which are substances of biological 
origin. Likewise, bioenergy refers to energy derived from biological activity, 
either directly (e.g., microbial fuel cells) or indirectly (e.g., oxidation of 
biomaterials), excluding sources that are non-renewable on human 
timescales, such as fossil hydrocarbons.  
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Figure 6: Mapping Research Theme 6 - Bioproducts, Biomaterials & Bioenergy 

Each keyword is indicated by coloured dots that represent the researchers (Principal Investigators, PIs).  
Lines depict the links between keywords through the research areas defined by PIs. 

Research in biomaterials, bioproducts, bioprocessing and bioenergy is necessary to 
advance the shift to a bioeconomy. We must accomplish this shift to address pressing global 
challenges such as climate change, greenhouse gas reduction, water pollution, renewable 
energy supply, food security and safety. 

This research theme is focused on three broad research areas: 

First, the creation of new biomaterials requires new industrial processes with minimum 
environmental impact that not only provide economic benefits, but also align with 
consumer expectations. Such processes include the isolation of high-value chemicals from 
biomass, as in the extraction of nutraceuticals from food processing waste, the conversion 
of biomass to valuable materials, as in mechano-chemistry or the pyrolysis of biomass to 
generate biochar, or developing multifunctional green composites from biological materials 
using advanced manufacturing technologies. Further, the transformation of biomaterials 
into novel bioproducts requires advances in design tools (e.g., multiscale computational 
modelling) and manufacturing technology (e.g., additive manufacturing and laser-based 
digital manufacturing).  

Second, this research theme is developing biomaterials and bioproducts that are 
biomimetic, with micro / nano-structures inspired by natural materials (e.g., lightweight 
cellular materials and structures) that impart multifunctionality as well as functional and 
structural stability. With rapid advancements in the areas of synthetic biology, processing 
and manufacturing technologies can be biomimetic, as exemplified by metabolic 
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engineering for the production of biofertilizers and bioactive molecules. Useful chemicals 
might be identified in nature by biomining.   

And third, to increase the overall sustainability of these processes, this research theme is 
focused on deriving process energy from renewable and possibly biological sources. 
Advances are therefore required both in the use of residual energy in biomass (e.g., 
gasification of bioresiduals or capture of thermal energy from composting) and in the 
production and combustion of biomass (or refined biofuels) explicitly for energy (e.g., 
ethanol production from corn or biodiesel production from algae), while strategies are 
sought for reducing energy consumption in bioconversion processes. Such research will 
diversify mainstream energy portfolios, while benefiting small or off-grid applications. 

These exciting areas of research promise more efficient use of material and energy 
resources. To ensure that these new materials, products and processes are indeed 
environmentally friendly, or “benign by design,” their impacts on humans and on the broader 
ecosystem must be evaluated. New evaluation tools are required commensurate with the 
advancement of materials, products and processes to allow faster decision-making about 
safety and adoptability. Long-term social, economic and environmental impacts must be 
assessed and compared with those of existing alternatives. 

The research required to shift Canada towards a bioeconomy can be accomplished only 
through inter-disciplinary collaboration. Theme 6 recognizes the importance of integrating 
knowledge about ecosystem processes with advanced processing, manufacturing and 
computational methods to generate biomaterials, bioproducts and bioenergy in an 
environmentally sustainable manner. 

The questions that guide this theme are: 

I. How can the understanding of complex ecosystems and intricate microstructures 
within biological materials stimulate and support the discovery, development and 
generation of advanced bioproducts, biomaterials and bioenergy sources? 

II. What are the fundamental technologies, tools and methods needed for the 
sustainable production, manufacturing or conversion of bioproducts, biomaterials 
and bioenergy? 

III. How can we use renewable biological feedstock for the production, manufacturing 
and conversion of biomaterials, bioproducts and bioenergy? 

IV. What are the fundamental technologies, tools and methods needed to integrate 
biomaterials, bioproducts and bioenergy into the circular economy? 

Research strengths supporting this theme: 

A. Bio-inspired material design (bio-based polymers, biocomposites, nano-
biocomposites, architected cellular solids); advanced manufacturing technology 
(3D printing); computational multiscale modelling. 

B. Food and agriculture applications; breeding, selection and management of crops for 
specific uses (e.g., bioenergy feedstock, biochemical production).  

C. Ecosystem characterization, design and management. 
D. Biomass conversion; biochemical extraction; enzymatic production of biochemicals; 

energy from biomass.   
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Examples of research areas: 

Developing novel assessment techniques. The development of new tools and methods to 
enable faster, cost-effective and predictive risk assessment, life-cycle assessment, and 
assessment of the structural integrity of chemicals and biomaterials. 

Designing standards for bioenergy recovery. The development or improvement of 
guidelines and professional standards for systems to recover energy from biomass. 
Examples of such systems include thermal energy recovery from composting, small-scale 
off-grid anaerobic digesters, and conversion processes such as gasification, combustion 
and pyrolysis incorporating advanced energy materials. Impacts include reduced fossil fuel 
consumption and greenhouse gas emissions.  

Developing bio-based materials and manufacturing processes. Adapt and develop 
sustainable manufacturing technologies for fabricating optimized biomaterials based on 
design motifs inspired by biological materials. Impacts include reduction of resource 
consumption and fossil fuel use by developing durable, lightweight, bio-inspired materials.  
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STRENGTHENING LINKAGES AMONG RESEARCH THEMES 

The six research themes at the heart of this SRP have been designed as inherently collaborative and 
interdisciplinary. It is expected and intended that these research themes will catalyze the development of 
novel connections and continue to expand existing linkages.  

Cutting Across the AES’ Units 

The Faculty of Agricultural and Environmental Sciences (AES) is a multidisciplinary unit within McGill 
University. The Faculty’s six research themes cut across the Faculty’s eight units, as illustrated in Table 1 
below. 

Table 1: The Faculty’s six research themes cut across the Faculty’s eight units 

Units Theme 1 Theme 2 Theme 3 Theme 4 Theme 5 Theme 6 
Plant Science       

Animal Science       
Food Science and 

Agricultural Chemistry 
      

Natural Resource 
Sciences 

      

Bioresource Engineering       
School of Human 

Nutrition 
      

Institute of Parasitology       
McGill School of 

Environment 
      

Leading units are in red. 
 
Cross-Cutting Research Themes 

There are strong linkages woven among the Faculty’s six research themes. These linkages involve areas of 
research that contribute directly to multiple themes, as well as researchers who contribute to more than 
one research theme. The highly interconnected nature of this SRP’s research themes is illustrated in Figure 
7 on the following page. The dense interconnections within research themes are evident, but what is equally 
notable is the extent of the interconnections between themes. 

Highlights of the linkages between research themes include: 

• Theme 1 (Environment, Ecology and Sustainability) builds directly on the work of Theme 2 (Water, 
Soil and their Sustainable Management). Theme 2 is fundamental to the study of sustainable land 
systems, with this theme directly informing the work being undertaken in Theme 1 on the larger 
environment and its management.  

• Theme 2 is strongly aligned with Theme 3 (Sustainable Crop and Livestock Production Systems). 
Theme 3 is focusing on modern production systems, with agricultural production highly dependent 
on the quality and resilience of arable land.  

• The work of Theme 3 on novel food production systems feeds directly into Theme 1’s work on 
sustainable approaches to ecosystem management. 
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Figure 7: Mapping research linkages among research themes 

Each dot represents one researcher (principal Investigator, PI).  
Lines depict the links between research themes through the research areas of PIs 

 

• Strong research links exist between Theme 4 (Safe, Nutritious and Secure Food Supply) and Theme 
5 (Human Nutrition and One Health), with both sharing the common objective of contributing to the 
production of safe and high-quality food that will simultaneously promote health and satisfy 
changing consumer needs and expectations. Both themes are leveraging multi-omics to develop 
precision health foods. 

• Theme 6 (Bioproducts, Biomaterials & Bioenergy) overlaps heavily with Theme 2 with regards to 
closing the carbon biogeochemical cycle and controlling global environmental change. 

• Theme 6 links extensively with Theme 3 in areas including the use of metabolic engineering and 
synthetic biology for the production of bioactive molecules/drugs; the use of biomolecules to 
replace synthetic antibiotics and antimicrobial agents for infection control in farms; and the 
development of high-throughput screening platforms for faster screening and identification of 
bioactives. 
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