
Transitioning extensive green roofs to crop 

production for enhanced urban agriculture

Marney Isaac

with Adriano Roberto, Andres Rolhauser and Scott MacIvor

Department of Physical and Environmental Sciences &

Global Development Studies, University of Toronto Scarborough

Department of Geography, University of Toronto

marney.isaac@utoronto.ca



Axes of 

investigation and 

research approach

Conceptual model 

for enhanced crop 

growth on extensive 

green roofs

Research 

trials on green 

roof modules

Community engaged 

research for urban 

agriculture



We study plant-soil interactions, nutrient cycles 

and ecosystem function in diversified 

agroecosystems, and the social processes that 

lead to system transitions

Functional, taxonomic and genetic diversity

Integrative Agroecology Lab

IntercroppingAgroforestry Organic agriculture Green roofs





Plant functional traits

The physiological, morphological, and chemical 

characteristics of plants and plant organs



Isaac et al. (2021) Frontiers in Sustainable Food Systems
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Photo source: blogTO

In 2009, the City of Toronto enacted 

the Green Roof bylaw.

Between 2010 and 2017, 

approximately 420 green roof 

permits were issued in Toronto.



The Design of Living Infrastructure for 

Ecosystem Services (DesignLIFES)





A model for green roof research that integrates (i) modern trait–environment 

theory and (ii) facilitation ecology in a refined stress-gradient hypothesis 

originally developed in other stressful environments

Rolhauser et al. (2023) Ecological Solutions and Evidence



Rolhauser et al. (2023) Ecological Solutions and Evidence
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Nurse-Protégé relationships

• To assess which portion of the stress gradient will favour positive 

nurse–protégé interactions on green roofs.

– Nurses may increase protégé beneficial traits under high stress, but this 

performance may be significantly lower compared to a situation with both low 

stress and low competition.

• To predict under which environmental conditions facilitation 

enhances ecosystem services.

– The yield of protégé under relatively high stress with a nurse plant compared to 

the yield of isolated plants without nurses in more benign conditions. 

• To determine whether crop production in a stress-plus-nurse 

environment is feasible or whether resources need to be added.

– Associated environmental and economic costs need be evaluated.
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Green roof testing facilities

• Extensive green roof modules with bean (Phaseolus vulgaris) 

monocropped or intercropped with Sedum in an additive design, 

plus a high crop diversity treatment. 

• 2 watering levels (reduced: 12-35% substrate moisture; high: > 35% 

substrate moisture). 

• 9 functional traits: 

– leaf economic traits (photosynthesis (Asat), μmol CO2 m-2 s-1; Specific Leaf Area 

(SLA), mm2 mg-1)

– leaf hydraulic traits (water use efficiency (WUE), mmol CO2 mol-1 H2O); 

chlorophyll fluorescence (Fv / Fm))

– crop performance traits (biomass, g; height, cm) 

– root traits (root diameter, mm; Specific Root Length, SRL, m g-1)
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Towards Sustainable Agriculture in 

Canadian Cities

Interconnected themes: 

• 1) restore environmental conditions for 

annual and perennial crop production in 

urban and peri-urban environments and 

green roofs; 

• 2) measure and model GHG emissions 

and C sequestration in these systems;

• 3) develop crop breeding programs and 

biofertilizers that are specific to urban 

and green roof production; and 

• 4) improve public-private arrangements 

to advance the adoption and 

implementation of low-GHG urban and 

peri-urban agriculture and green roofs, 

particularly on underutilized sites and 

within low-income communities.
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