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1.3: Assessment of Substrate Depth and Composition on Green Roof Plant 
Performance 
 
Author 
Dr. Bradley Rowe received his Ph.D. in Horticultural Science from North Carolina State 
University and joined the faculty at Michigan State University in 1997. He directs the 
MSU green roof research program, serves as chair of the Green Roofs for Healthy 
Cities Research Committee, and teaches several courses at MSU in Landscape 
Horticulture. 
 
Contact 
rowed@msu.edu 
 
Session Summary 
This paper reports the findings of two separate but related studies on substrate and 
plant performance in green roof systems. Because of building weight restrictions, 
identifying a lightweight yet persistent substrate and a minimum substrate depth 
capable of sustaining plant health are important in promoting the use of green roof 
technology. Therefore, studies were conducted to 1) determine how selected taxa 
perform when grown in various substrate depths and 2) to determine selected taxa 
performance in substrates composed of increasing levels of heat expanded slate 
(PermaTill).  In the first study, 25 Crassulacean species were grown on roof platforms at 
substrate depths of 2.5, 5.0, and 7.5 cm.  Plant diversity and absolute cover in the 2.5 
cm depth plots was lower than at the 5.0 and 7.5 cm depths, however, there was no 
statistical difference overall between the 5.0 and 7.5 cm plots. By the end of year three, 
only 6, 8, and 8 taxa of the original 25 taxa were still present in the 2.5, 5.0, and 7.5 
depths, respectively. Individual species behavior depended on substrate depth.  For 
example, Phedimus spurius ‘Lenigrad White’ was more abundant in the 5.0 and 7.5 cm 
depths. In contrast, S. album ‘Bella d’Inverno’ was most abundant in the shallowest 
plots. In the second study, five planting substrate compositions containing 60, 70, 80, 
90, and 100% of heat-expanded slate were used to evaluate the establishment, growth, 
and survival of two Sedum spp. and six taxa native to Michigan over a period of three 
years.  Expanded slate content had little affect on plant mortality or visual ratings.  
Neither, Sedum middendorffianum  ‘Diffusum’ nor Sedum ‘Royal Pink’ were affected by 
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the percentage of expanded slate except at the 100% level.  Results suggest that 
moderately high levels of expanded slate (up to 80%) can be incorporated into the 
growing substrate without sacrificing plant health of Sedum spp.  At the same time, this 
may reduce both the load placed on buildings and potential contaminate discharge of N, 
P, and other nutrients in stormwater runoff.  
 
1.3: Green Roofs for Biodiversity: Reconciling Aesthetics with Ecology 
 
Author 
Dr. Nigel Dunnett is Senior Lecturer in the Department of Landscape, University of 
Sheffield.  He is author of ‘Planting Green Roofs and Living Walls’ (Timber Press) and 
‘Rain Gardens’ (Timber Press), and teaches, researches and practices the use of plants 
on and around built structures. 
 
Contact 
n.dunnett@sheffield.ac.uk 
 
Session Summary 
The promotion of green roofs for their wider value for biodiversity has received great 
attention recently.   Indeed, in a number of European cities, the main driver for 
implementation of green roofs is their habitat value, particularly where development on the 
ground is destroying or threatening protected or rare wildlife sites.  A particular approach 
has developed that has lead to certain types of green roofs being referred to as ‘biodiversity 
roofs’, and a set of rules has emerged (closely related to concepts of restoration ecology) 
that typify an approach that is good for biodiversity. This paper reviews some of these rules 
or assumptions, using the latest scientific evidence, and evaluates their direct application to 
the green roof context.  Specific aspects covered include: the use of native plant species 
only (assumed to be better fitted than non-natives to regional climates, and to support a 
wider range of other life than non-native plants); the use of locally-characteristic plant 
communities (assumed to provide local distinctiveness, and again because such 
communities are better fitted to local conditions); the use of local-provenance material and 
local ecotypes (assumed to preserve local genetic diversity and locally adapted 
populations); and the use of local soils and substrates (assumed to be better fitted to local 
conditions, to best support local vegetation, and to have lower ‘embodied energy’ than 
other substrates).  Many of these assumptions do not hold true in pure ecological terms, 
but they are highly beneficial in creating distinctive green roofs that reflect local conditions.  
Finally, the author sets out a framework that considers aesthetic as well as scientific criteria 
when designing green roofs for biodiversity. 
 
 



 

� � � � � � � � � 	
 � �	
	
              
 
 

 

GREEN ROOFS FOR HEALTHY CITIES 
177Danforth Ave. Suite 304 
Toronto, Canada 
M4K 1N2 
www.greenroofs.org 

CITY OF BOSTON 
Boston City Hall 
One City Hall Plaza 
Boston, MA  02201 
 www.cityofboston.gov 
 

1.3: Plant Responses to Drought on Extensive Green Roofs: The Effects of 
Temperature, Substrate Type, and Substrate Depth 
 
Authors 
Ayako Nagase is a Ph.D. student in the Department of Landscape at the University of 
Sheffield. Her project is the investigation of plant selection for extensive green roofs in 
the UK.  Her study includes the influence of the plant species and their composition on 
green roof performance (water runoff, acid rain buffering capacity and air quality).  She 
carried out her research for four months in the Department of Horticulture in 
Pennsylvania State University as an exchange student 
 
Christine Thuring graduated in Spring 2005 from Penn State University (PSU) with a 
MSc in Horticulture. Prior to this, Christine completed her BSc in Environmental Science 
and Biology from Trent University.  She has also worked as a field botanist and 
restoration ecologist, and has spent three months installing green roofs with Bienger 
GmbH, in Germany.   
 
Contact 
Ayako Nagase: arp03an@shef.ac.uk 
Christine Thuring: christine.thuring@gmail.com 
 
 
Session Summary 
Plants for extensive green roofs must tolerate extreme rooftop conditions, as well as 
those resulting from their shallow, free-draining substrates. This paper describes 
findings from two experiments where plant growth was analyzed for the following 
environmental effects. 
  
Temperature and water stress 
This experiment investigated the growth of four sedum species and cultivars (S. 
kamtschaticum var. floriferum ‘Weihenstephaner Gold’, S. rubrotinctum, S. rupestre, 
and S. spathulifolium var. purpureum) under the combination of three constant 
temperatures (14°C, 22°C, 30°C) and three watering regimes (wet, moderate, dry) in 
5cm substrate.  Although drought tolerance and growth rate varied among species, all 
four species produced their greatest biomass at 14°C in the wet regime, whereas 
growth was restricted at 30°C in the dry regime. 
 
 
Substrate composition and depth in combination with water stress 
Five taxa were tested for their responses to three drought conditions (early-, late- and 
no drought) when grown in 3 depths (3, 6, and 12 cm) of two substrates (expanded clay 
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and –shale).  Sedum album and S. sexangulare performed well under most conditions, 
although S. sexangulare was stunted by early drought. Delosperma nubigenum, 
although succulent, only performed consistently when provided with water. When 
subjected to drought, the herbaceous taxa (Petrorhagia saxifraga and Dianthus 
deltoides) always had fewer survivors in the expanded shale. 
 
 
 
 
 


