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ABSTRACT 

The grounds of Cana dl an homes typically conslst of trimmed lawns sparsely planted with 
ornamental trees and shrubs. Despite their low Initial cost and immediate impact, 
convention a 1 landscapes require slgnificant annual capital and physlcal resClurces, such 
as fuel, water, herbicides and fertillzer However, low-mamtenance alternatives exhiblt 
lower conslJmptlon rates and annual cost savmgs This paper investigates the saving 
potentaal of four low-malntenance alternatives when compélred to a conventional option 
through an Ewaluatlon of IIfe cycle cost and annual maintenance resource consumption 

The five options were simulated uSlng the proposed site and building of a low-nse, multi
resldentlal houslng proJect in Ottawa, where only the plantlng design varied for each 
Simulation The four alternatives involved: 1) replaclng 70% of lawn areas with woody 
plants groupE'd ln mulched beds, 2) ellmmatlng turf and mcluding 85% woody plants and 
a hard surfacI9 area of 15%, 3) replaclng 70% of the turf area wlth naturalized woodland 
plantings and 4) replacmg ail turf areas wlth 85% naturalized woodland and tall grass 
pralne plantlngs and mcludlng a hard surface area of 15% Only species that are well
adapted to thl:! site conditions were selected for the alternatives. 

The author surveyed contractors for mitlal costs and consulted a National Capital 
Commission clatabase for maintenance requirernents. Published sources also provided 
data on cost and material expenditures. With this data, payback periods were calculated 
The followlng payback periods for the most Ilkely maintenance scenano re,sulted from the 
analysls of altHrnatlves one to four: 1) 19 years, 2) 42 years, 3) 9 years and 4) 20 years 
Assummg ten years or less as a desirable payback period, on!y one of the alternatives 
could be pald back ln a deslrable time frame. However, variables Including an Irrigation 
system and hired maintenance produced three other scenarios for each alternative Most 
of these exhiblted deslrable payback penods wh en compared to the conventional option. 
ln addition to annual costs, resource consumption was significantly reduc;ed. The analysis 
showed the followmg ranges in annual savings: fuel use was reduced by 63% ta 100%, 
fertillzer by 62% to 98%, water by 66% ta 98% and herbicides by 64%, t) 100% 

While Alternative 3, the naturallzed alternative with 30% turf area, exhiblted the greatest 
cost savlng potentlal, dramatlc reductions ln resource consumptlon resulted for ail of the 
alternatives TlllS study demonstrates that shifting the emphasis away from manicured 
landscapes IS .an Important step toward resource conservation and, in many sitl.lations, 
long-term affordabliity 
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RÉSUMÉ 

Sur le terrain des maisons au Canada, on trouve généralement du gazon taillé avec ICI 

et là des arbres et des arbustes d'ornement Le terrain paysagé traditionnel eXige 
chaque année des ressources financières et matérielles, comme du combustible, de l'eau, 
des herbicides et des engrais Il eXiste toutefois d'autres solutions de faible entretien 
pour lesquels le taux de consommation est mOIndre et les éconormes annuelles 
supérieures. Il est question dans ce document des économies pOSSibles offertes par 
quatre solutions de faible entretien comparativement à une option traditionnelle 

Les cinq options ont été simulées sur le terrain de l'Immeuble propose pour un ensemble 
multi-résidentiel d'habitations basses à Ottawa, où seul le plan de plantation vanalt pour 
chaque cas. Les quatre solutions étaient les suivantes. 1) remplacer 70 % du terrain 
gazonné par des plantes ligneuses groupées; 2) éliminer le gazon pour aménager 85 % 
du terrain avec des plantes ligneuses et paver l'autre 15 %, 3) remplacer 70 % de la 
surface gazonnée par des plantes boisées naturalisées, 4) remplacer toute la surface 
gazonnée par 85 % de plantes boisées naturalisées et des plantes hautes de prame, et 
paver l'autre 15 % Seulement des espèces bien adaptées aux conditions du terrain ont 
été retenues dans chaque cas 

L'auteur a demandé à des entrepreneurs d'Indiquer le51 coûts Initiaux et a consulté une 
base de données de la Commission de la capitale nationale, de même que des sources 
publiées, pour les besoins d'entretien. VOici les périodes de récupération pour le scénario 
d'entretien Je plus probable d'après l'arlalyse des quatre solutions 1) 19 ans, 2) 42 ans, 
3) 9 ans; 4) 20 ans. En supposant que 10 ans ou moins SOIt une pénode de récupération 
souhaitable, seulement l'une des quatre solutions donnerait lieu à une récupération dans 
le délai souhaité. Toutefois, des variables telles J'aménagement (j'un réseau cflrngatlon 
et l'embauche de préposés à l'entre(ien ont donné lieu à troIs autres scénarios pour 
chaque solution. Dans la plupart des cas, les pénodes de récupération étalent 
souhaitables, comparativement à l'option traditionnelle D'après l'analyse, les économies 
annuelles se situent dans les fourchettes suivantes· la consommation de combustible a 
été réduite de 63 % à 100 %, d'engrais, de 62 % à 98 %, d'eau, de 66 % à 98 %, et 
d'herbicides, de 64 % à 100 %. 

Si la troisième solution présentait les meilleures pOSSibilités d'économies, des réductions 
très Importantes de consommation de ressources ont eu heu dans toue; les cas Cette 
étude montre que des solutions de faible entretien peuvent donner lieu à des économies 
de ressources et, dans de nombreuses Situations, être plus abordables à long terme 
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CHAPTER ONE: INTRODUCTION 

1.1 INTRODUCTION 

The yards of North American urban nelghbourhoods typically follow a pattern a 

landsCc1pe dominated by introduced' trees and shrubs rising out of neatly trimmed, green 

lawns land decorative an nuai flowers. However, these conventional landscapes require 

significant physical and capital resources to maintain. Massive doses of water, energy, 

synthetic fertilizer. herbicides and pesticides are necessary to keep turf green These 

inputs result in higher an nuai household costs for the consumer. Moreover, the qua lit y of 

water. soil and air is degraded as these resources are consumed. 

ln addition to its virtues of immediate impact and low initial cost, the tradition of well-

maintained lawns has been an expectation for North American households (Wilson, 1991; 

Hough, 1990). However, that perception is changtng Over the past decade. munlcipahties 

and homeowners across Canada have been replacing high input landscapes with lower 

maintenance alternatives. This has been a result of the desire to reduce operatlng costs 

as affclrdability and Ii'e cycle costing2 become increasingly Important Issues An equally 

important factor is the growing concern for the environmental impacts of lawn mowers, 

chemicals and excessive water use in the landscape. 

1 Dirr (1983) defines introduced plants as those which are 
"brought intentionally from another region for the purpose of 
cultivation". 

2 Brown and Yanuck (1985) define lite cycle costing as "a 
method of expenditure eva1uation which recognizes the sum total of 
aIl costs associated with the expenditure during the time it is in 
use". 
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This paper investigates the potential for savings in annual costs and resource 

consumption of alternatives to the conventional pattern of residential landscapes in two 

ways. 1) Two alternatives demonstrate the saving potential by replacing lawn areas with 

grouped beds of well-adapted woody plant53
. one with lawns reduced to 30% of the 

planted area, the other with lawns eliminated; 2) Two other alternatives replace lawn 

areas wlth naturalizect plantings' one with lawns reduced to 30% of the planted area, the 

other wlth lawns elimlnated. It was assumed that as resource consumption decreased, 

annual cost savlngs would also decrease. Since the alternatives' initial costs were 

assumed to exceed those of the conventionsl option, one of the goals of the analysis was 

to determine the alternatives' payback periodss. Moreover, the analysis was to indicate 

the potential savlngs in expenditures of fuel, water, fertilizers and other materials. 

These alternatives require fewer maintenance inputs largely because they are composed 

of interdependent plant communities which take advantage of natural processes. For 

3 Well-adapted woody plants refers to tree, shrub and 
groundcover species which are well-adapted to local environmental 
conditions. 

Hough et al (1982) define naturalization as "the 
introduction of natural landscape elements into the urban 
environment, such as woodlands, meadows and wetlands that are self
perpetuating and productive communities achieved through 
ecologically sensitive management rather than through total 
maintenance control". The process is also referred to as 
reforestation, which Hough et al (1982) define as "the 
establishment of woodland communities on land which has not 
supported trees for a long period of time". 

5 Brown and Yanuck (1985) define the term payback period as 
"the length of time necessary to recover the initial investment of 
a project". This investment can he recovered through savings in 
annual operational costs. 
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example, a canopy of trees provides a moist, protected environ ment for shade-Ioving 

groundcover. 5mce grassed areas do not naturally occur as tnmmed green "weedless" 

swards, inputs are reqUired to mamtain thls condition. Moreover, only plant specles which 

are well-adapted to local conditions, thus requiring conslderably fewer inputs, were 

selected. While the first two alternatives use conventlonal nursery stock, the second two 

present a different method of planting. These alternatives share an Important feature 

increasing reliance on natural processes rather than horticultural technolo!JY 

1.2 RATIONALE FOR STUDY 

With the growing awareness of the impact of landscape maintenance on the quality of 

water, soil and air, low-maintenance initiatives are gainlng momentum (Goode, 1990)6 

This concern also addresses consumer demands for affordablllty Whlle many low-

maintenance projects have been implemented ln Canada, comprehensive analyses 

comparing cost and resource consumption for several dlfferent alternatives are rare The 

results of this study will provlde the data necessary for making mformed decisions about 

adapting low-maintenance landscapes It will provide both an economlc and ecological 

rationale for those decisions. 

According to Friedman et al (1993), resource conservation has become one of the key 

issues debated in the field of housing Changing attitudes and lifestyles toward resource 

conservation have created a greater demand among homeowners However, willingness 

6 The City Green movement exemplifies the basic shift in the 
way our culture treats cultivated areas (Hightshoe, 1988). 
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to adapt conservation technologies is largely contingent upon cost effectiveness. In the 

CMHC7 study Consumer Housing Choices and the Environment (1990), one of the key 

critenon used to Judge the desirabllity of an envlronmental option was Its economic 

benefits. Participants justlfied decisions on the basis of payback period. As stated in the 

Our Common Future, economlc and environmental issues are inextricably linked (Reic, 

1991) Affordablhty is a cnlical housing issue due to the increased cost of land, 

infrastructure and construction as weil as the decline in median inc.ome relative to median 

housing priees (Fnedman et a', 1993) 

Whlle payback period studies on building and mechanical ~onservation technologies are 

well-researched, payback studies on resource conserving landscapes are rare. Although 

this paper discusses studles which indicate annual cast savings for law-maintenance 

alternatives, payback analyses are not Included ln these studies. Moreover, most of the 

studies which denote the economic benefits of law-maintenance alternatives by 

comparing initiai costs with annual costs savings are apphed to the institutional sector. 

Thus, this study helps to fill a literature void in payback analyses for law-maintenance 

alternatives in the housing sector 

Standards for predictlng maintenance requirements are beginning to be developed by 

municipalities and other government agencies. However, very liUle published material 

exists for maintenance standa~ds (O'Brien et a', 1992). This is partially because 

1 Canada Mortgage and Housing corporation 
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maintenance operations, such as tree care, have been difficult to predlct Annual Inputs 

are de pendant on a multitude of factors includlng climate, sOli type and exposure 

Traditionally, requirements are estimated by a trial and error method (Abbott and Miller, 

1987). According to Ferguson (1987), hard research IS lacklng on maintenance 

requirements, such as water, for most landscape plants Those performance standards 

that exist are used to estimate worker efficiency, plan budgets and forecast future work 

loads (O'Brien et al, 1992). These standards generally pertain only to conventlonal 

plantings. Records of maintenance reqUirements for low-maintenance landscape, 

particularly the naturalized alternatives, are rare This study incorporates the unpublrshed 

data on maintenance requirements and applles them ln a payback period calculatlon . 

1.3 BACKGROUND INFORMATION 

1.3.1 Impact of Landscape Maintenance 

Canada contributes disproportionately to envlronmental stresses because of hlgher per 

capita energy and water consumption and higher generation of pollutants (Robinson, 

1991). The following discussion indicates the contribution of landscape maintenance to 

environmental stress as weil as the economic considerations of this consumptlon pattern. 

1.3.1.1 Annual Costs 

Statistics Canada's most recent report on household expenditure indicates that landscape 

maintenance occupies a significant portion of household operational expendltures They 

report that the average annual, per family expenditure on horticultural goods and services 
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in Ottawa was $163.00 in 1986. This represents 7% of household operation expenses 

(Statistics Canada, 1991). Homeowners in single detached dwellings spent $253.00 on 

horticultural goods and services, at 11 % of operation expenses Given a 4% inflation rate, 

this would be $333 00 ln 1993 dollars'. Over a 30-year period of ownership, the annual 

operation costs of a house will be 9 tlmes the purchase priee, given a 9% a",~' !al interest 

rate (Brown and Yanuck, 1985). 

Canadians are likely to be spending even more on landscape maintenance as the true 

cost of resources is factored into materials consumed. An Environment Canada stud)' 

reveals that current rate practlces do not recover the costs of providing the water (Reic, 

1991)9 Only about 10% of actual costs are recovered in irrigation water charges (EC ID, 

1990). Often rates provide a negative incentive to conserve, due to deelining block 

rates11
. As a result, Canadian municipalities will be forced to rest:ueture water rates, as 

U .S. municipalities have do ne (Reie, 1991). The Green Plan for a Healthy Environment 

(1990), stated that "the key to conserving water is paying a fair pnee for the water we 

use." CANMET (1991) predicts that water rates will increase by as much as 50% over the 

next five years ln many parts of Canada. 

8 A 4% rate of inflation is the value used in current economic 
analyses of engineering projects in Canada (Friedman et al, 1993). 

qln 1992, the average cost of water in Canada was $0.65 cents 
per 1000 litres (Lee and Lirange, 1993) which is among the lowest 
water rates in developed countries (EC, 1990). 

10 Environment Canada 

Il In this case, consumers pay less per unit, the more they 
consume. 
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As previously discussed, reducing annual operation costs IS a cntical factor ln 

encouraging Canadians to conserve resources The conservation efforts whlch arase after 

the energy crisis in the mid-1970s provide a classic example of the power of economlc 

incentives in resource conservation. Lower consumption would not only economlcally 

benefit the individual consumer but the society as a whole 12. 

1.3.1.2 Water Consumption 

As a result of increased demand, Canada's lakes and rivers are under sigmficant 

pressure to supply clean water to Canadian homes. Although Canada IS a water-rich 

nation, Canadians should be concerned with water quahty and quantlty Issues A serious 

imbalance exists between the location of supplies and centres of demand (CANMET, 

1991). From 1981 to 1986, gross water use in Canada Increased by 5% (Relc, 1991) 

Canada has the second highest average daily household water use per caplta ln the 

world at 350 litres (EC, 1990). In many reglons, the demand for water has exceeded the 

groundwater aquifers' natural discharge rates (Reic, 1991). Concurrent with the increase 

in demand, is an increase in the amount of wastewater to be treated The increased use 

and expansion of facilities causes increased costs. 

During the summer, about half to three-quarters of ail municipally-treated water 15 &prayed 

onto lawns (EC, 1990). Given that the municipal sector is the third highest water user at 

12In 1989-90, all levels of government spent 6.5 billion 
dollars on water purification, water pollution control and sewage 
collection (statistics Canada, 1991). 



• 

• 

• 

8 

4711 billion litres (EC, 1990), reducing water use in the landscape has serious 

Implications Accordlng to CMHC, a typlcal suburban lawn can require up to 200 000 litres 

of water dunng a single growlng season. According to CANMET (1991), an average 

residenhallawn will soak up about 100 000 litres of water, most of which is lost to run-off 

and evaporation A Canadian study states that 15.6% of average monthly household 

water demand IS consumed in lawn watering for the full year (A.C.E., 1991). In the U.S., 

lawn watenng accounts for 29% of annual household water consumption at 140000 litres 

annually (Robinette, 1984) ln south-western states, the largest residential water use is 

landscape irrigation, accounting for 40% of household consumption (Ferguson, 1987; 

McPherson, 1989). This heavy consumption rate explalns why lawn watering is one of the 

first arE: lS ta be restricted in any water shortage situation (Roblnette, 1984) . 

1.3.1.3 Energy Consumption 

With over 40 million lawnmowers consuming 200 million gallons of gasoline annually in 

the U S., the impact of lawns on energy consumption is significant (Diekelmann and 

Schuster, 1982) Savage (1987) states that in 1986, Canadians used about 25 million 

gallon& of gasoline to mow lawns The impact of energy consumptlon on environmental 

quality is manifested ln phenomena such as the greenhouse effect, aCld rain and ozone 

depletlon (CMHC, 1992). According to Statlstics Canada (1991), Canada has the highest 

per caplta rate of greenhouse gas emissions in the world . 
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1.3.1.4 Chemical-use 

Lawns also require fertihzatlon to ensure vigorous and healthy growth ln the US, more 

fertihzer is consumed on lawns in one year than IS used ln Indla each year for fùod 

production. As much as one-slxth of a" commercial fertillzers are used to produce green 

lawns instead of food (Dlekelmann and SChuster, 1982) Fort Y percent of a" pesticides 

are used on lawns and gardens (Norris, 1983) Acre for acre, approxlmately 15 tlmes 

more pesticides are applied on urban lawns and gardens than rural areas (Rubln, 1989) 

This consumption rate has serious implications for groundwater quallty (Relc, 1991) The 

use of synthetic fertilizers, pesticides and herbicides kills organlsms whlch act as food for 

wildlife (WEPD, 1993). Statistics Canada (1991) states that the contamination of ground 

water by industrial, agricultural and domestlc acttvitles is already a senous problem 

Thirty-three percent of Canadians rely on groundwater as thelr source of dnnklng water 

(Decker, 1992). Fertihzefs also 5eep into storm sewers as run-off and eventuallv Into 

lakes and streams where they lower dlssolved oxygen levels and release ammonla whlch 

is toxic to fish (WEPD'3, 1993). Groundwater contamination is extremely dlfflcult and 

costly to clean up, since it can remain in the supply fram two weeks to 10 000 years (EC, 

1990). While not ail chemical applications reach water supplies through leachlng or 

run-off, reducing or e'iminating fertilizer and pesticide application is the best way to avold 

contamination (WEPD, 1993) . 

13 Water Environment Protection Division of the Regional 
Municipality of ottawa-Carleton (RMOC) 



• 

• 

• 

10 

1.3.2 Altematives 

The rationale for selectlng the following alternatives as solutions to the environmental and 

economlc Issues are dlscussed further in Chapters TWJ and Three. 

1.3 2 1 Well-adapted Woody Plant Beds 

Without extensive hurnan intervention, 

lawn areas would be Invaded by ahen 

specles and withln a short tlme cease to 

exist (Gilbert, 1989, Dlekelmann and 

Schuster, 1982) 14 Moreover, a landscape Figure 1 1 The conventlonallandscape 

of specimen trees Isolated in manlcured lawns, as shown in figure 1.1, IS dependant on 

hortlcultural support (Hough, 1984) The proposed alternatives require conslderably less 

human intervention For example, wlth careful species selection and design, elandscape 

which reqUlres no water Inputs beyond those provided by precipitation, is an attainable 

expectatlon (Relc, 1991) Adapted woody plants are increaslngly being used as a lower 

maintenance substltute for mown swards (Cobham, 1990) According to Gilbert (1989), 

although woody plant beds are initially costly, in the long term they are cheaper than 

mown grass to manage. 

Low maintenance landscapes were pioneered in the south-west U.S. American programs 

14 Advances in horticultural technology have produced low 
maintenance turfgrass cultivars. AIso, organic lawn care practices 
are gaining popularity. However, this study will examine 
maintenance requirements for traditional lawns and lawn care. 
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for implementing water 

conserving landscapes 

recommend that the most 

significant savings come from 

reductions in turf area and 

replacing Introduced specles 

with native on es (Relc, 1991) 

Generally, turf areas should be 

A Red ledar 
B Jumpcr A-
C Dayhht--.; 
D A!>cha 
E Percnlll.l)., 
F F.a~trm Red!>ud B-
e, SPi rra c-
Il Potentlll", D_ 
I Jumper 
J Cran!>cnv Bu~h 1:-
K Golden li.un Trec ~~ 
L Whuc l'me 
M Bcarherry 
N Beach Rose 
o lJayberry 
P mulch 

limited to what is useful for Figure 1 2 Meslscape plan for the Northcast gardcll 
dlsplay al "Conserve 90" (from Llc:hl, 1990) 
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N 

social and play activities 15. As xenscapes16 emerged out of the and chmatlc conditions of 

the American south-west, meslscapes17 emerged out of the more ralny New England 

states (Licht, 1990) Desplte the abundance of water, consumers ln Massachusetts have 

seen their water bills triple ln recent years (licht, 1990) 

Growing awareness of the benefits of low maintenance landscapes has resulted ln the 

occurrence of many Canadian initiatives. Canadian consumer gUides, such as Water No 

15 For example, the city of San Diego sets lirnits on turf 
through a landscape zoning ordinance (Reic, 1991). In Phoenix, turf 
limitation ordinances require home-owners to obtain a permit prior 
to lawn installation (McPherson, 1989). 

16 Xeriscapes are landscapes which minimize irrigation water 
requirements. The term is derived trom the Greek work "xeros" 
meaning dry (Cox, 1991). 

11 Licht (1990) defines mesiscapes as lia regionally sensitive 
approach to water conserving landscape techniques", suitable for 
medium rainfall. 
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Tlme to Waste (EC, 1990), recommend converting lawns into xeriscapes or native, low-

maintenance groundcovers As maintenance costs continue to Increase, municipalities 

have started to conslder alternative management techniques, particularly the reduction 

of lawn areas Canadlan projects, such as the Ontario Government's Queen's Park 

Xeriscape Demonstration Garden, indicate the efforts being made to educate and provide 

examples of low maintenance landscapes (MNR,e, 1992). Annual maintenance costs of 

Toronto's IBM headquarters were reduced by $43.00 per 100m2 when lawn areas were 

replaced wlth native woody plants (Hough et al, 1992). 

A study by the North Marin County Water Board (Nelson, 1987), compares the resource 

consumptlon of lawns and woody plant alternatives. When 55% of lawn areas were 

replaced wlth tree, shrub and herbaceous groundcover beds, the following annual savings 

occurred 49% of water use, 25% of labour, 52% of fertihzer, 44% of fuel and 22% of 

herbicides (Nelson, 1987). This resulted in a $75 annual saving over an approximately 

$200 expendlture on an nuai maintenance per unit with water conserving alternatives. 

Native plants generally require less maintenance because they have evolved to adapt to 

local conditions (MNR, 1990) As a result, they are more resistant to disease, pests and 

drought than Introduced species. Native plant communities can not only survive the iigors 

of cllmate and dlsease but can also reproduce themselves without much special attention 

from year to year (Dorney, 1985). However, Moll (1986) indicates that not ail non-native 

l~ Ontario Ministry of Natural Resources 
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species require more water, energy and chemicals to stay healthy. It is preferable to use 

native species and substitute suitable exotics where necessary (M N R, 1990) 

1.3.2.2 Naturalization 

NaturalizationHI involves hum an plant establishment inltially and a limlted management 

program to assist natural processes in plant growth The term managed successIOn2o 

suggests the supporting role of humans in plant commumtles that rely pnmarrly on non-

human inputs (Hough et al, 1982). However, without this Initiai human Interventron, 

several decades would be required for a deslrable growth state ta be achieved 

(Diekelmann and SChuster, 1982; Thorn and Huang, 1990) 

With naturalized plantings, virtually no external sources of energy, nutrrent or water 

should be needed since ail inputs come from on-site sources or can easily be performed 

by hand (Diekelmann and SChuster, 1982; Lamb, 1993) ln addltron to reduced 

maintenance inputs, naturalization offers an alternative to conventlonal plant installation 

techniques which rely on imported topsoil, fertllrzer and well-established plant materral 

(Hough et al, 1982). This practice is expensive, consumptive and ultlmately conduclve to 

plant community instability (Saines, 1986). Furthermore, evaluations of resldentlal 

19 The City of ottawa Department of Recreation and Culture 
(City of ottawa, 1993) define naturalization as "the management of 
land to allow the process of plant growth, reqeneration and/or 
succession to occur." 

20 Managed succession will be defined and discussed in Chapter 
Three. 
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naturalization expenments indicate considerable decreases in cost and increases in user 

preference21
. While the cost of maintaining horticultural plantings rises, naturalized areas 

continue to drop while stabihty continues to increase over time (Hough et a', 1982; 

McCormick, 1991) 

ln the late 1970s, a new type of park, dubbed "Ecology Parks", emerged in Britain's cities 

(Johnston, 1990). In these small, inner city parks, woodland and wildflower communities 

were planted on vacant lots as an ecologically sound altemative to the conventional 

approach to public open space (Gordon, 1990). Today, these parks provide shelter for 

wildlife, cost little to malntain and have fostered a new sense of community pride. 

Compared to laylng turf, installation costs and labour for Toronto's Ecology park22 were 

initially higher. However, after three years, the site showed a dramatic drop in annual 

maintenance costs (Pollution Probe, 1988). 

One of the first naturalized woodland areas in Canadian cities is the NCC'S23 South-west 

Transitway COrridor Naturalization Project, shown in Fïgure 1.3. The project was initiated 

to determine the feaslbilily of establishing self-suslaining woodland areas in Ottawa. Il 

21 The first experiment in naturalization of dense urban 
housing was completed in 1979 for an apartment complex in Delft, 
Holland (Bos and Mol, 1980; Spirn, 1984) and followed by projects 
like Warrington New Town in Britain (Scott, 1986). 

22 Located in a downtown 'roronto neighbourhood, Ecology Park 
was planted from 1985 to 1987 on a vacant lot owned by the 
Metropolitan Toronto government (Gordon, 1990). It was recently 
removed for the Spadina subway station expansion • 

23 National Capital Commission 
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reflected an image change away from manicured parks and neatly tnmmed lawns to low-

maintenance landscapes as a result of declintng budgets, escalatlng costs and public 

envlronmental awareness (Hough et al, 1982). Accordlng to Hough et al (1982), wlth the 

widespread public concern in Canada for the envlronment, municipal parks personnel 

have been under Increaslng pressure ta modlfy the tradltlonal vlew of parks as hlgh

maintenance grass and tree open spaces More emphasis has been placed on creatlng 

a dlverslty of naturalized urban spaces Simllarly, the City of Ottawa (1993) promotes 

naturahzatlon to Infuse variety and a sense of natural processes mto urban parklands 

FIgure 1 3. Tellt plot ln the South-wesl Tranlttway COrridor NaturahzallOn Project 

The NeC has found that slnce plantlng phase two of the South-west Transltway Corndor 

ln 1988, maintenance activltles have been limlted to mowlng one ta two metre wlde stnps 

of grass along pathway edges (Gauthier, 1993) A cast companson of mamtalnlng a 

formai, manicured landscape and a reforested plot, both one acre ln Slze, by the City of 

North York, indlcates that over a three year penod, the formai treatment cost $8 529 00 

while the naturalized alternative cost $2792.00 ta malntaln (Granger, 1984) Simllarly the 
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City of Kitchener has adopted naturalization for several of its parks24
• 

1 .3 2 3 Aesthetics 

One of the NCC's reasons for establishing naturalized 

areas was to enhance the variety of landscapes in the 

national capital (Holubowich, 1990). Open spaces that 

support wildlife and provide contact with nature in the 

city offer different social and aesthetic experiences to 

more manicured gardens25 Planting naturahzed 

communities also provides wildlife with their preferred 

food, protective cover and habitae6
. According to 

Hightshoe (1988), aesthetlc preference has already 
Figure 1 4 Comparilon of convenllonal 
use of lawn and trees (top) wllh • 
naturalized alternative (bottcm) for the 
lame Irte (Dlekelmann and Schulter, 
1982) 

74 School yards including Kew Beach, ossington and Ridgeview 
Public Schools in the Toronto area are also converting lawn and 
asphalt areas into naturalized woodlands and meadows (Savage, 
1987). Naturalization projects are planned or completed in the 
following public schools in the ottawa area: Briargreen, Riverview, 
Woodroofe, Grant, Churchill (pink et al, 1993). 

?~ The following description of Toronto's Ecology Park 
(Pollution Probe, 1988) illustrates the aesthetic possibilities of 
naturalization: 

"When walking through our woodland in spring, delicate wild 
strawberries grace the rich humus earth. Brightly-coloured 
hummingbirds hover beside trllmpet creeper vines which scale the 
adjacent brick wall. Above, a multi-layered canopy of native choke 
cherry, red maple saplings and striking red osier dogwoods are 
alive with warblers." 

2& For example, an NCC study showed that songbird populations 
increased simply by eliminating mowing under tree canopies (Hough 
et al, 1982). 



• 

• 

• 

17 

begun to change as a new landscape ethic emerges27
. This new ethic supports the 

public's growing interest in environmental Issues. 

1.4 RESEARCH QUESTION 

What are the potential savings in annual cost and resource consumptlon when 

conventional landscapes are compared with low-malntenance alternatives? Do these 

savings result in a desirable payback perior/s for the homeowner? 

1.5 GOALS AND OBJECTIVES 

The goal of this study is to provide a measure of the potential savings in annual costs 

and resource consumption of low maintenance alternatives to convention al resldentlal 

landscapes. Guidelines which apply ta any Canadlan housing situation will also be 

provided. The objectives are to: 

1. provide background information for the five landscape options; 

2. simulate five landscape options; 

3. analyse the simulations by calculating: a) capital costs, b) annual costs and resources 

27 In an attempt to test the acceptability of water conserving 
landscape, Thayer (1982) conducted a study of public response to 
eight alternatives. Respondents stated that the alternatives with 
a 50% reduction in irrigation water were as acceptable as the 
typical irrigation control landscape with turf. A survey in San 
Francisco, tested residents 1 responses to landscapes that used only 
40% as much irrigation water as those of nearby communities. The 
residents reported that the y were pleased with their lush, green 
surroundings (Ferguson, 1987) • 

28 The criteria for selecting ten years as a desirable payback 
period will be discussed in Chapter Six. 
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consumed in annual maintenance and c) payback periods; 

4. formulate conclusions and guidelines 

1.6 INTENDED AUDIENCE 

This study is directed toward landscape architects, architects and urban planners. 

However, any group or individual making decisions about managing landscapes can use 

the conclusions about potential savings. For example, single and multi-family residents 

can also benefit from the results of this study. 

1.7 METHODOLOGY 

Although the case study methodology was considered in this investigation, variables 

mvolving building and site configuration would affect the evaluatlon of landscape 

elements Ideally, ail parameters, except for landscape elements, should be held constant 

for each alternative. Therefore, the alternatives were simulated29
• The site and building 

parameters remained constant for each of the five alternatives. These fixed parameters 

were denved from a proposed housing co-operative in a downtown Ottawa community. 

While variables occurred in the planting design, most of the landscape design elements, 

for example, pa th lay-outs, sense of canopy, colour and amenity space, were as 

consistent as possible. The variables included species selection, size of lawn area and 

method of planting The site analysis and simulations are illustrated in Chapter Four. 

2'1 AutoCAD, an architectural design program, will be used for 
the simulations. 
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The simulation of landscape options includes' 

1. The conventional landscape: trimmed lawns sparsely planted with trees, shrubs, 

groundcovers and annuals; 

2. Alternative 1: lawn area limited to 30% of planted area, and replaced with beds of 

grouped, well-adapted groundcover and shrubs with a canopy of hardy, native trees also 

grouped in mulched beds 

3. Alternative 2: lawn area eliminated and replaced wlth beds of grouped, well-adapted 

gruundcover and shrubs with a canopy of hardy, native trees also grouped in beds, 

4. Alternative 3: lawn area limited to 30°A, of planted area and replaced wlth naturahzed 

woodland plantings with shrub and groundcover edges and 

5. Alternative 4: lawn area eliminated and replaced wlth woodland and tall grass prairie 

plantings with shrub and groundcover edge. 

Initial costs were determined by two methods. 1) Yardsticks for Costing provided 

comprehensive listings of costs for landscape elements While this source provided boU 1 

current and local, published cost data, only standard landscape items are covered 2) ln 

order to obtain current, local priees for non-standard items, pnmarily for the naturalized 

alternatives, a survey of contractors was conducted. Contractors provided prices for 

installing the alternatives based on a specification describlng materials and tasks. The 

naturalized alternatives incorporated specifications for local projects, for example, the 

South-west Transitway Corridor, by local practitioners. Capital costs of maintenance 

equipment was included in the total initial co st. Prices were derived from the Canadian 
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Tire catalogue (1993) since this type of retal! outlet is where residents are most likely to 

buy such items. The specification for the conventional landscape and woody plant 

alternatives was based on the National Master Specification (1992). The methodology for 

calculating payback periods is from Brown and Yanuck (1985). 

Since an nuai requirements, like pest and weed control, are difficult to predict in advance, 

records kept from previous years provide the best method of calculating maintenance 

requirements While sorne standards trom maintenance records have been published, 

these are not specifie to the local conditions of this study. An NeC database, called 

Operation Management System 1 provided the local source needed for this study. The 

Nec uses this system to predict annual requirements in terms of labour, equipment and 

materials. Published sources, like those of OMAF30
, helped to fi" some gaps and 

inconsistencies in the database. 

1.8 LIMITATIONS 

Beyond achieving savings through annual maintenance reductions, planting design has 

a significant impact on resource consumption in other household operations. For example, 

the shading effect of trees in the summer and their wind-blocking effect in the winter can 

significantly reduce energy consumption in household heating and cooling31
• 

30 Ontario llinistry of Agriculture and Food 

31 For example, a study by Akbari and Taha (1991), 1ndicates 
that signif icant savings for a residential neighbourhood can be 
achieved by increasing vegetative cover by 30%. In five Canadian 
cities, heat1ng energy was reduced by 10% to 35% and cooling by 40 
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Furthermore, vegetation can greatly effect the quantity of stormwater run-off32. While 

these areas were reviewed for this paper, the analysis will focus on the costs and 

materials consumed in annual landscape mah .tenance. Moreover, the environ mental 

impacts of consuming these resources will not be evaluated. 

User-preference was also reviewed for this paper. Evaluating the social aspects of low-

maintenance alternatives would have completed the sustainable development tnad, which 

includes economy, ecology and community and ensured a more equitable comparison 

of the five option&. While user preference was beyond the scope of this Investigation, it 

is included in the general discussion . 

The most accu rate portrayal of an nuai requirements would have been obtalned by 

implementing the five options and keeping maintenance records over several years. Since 

this was beyond the scape of this study, data on maintenance requirements was denved 

from published sources and the NeC database. Since only commercial and Instltutional 

sources were available and the simulations apply to housing, time requirements cited in 

the analysis are slightly lower than they would be in a real situation, due to the lower 

efficiency of a homeowner compared to a professional worker. Moreover, resource and 

to 100%. 

32 Based on calculations from "Surface Water Drainage" 
estimating run-off for similar soil types and climate conditions, 
forests with a well-developed understorey accumulate 40% less 
run-off th an Iawn areas and 20% Iess th an dense meadows (Sykes, 
1985) • 
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lime requirements assume that the maintenance intensity will be sufficient to sustain the 

Intended appearance of the given landscape application. Thus, differences in aesthetic 

standards among various user groups are not accounted for. 

The alternatives were applied to an 84-unit housing co-operative located in a downtown 

community in Ottawa Only the common space, located in the court yard of the U-shaped 

building was designed and evaluated for this paper3
. The small priva te patios were left 

out of the design and the analysis. The low-rise, medium-density building, is discussed 

in the Chapter Four. A single housing format was chosen to simplify the analysis and the 

comparison. Generally, the principles would apply to most residential landscapes, 

regardless of house typology. However, results will differ according to geographic location, 

since the emphasis in this study was placed on utilizing local data. 

1.9 CONCLUSION 

Before presenting the simulations, the conventional option and alternatives need further 

definition. The next two chapters will provide the reader with background information 

necessary to understand the components of each simulation. Moreover, the background 

will provide a ration ale for choosing these elements for low-maintenance alternatives. 

33 The design elements examined here include only planting and 
paving. The design was deliberately simplified for the purpose of 
clarity and sustaining a focus on low-maintenance alternatives. A 
more realistic design would include structures such as screening, 
play structures, seating and walls. Also gradinq and drainage is 
not included in the analysis. 



• CHAPTER TWO: LlTERATURE REVIEW: CONVENTIONAL OPTION 
AND WELL-AD~.PTED WOODY PLANT BECS 

2.1: INTRODUCTION 

ln the previaus chapter, law-maintenance alternatives ta conventlonal resldential 

landscapes were introduced. In arder to establlsh a r~tionale for selectlng the four 

alternatives as solutions to reduclng costs and consumptlon, background Information 15 

provided. In addition to presenting the maintenance reqUirements of the plantlng options, 

discussing the physiological and ecological relationships between plants and thelr 

environments will expia ln the dlfferences in maintenance needs The survlval strategies 

of certain species and plant communities render them less dependent on horllcultural 

inputs than others. Both the annual maintenance requirements of establlshmenf4 and 

• post-establishment will be dlscussed Although current dollar figures and local 

environmental factors will be applied to the simulations in Chapter Four, tlme 

• 

requirements will be given here as a relative indication of maintenance InputsJ5 

ln this chapter, background will be provided for the elements Included in the conventlonal 

option and tirst two alternatives. The discussion will be arranged around law-maintenance 

34 Cobham (1990) defines establishment as "the prolonged 
period of 'childhood' during which woody plants need careful 
nurturing". Once they are established, usually within two to five 
years, biological requirement for the original maintenance regime 
decreases. 

35 The many variables including site conditions a~d equipment 
make estimates difficult. However, records of previous operations 
offer an indication of annual requirements. Time requirements 
offers a relative indication of total costs because labour accounts 
for appreximately 66 te 75% of total cast (Cobham, 1990). 
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landscape pnnciples includrng the following: 1} limit use of lawn areas; 2) use woody 

plants includrng trees, shrubs and groundcover; 3} select species adapted to local 

conditions; 4) group plants rn mulched beds and 5) use hard-surface areas. 

2.2 LIMIT USE OF LAWN AREAS 

Turf IS usually chosen as the pnmary vegetative caver because of its virtues of immediate 

impact and low initiai cose6 Although the capital cost of installing lawns is relatively low, 

annual requirements of malntalning lawns are higher than alternative strategies. 

Moreover, reqUirements remaln constant each year, unllke the other strategies which 

exhibit decreasing inputs over time 

2.2.1 Annual Requirements 

Annual labour 
Table 2.1 : Annual time requirements for 100m2 lawn area 

source time (hours) 1 
requirements for 

Cobham (1990) 18.5 
Wright (1980) 14 to 17 

malntalning a 100m2 

turf area. calculated Institute of Maintenance Research (1983) 18.0 

from the various 
1. Rcfcr lO Appcndlx 1 for dclalls. 

sources. are summanzed in Table 2 1 and detailed ln Appendix One. 

lb According to Wilson (1991), the lawns and scattered exotic 
trees that are so important to the postwar suburban lands cape 
derive from the English country estates of the eighteenth century. 
Lawns and ordered tree groupings offered a controlled, pristine and 
yet natural, green appearance; aIl of which represented the 
stylistic preference of the time (Spirn, 1984). This pastoral style 
has persisted in contemporary urban society because of a passive 
image of nature for the dual purposes of escape and exploitation 
(Wilson, 1991). 
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According to OMAF (1990), resources required for average annual maintenance are 1 5 

to 2 kilograms per 100m2 of nitrogen split into two to four applications and an Irrigation 

depth of three cm at weekly intervals37 The OMAF estimation would result ln a water 

requirement of 60 000 litres per year for a 100m2 area Accordlng to a CMHC publication, 

a typical suburban lawn, at 350m 2 can requlre up to 200 000 litres (Relc, 1991) Fuel 

consumed in mowing every seven to ten days, and herbicide, pesticide and funglclde 

applications on an as needed basis are al50 part of the materlal requlrements of 

traditional lawn care (Cobham, 1990; OMAF, 1990; Ortho, 1990, Turgeon, 1990) 

2.2.2 Physlologlcal and Ecological Relationships 

While the figures shown in Table 2 1 indicate the requirements for tradltlonal lawn 

maintenance, organic maintenance practices require 51gnlficantly fewer malerlal Inputs 

(Rubin, 1989). Moveover, low-

maintenance, water-conservmg 

turfgrass species can be selected For 

example, Table 2.2 shows the range 

Table 2.2: Summer ET rates for turfgrass 
(from Beard, 1 <)851 

Common Name ET rate (cm/week) 

TaU Fescue 
Perennial Ryegrass 
Kentucky Bluegrass 

51-89 
46-7.9 
28-46 

, 

37 According to Eeard (1982), turfgrasses in northern tempera te 
reqions with moderate humidity have an evapotranspiration rate of 
2.3 to 2. Sem per week. Records from the Toro Company (1966) 
indicate weekly rates of O. 4cm in the summer months. Thus, two 
additional cm of water are required each week to account for this 
discrepancy between water needs and availability through rainfall. 
However, environmental factors other than rainfall, such as 
sunlight, temperature and soil type, influence the water 
requirement. 
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ln evapotranspiratlon38 (ET) rates of three turfgrass species. Although organic lawn care 

reduces dependence on chemical herbicides, pesticides and fertilizer, time demands are 

still relatively high39
• 

Contlnuous cutting leads to a weakened condition which promotes pests, diseases and 

weeds, since mowlng creates wounds which pathogens can enter (Dernoeden, 1991).40 

Mowing also promotes weed Invasions by thinning the vegetative cover. Like mowing, 

pedestnan circulation promotes wounds that pathogens easily invade. In addition, 

circulation causes compaction which impedes air and water movement in the soil 

(Anderson and Egglns, 1987). This causes a decline in plant vigour . 

Accordlng to Muggas et al (1992) few soils have enough natural nitrogen to maintain 

desired turfgrass quahty and recuperative ability through the growing season. They 

recommend three to four pounds of mtrogen fertilizer application per 100m2 for high· 

maintenance areas and one or two pounds for low-maintenance lawns. This is the rate 

~A Hausenbuiller (1985) defines evapotranspiration as "the 
combined 10ss of water from a given are a and durinq a specified 
period of time, by evaporation from the soil surface and by 
transpiration from plants". 

\q Annual fertilizinq, albeit with less soluble and harmful 
sources, is neeessary even when praetisinq orqanic lawn eare(Rubin, 
1989). Aeratinq te alleviate compact ion and weed problems should 
oeeur at least twice per year. Waterinq and mowing rates are 
similar to reqular lawn care (Rubin, 1989). 

40 For example, studies at the University of Maryland show that 
when mewing heights were increased from 3.8 to 7.6 cm, disease 
resistanee was improved (Dernoeden, 1991). 



• 

• 

• 

27 

for a quick release, soluble nitrogen source. The nitrogen application rates recommended 

result in excessive nitrogen loss due to leaching41 partlcularly on sandy loam 50115
42 

Chemical nitrogen is highly water-soluble and quickly leaches away mto the water table 

Organic fertilizers have very Table 2.3 Characteristlcs of common turfgrass 

low leach potential as nltrogen sources (tram Muggas et âl 1992) 

indicated in Table 2.3. When 

Ferfillzer N conlenl Leochlng Burn Low lemp Residuol 
source "10 polentlal polenhal r.spon,. eUect 

InorgontC 

little organic matter is in the 
Ammonium nllrote 333.1 fl19h H'IJ" f?O[lll1 Sl1nrl 
Ca'cium nltrat" 16 HI~lh IlI(1h 1,'(HIIr! ~;t,orl 
Amm0rllurn sulfate 21 HI\Jh HI(111 R'lptc1 ~110rl 

sOil, the leaching process is 
prgantc - naturol 

Acllvoted oewùJe 6 Very low V,'r'y I,JW Vory low IOflq 
siudge 

hastened (Rubin, 1989). 
Monures 3 10 Ver" lù\" Vpry low Vury low IUflCj 
Other nalu'ol 310 Very luw Vpr\, Inw VI'ryl"w 1 ('no 

r;ror:Juct\ 

Over-use of chemical Organlc - nalurol 
U'ea 4546 M,)(!,'I01" 11111', li(]J!ld ~1i(Jrl 

fertilizers can also kill 
U'eo Sülut,o')s 121,1 M~Jcjur(l1p Il''11, linJ>Il' Id Il Jrl 
Sulfv CJah.:d "l' J 143P Ir,w l, N M,,,I.'lrll!' M'ICI"III. 
~e;,r cccleJ UI€'D 211 ~lj [()III [\11/'/ fv1{ JI 1t rdif' Irl[ 1f 1 
IS ::buly. aere dlu,cu JO \1 r~'" 1'} h .~; l""" 1\1<,,!o l'it. I,1'"I"r Il, 

beneficial organisms in the 
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soil (Rubin, 1989). 

Thus, continued chemical use can lead to a weakened state and prolonged dependency. ~3 

This not only affects plant health but soil and water quality as weil For example, two of 

41 Hausenbuiller (1985) defines leaching as "the removal of 
materials in solution by water percolating through the soil". 

- -- ~ J 

42 Hausenbuiller (1985) defines loam soil as having 
intermediate texturaI properties, that is, as close a balance of 
sand, silt and clay as any soil class. 

43 Chemical use can poison beneficial predators, such as birds. 
When this natural control is reduced,pests are allowed to multiply 
more rapidly (WEPD, 1993). This may further the need for chemicals 
and set a cycle in motion. 
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the most commonly used herbicides, 2,4-0 and dicamba, are identified on a U.S. EPA44 

list of herbicides that have the greatest potential for leaching into the groundwater 

(Petrovic, 1989) 

Although lawns generally contain more than one cultivar to widen the genetic base of the 

sward, species diversity is still limited (Oernoeden, 1991). Therefore, if herbicides and 

pesticides are used, they are applied to the entire turf area even where selective products 

are used. When these are applied repeatedly, resistant individuals will increase in number 

until most of the population is resistant and the chemical control fails (Sanders, 1989). 

2.3 USE WOODY PLANTS 

Woody plants are increasingly replacing turf as a low-maintenance alternative. Despite 

establishment and senility periods which require more care, the adult woody plant will 

likely be maintenance-free, with proper species selection and early management 

(Cobham, 1990). Unlike this extended low-maintenance period for woody plants, turf 

areas do not experience post-establishment reductions of maintenance inputs. According 

to Baines (1982), if woody plant beds survive the critical two or three years of 

establishment4S
, they will "provide many more years of relatively maintenance-free, low-

44 Environmental Protection Agency 

45 Correct establishment practice is critical to the long-term 
growth of woody plants. If they suffer unchecked drought or disease 
in the early years they may never recover (Cobham, 1990). For 
example, a study of Seattle street trees indicates that 100% of 
trees irrigated for the first two years of transplanting survive 
while only 20% survive without supplemental watering (Lindsey and 
Bassuk, 1991). After establishment, bioloqical requirements for 
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cost pleasure. They certainly present a far more economical option than the convenlent 

but costly grass." 

One of the objectives of this study is to determine whether the annuai maintenance 

savings are sufficient to offset the additional capital cast. For example, whlle trees are 

typically the least expensive plants ta maintain over the life of the landscape, they are the 

most costly ones to install (Hensley, 1991). Cast analyses and payback calculatlons will 

be investigated for the simulations in Chapters Four ta Six. 

2.3.1 AnnuII Requlrements 

Through calculations from 
Table 2.4: Annual requlrements for woody plant optlonll 

Cobham (1990), the 
item time1 

Tree (during establishment) 36 min./tree 
Tree (after-establishment) 19 min./tree 
Shrubs (after establishment) 2.6 hours/100m2 

Groundcover (during establishment) 2.6 hours l100m2 

Groundcover (after establishment) 2.3 hours/100m2 

Vines (after establishment) 28 min. 110m2 

following an nuai time 

requirements shown in 

Table 2.4 and Appendix 

One, can be expected: 1. Refer to Appendix 1 for delai!:; and sources. 

Table 2.5: Annual requlrementa of 100m2 hlgh-
maintenance plantlnga (from Cobham, 1990) ln comparison ta woody plants, 

Item labour (hours) 
herbaceous borders 24.5 Cobham (1990) notes the followlng 
rockeries 18.0 
herbaceous beds 25.2 an nuai maintenance requirements 
annuals 80.0 
herbacious groundcover 17.0 of 100m2 beds of other plantlngs, 

environmental control decrease. other objectives, such as 
appearance, may dictate maintenance inputs. 
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as shown in Table 2.546
• When compared with herbaceous plantings and lawns, woody 

plants offer slgnificant saving potential. 

2.3.2 Physlologlcal and Ecologlcal Relationshlps 

White the majority of turfgrass species have been quantifiably assessed for maintenance 

requirements, assessments for trees and shrubs are more difficult to predict (Beard, 

1992) Accordlng to O'Brien et al (1992) very little published material exists on 

performance standards for tree care. 

As shown in Figure 2.1, the only tree care 

activities that most municipalities engage in are 

pruning, removal and replacement (O'Brien et 

al, 1992). The average an nuai cost per tree for 

street tree care in the U.S. was $10.62 in 1990 

, 

tree ) stump remOllalll';., 

FIgure 2 1 Maintenance distnbution of Toledo's work 
data baie (from O'Bnen et al, 1992) 

(Zeming et al, 1991). After establishment, pruning is needed infrequently·H. Pruning is 

usually the result of interference with other elements, such as overhead wires, buildings 

or views (Harris, 1983). Most conifers require tittle or no pruning even in confined spaces 

(Harris, 1983; Ortho, 1990). Most shrubs need very tittle pruning with the exception of 

46 A general rule of thumb, if low-maintenance is an objective, 
is to avoid any plant that needs to be lifted, separated, covered, 
planted annually, limed or otherwise requires predictable annual 
care (Smithers, 1988). 

n However, pruning requires more time, as trees age. For 
example, to medium prune a 40cm diameter oak requires ~.l hours and 
a 75cm maple requires 5.2 h~urs (Abbott and Miller, 1987). 
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removing diseased or damaged wood (Cobham, 1990)48. In contrast, if cutting is 

neglected, lawns will quickly begin to look unkempt (Knopt, 1991). Tree and shrub 

pruning times are generally both less trequent and more flexible than lawn mowing 

(Knopf, 1991). 

Unlike turfgrass species, water-use 

assessments for trees and shrubs are 

lacking (Beard, 1992; Ferguson, 1987; 

Lindsey and Bassuk, 1991 )49. Rough 

estimates can be obtained by calculating 

the available moisture potentialSO for a 

given soil texture. Figure 2.2 indicates 

that 20 to 25% of rainfall will be 
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Figure 2 2 Relallve available water ln aolls of dlfferenl textures 
(from Kozlowakl, 1987, alter CellieU, 1983) 

available for plants in a loam soils1 . By calculating average annual rainfal! for the reglon 

during periods of evapotranspiration, the soil's available water content can be determlned 

For example, an average annual rainfall accumulation for Ottawa during months wlth ET 

48 According to Cobham (1990), annual pruning is not only 
unnecessary bue it destroys the formation of a closed weed
suppressing canopy. 

49 According to horticulturalists Chong (1993) and Perumel 
(1993) , computer programs for calculating water requirements do not 
yet exist. 

50 Hightshoe (1988) defines available moisture potential as 
"the capacity of soil to hold water available for use by plants" • 

51 Hausenbuiller (1985) and Harris (1983) indicate the same 
available water content for loam soils. 
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rates IS 52.8 cm (The Toro Company, 1966). Approximately 25% will be lost through 

evaporation and 50% through percolation and run-off (Robinette, 1984). A mulch will 

decrease evaporatlon loss by 43% (Smith and Rakow, 1992). Therefore, available water 

for this example is 18.8 cm. According to Hightshoe (1988), many tree and shrub species 

require less than 15 cm of available water2
• 

Since the avallable water estimate is calculated from rainfall averages, it does not 

account for occaslonal drought periods which would require additional water. A further 

limitation of this approach is that it does not aceaunt for specifie wind, radiation and 

temperature data (Chong, 1993). ET rates are affected by sunlight, air temperature, wind 

speed and humidlty (Lindsey and Bassuk, 1991). For example, for every 6 oC temperature 

tncrease, water loss doubles (Coder, 1990). Although water availablhty may fall below the 

plants ET rate during a drought period, most species can tolerate water deficits of 50% 

of their ET rate without critical long-term effects (Harns, 1983). 

Woody plants have extensive root systems, so they can draw water from a larger soil 

area than relatlvely shallow-rooted turf. Therefore, turf needs to have regular irrigation 

(Welsh, 1991; Thayer and Richman, 1984) IInlike trees for which Starbuck (1992) and 

52 Species which would require no additional water beyond 
rainfall in this example include; Abies, Betula, Carya, Catalpa, 
Celtis, Crataegus, Cornus, Fraxinus, Gleditsia, Ostrya, Pinus, 
Populus, Prunus, Quercus, Rhus, Ulnus and Viburnum. 
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Cobham (1990) recommend watering only on an as needed basis during drought53 

According to Starbuck (1992), established trees need little attention most years, because 

they draw water from deep ln the soil profile 54. 

White most turfgrasses require regular fertilization, recent research shows that most 

varieties of shrubs and trees do not benefit from fertihzers, peat moss or other soit 

boosters (Rubin, 1989). Healthy trees and shrubs do not need annual fertlhzation. 

Fertilizers should only be applied when growth is poor and the problem can not be traced 

to anything else (OMAF, 1990; WEPD, 1992). 

Despite the negative impact of herbicides on the water table, commercial maintenance 

companies use them because they reduce labour costs, since hand-weeding takes five 

times longer than spraying (Cobham, 1990). However, most established plants with 

closed canopies exercise their own weed control, slnce weeds generally Invade exposed 

soil (Cobham, 1990). Therefore, groundcovers and shrubs should be planted densely to 

reduce the area of exposed ground during establishment (Thoday, 1982, Smlthers, 1988) 

White dense plantings alleviate weed problems, thus causing reduced annual costs, they 

also result in higher initial costs. Thus, a trade-off should be made belween tlme, cost 

and matarial consumption. 

53 Irrigation of established shrubs is seldom necessary 
(Cobham, 1990) • 

54 A list of water-conserving shrubs from Toronto's Queen's 
Park Demonstration Garden is shown in Appendix Two. 
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A cheaper solution to eliminating exposed soil patches during establishment may be 

mulching the plant bed. Mulch acts as a physical barrier to weeds in addition to ail its 

other benefits, whlch include the reduction of soir temperature, evaporation, run-off and 

soil compactlon Sy ehmlnating bare soil though dense plantings or mulch, weeds will not 

be a problem (Ortho Books, 1990). Weed control will be minimal after canopy closure. 

Given the conservation objectives of this study, weed prevention is preferable to herbicide 

use. 

2.4 SELECT SPECIES ADAPTED TO LOCAL CONDITIONS 

According to Hansley (1991), plant selection is the most important criteria for determining 

the amount of maintenance a tree will require. If plants have been appropriately selected 

and arranged, maintenance is likely to be needed for aesthetic rather than biological 

reasons after establishment (Cobham, 1990). For example, if trees are selected that only 

grow as large as the site or design allows, pruning will be minimal (Hensley, 1991). As 

iIIustrated by the calculation of water requirements earlier in this chapter, matching trees 

with local climate conditions can eliminate the need for irrigation. The environmental 

requirements of various tree and shrub species from Hightshoe (1988) are shawn in 

Appendlx Three. 

Although disease and pest attacks cannat be predicted in advance for woody plants, 

epidemics are much rarer with a greater species diversity. Avoiding certain species that 

are susceptible ta pests and disease is the best approach. Although a few diseases and 
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pests affect healthy plants, most attack only plants that are weakened or low ln vigour 

(Harris, 1983). Moreover, the mixed nature of the plantlng usually means that disease 

attacks are rarely severe or even noticeable (Cobham, 1990) 

Raupp et al (1985) found a 94% reductlon 
Genu\ 

.;-__ .;;;";;' ;.;;;")~~' '~' ;,;.;'Hl~ 1 pc' ---~ 
Malus __ -------

in pesticide use when an Integrated Pest 

Management (IPM) approach was 

substltuted for spraying. Sy Identlfylng 

"key" plants for local conditions, the 

implementation of an IPM program can be 

greatly facllitated. This can be 

accomplished by avoiding certain plant 

genera. For example, Figure 2 3 indicates 

that Malus had the highest frequency of 

problems, while VI!:Jurnum had the lowest 

Most of the more tolerant species are 

Pyr.tcanlha 

Comtl~ 

Prunus 

1 uonymll~ ~-------

Rh.lJndcndron __ -=--==--==_::::_-==-=---
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native, while the majority of susceptible % of 1'1.101\ 10 (il'nu, Wllh "l"1 l'rohlcOJ\ 

Figure 2 3 Frequency 01 pest, dlsease or Improper culture 

species are introduced specles Accordlng problems by five IPM programs (Irom Raupp ct al, 1985) 

J 

to Raupp et al (1985), "Sy substltutmg problem free genera for problem prone ones, 

landscape planners will greatly reduce the long-term problems and costs assoclated with 

maintainlng the landscape" Although regional dlfferences will affect the plant's 

susceptibility, certain specles are more problem-prone than others (Raupp et al, 1985) 
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Deep-rooted species with high root to shoot ratios are best able to cope with water stress 

(Kra mer, 1987) Evergreen plants are usually more drought tolerant than deciduous plants 

(Clark & Kjelgren, 1990) Many comfers are tolerant of low soil fertility because of an 

efficient internai system for cycling what few nutrients are available (Cobham, 1990; 

Thorne and Huang, 1990). 

When properly slted, native species are generally better adapted to local climate and soil 

conditions and more reslstant to local pest and disease than exotics (MNR, 1990). Native 

plants have adapted to the insect, disease and climatic environment through thousands 

of years of mutualliving (Dorney, 1985). For example, native species attract more pest 

predators, such as birds, than non-natives (Dorney, 1985). However, the use of only 

natives IS not always preferable. Native plants will not always be best suited to the given 

site, particularly with urban sites, where environmental conditions have been altered. Not 

ail non-natives require more water, energy and chemicals to stay healthy. According to 

MNR (1990), it is generally preferable to use native species and substitute suitable 

exotics where necessary. 

2.5 GROUP PLANTS IN LAWN-FREE MUlCHEO BEos 

Specimen trees nsing from an open grassed sward evokes an image of traditional urban 

plantings (Hough, 1984) as shown in Figure 2.4.55 Although grasses may not seem to be 

55 This approach is common because it permits maximum use of 
the ground plane (Hough, 1984), in addition to evoking immediate 
visual impact and the clean, green image discussed earlier. 
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a serious competitor for trees, their 

root systems enable them to out-

compete trees for soil moisture and 

nutrients (Bradshaw, 1986). 

Turfgrasses dominate the root zone 

and lead to drought-stress even 

under established trees (Saines, 

1986, McGuirk, 1992). The nature of 

37 

Figure 2 4 The conventlonal option specimen trecs rlslng out 01 a lawn 
(adapted from Padolsky, 1988) 

soil structure usually causes roots to grow best near the sOli surface (Watson, 1989) For 

undisturbed soils, root growth is optimized in the top 30 cm, whlle in poor 50115, the best 

growth is in the top 15cm (W3tson, 1989).56 A light, weekly application of 2 5cm of water 

will be mainly taken up by turf and never reach the tree's roots (Starbuck, 1992). 

Gra •• Mulch 
~~ -, t. 

, '1 1 

Figure 2 5 Complnlon of tree root 
denlity in top loilllye~ under grass and 
mulch (from Wltlon, 1989) 

Watson (1989) conducted a study of the extent of 

competition between tree and grass roots Figure 2 5 

shows greater root density in trees grown ln organlc 

mulch and even bare 5011 compared to those grown ln 

turf (Watson, 1989) Turfgrasses suppress tree root 

growth by up to 90% ln the top few Inches of soil whlch 

facilitate optimum amounts of water and oxygen 

56 This is less problematic for deep-rooted trees, such as 
Oaks. 
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Planting ln turf also increases compaction around the roots due to pedestrian circulation 

(Kramer. 1987) This stress renders the tree prone to insect and disease problems. In 

addition. Isolatlng plants Increases the ET potential since the relative humidlty surrounding 

the tree IS lower than in the closed canopy of a tree grouping (Clark and Kjelgren, 1990). 

Moreover. Indlvldual shrubs and trees provlde less valuable cover for wildlife than 

grouped plantlngs (MNR, 1990). 

ln addition to turf-free zones around trees, hard-surfaces should be avoided within the 

tree root zone ln urban environments root zones are restrrcted due to containerisation 

or proximlty ta pavement For example. a 1 a.6m high tree would require a planting area 

7.6m ln diameter and one metre deep in a sandy loam soil to supply enough water ta the 

raots (Kramer, 1987). This is considerably less space than street trees and other urban 

plantings typlcally occupy. 

Moisture, nutrrent and exposure problems can be alleviated by grouping trees in mulched 

beds or ln non-competitive groundcover beds. Mulching will reduce the need for weed 

suppression. water and nutrition in addition to giving the bed a finished appearance prior 

ta achievlng groundcover closure. Although shrubs, groundcovers or perennials also 

compete with trees when planted ln tree root zones, their roots are similar to tree roots. 

Thus, each plant IS at less of a disadvantage than when planted with more vigorous 

turfgrass specles (Watson, 1989). Maintaining a weed-free area of at least a one metre 
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diameter around the base of establishlng trees and shrubs IS also recommended ta 

alleviate competition (Cobham, 1990). 

The raie of mulch in reducing weeds IS 

demonstrated in Figure 2.6 whlch 

compares a weed count of various mulch 

types against a 1.5m2 control plot wlthout 

mulch (Billeaud and Zajlcek, 1989) Whlle 

the weed count for the control plot was 29, 

that of the pinebark nugget mulch test plot 
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Figure 26 Effect of mulch type on weed coun! Weed counl 
ln contol plot, wrth no mulch WilS 29 (trom Blilcaud ilbd 
ZaJlcek. 1989) 

was one. 57 After groundcover and shrub planhngs are estabhshed, the closed-canopy Will 

control weed invasions (Thoday, 1982). Therefore, mulchlng reqUirements Will be minimal 

ln addition ta controlling weeds, mulches improve sOli mOlsture, regulate 5011 temperature, 

promote aeration, reduce erosion and boost sOli nutnent levels Accordlng ta Billeud and 

Zajicek (1989), mulching costs can be recouped after one year, through reduced 

maintenance requirements. A study comparing the use of dlfferent mulch matenals wlth 

bare sail plots indicates the following benefits. mOI sture ln mulched plots was 

approximately twice as high as the bare sail plots, the summer temperature was reduced 

57 A study by Smith and Rakow (1992) indicates that increasing 
mulch depth beyond the optimal 3.8 cm increases water-loss saving 
only marginally. The detrimental effects caused by oxygen reduction 
will out-weigh the benefits of increasing this depth. 
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by 8 ta 13° F and the average time required to remove weeds was reduced by two-thirds 

(Smith and Rakow, 1992). According ta a study by Smith and Rakow (1992), applying a 

35 cm mulch layer resulted in reduced evaporational water loss ranging from 27% ta 

50% relative to a bare sail control plot. 

Water-use efficiency can be 

achieved by grouping plants 

according to hydrozones58
• 

ZOnlng should respond ta the 

followlng factors' Intensity of 

human activity and visual impact 

as weil as site constraints such 

as slope, drainage, shade and Figure 27 HydrozoMI (from Ferguson, alter Thayer and Rlchman, 1984) 

Wlnd (Ferguson, 1987). For example, water-Ioss through ET can be reduced byalmost 

50% when turfgrass is located in full shade (Beard, 1992). Figure 2.7 illustrates four 

levels of irrigation intensity associated with site requirements and human activity. The 

principle hydrozone accommodates the greatest level of human impact and the largest 

subsequent water and energy useS9
. Secondary zones accommodate less intense activity 

and visual impact. Minimal and elemental zones require the fewest inputs. 

~s Aecording to Thayer and Riehman (1984), hydrozones are areas 
of a given site with similar water requirement intensities • 

..,q This generally should oceur in the rear yard, not the front 
yard where turf is often used as a visual groundeover (Reie, 1991). 
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2.6 USE HARO-SURFACEO AREAS 

ln addition to well-adapted woody plants, hard surfaces can be a low-maintenance 

alternative to turf. Concrete surfaces normally require little more than annual cleaning and 

brushing (CMHC, 1982). Unit pavers may need to be replaced if cracking occurs Since 

mortar is not used in most unit paver applications, damaged blocks are simply replaced 

and sand is brushed back between the space Gravel and stone dust reqUire frequent 

maintenance including weeding, raking and annual topping Paved areas reqUire 

sweeping, washing and weeding (CMHC, 1982) 

While significant annual savings can be achieved by replacing lawns wlth hard surfaced 

• areas, the additional capital costs associated with various surfaces cause long payback 

periods. A study from shown in Table 2.6 compares the number of years ta ken ta recoup 

the additional capital cost of lawn alternatives, through reduced maintenance. The flve 

hard-surface treatments exhibit the longest payback times 

Payback periods of lawn alternatives (Cobham, 1990 adapted trom Parker, 1982) 

Surface Relative index of Relative index of Break-even' pOint 
capital cast annual maintenance cast (years) 

Smalilawn 1.0 0.25 not applicable 
Groundcover 2.0 0.05 5-7 
Shrubs 2.8 0.06 8-11 25 
Hoggin 4.0 0.03 12-14 
Conerete 5.0 - 14-16 
Tarpaving 7.0 -
Various pavings 12-20 - >20 
Cobbled concrete 30.00 -

• Gang mown grass 0.25 - nat applicable 
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Xeriscapes have become a popular low-maintenance alternative particularly in the arid 

Amerlcan south-west. In addition to reducing water consumption, following xeriscape 

princlples reduces the need for other materials such as fuel, fertilizer, herbicides and 

pesticides. The following summary of xeriscape principles from Reic (1991) and MNR 

(1992) resembles that of the low-maintenance alternatives discussed earlier: 

• limit use of turf areas only for specifie social and recreational functions; 

• select water-efficient plants suited to the local site conditions including climate, soil type 

and site drainage, 

• group trees, shrubs and groundcover in beds rather than in isolation; 

• • group plants with similar water requirements into hydrozones; 

• use mulches to reduce evaporation and prevent weed growth; 

• use an efficient irrigation system that prevents water 1055 through evaporation and 

surface run-off and 

• improve the soil's water holding capa city . 

If xeriscape principles are Tabl. 2.7: Wat.,-u •• comparlson (from 

implemented, it is reasonable to 
Ferguson 1987) 

Plant type Water-use reduction 

expect 60% to 70% water savings 
compared to lawns 

- xeric native plants 73% 

(Ferguson, 1987). However, in many - average tree and shrub 30% 
- groundcover 23% 

clilTlatic regions, the water - vines 39% 

• requirements of mesiscapes can be 
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supplied entirely by rainfa" (licht, 1990). Ferguson (1987) compared the water 

requirements of four plant options shown ln Table 2.7 with those of lawns. This shows 

that xeric native plants show impressive savings when compared to lawns 

A comparison of annual water-use by McPherson et al (1990) showed that for eqUivalent 

areas, the fo"owing irrigation requirements could be assumed 76cm for mesl~capes, 15.2 

cm for xeriscapesand 114.3cm forlawns McPherson et al (1989) compared the Irrigation 

cost of three landscape alternatives: a zeroscape60
, a shrub bed and a lawn Water 

consumption for the shrub beds was 7% that of the lawn and only shghtly hlgher than the 

zeroscape alternative. While this study was conducted in the Amencan south-west, the 

figures compare relative requirements which are relevant ln other locations The I",tiators 

of the Xeriscape Demonstration Garden at Toronto's Queen's Park, predict that water use 

will drop by 74°" as compared to the water used prevlously (Erskine, 1992) 

A study by the North Marin California Water District compares the resource consumption 

of corwentional landscapes with low-maintenance alternatives. The study compares the 

use of water, labour, fertilizer, fuel and herbicide for traditlonal landscapes and water-

conserving projects. The water-conserving design critena were as fo"ows 1) "mit use of 

turf in narrow pockets, 2) limit turf to less than 40% of the totallandscape area, 3) locate 

turf only in one area with turf perimeter not more than 30 linear feet and 4) replace turf 

with beds of grouped water-conserving tree and shrub vanetles Water-Ioving plants were 

60 Zeros capes are inert landscape designs which require no 
water. 
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located in drainage zones and shaded areas. Appendix Four indicates the following 

savings: water was reduced by 54%, labour by 25%, fertilizer by 61%, fuel by 44% and 

herbicides by 22% (Nelson, 1987). Overall 

savings were $75.00 per Unit per year 

over a total cost of $213.00 for the 

traditional option. This represents a 35% 

reduction in cost Figure 2 8 indlcates the 

tremendous saving potential of the 

alternative designs in water-use alone. 

2.8 CONCLUSION 

Wa.er applled "om/monlh 
30r-~----------------------

26 

20 

16 

Mar. "... May .lune .Iuly Aug. Sepl. Oc.. Nov. 

- Tr8CIlllonal ~ Wa.er Con •• rvlng 

Figure 2 8 Companson of water-use for tradrtlonal and water
conservlng landscapea ln Marin County Cahforma (Nelson, 1987) 

This discussion offers a rationale for selecting well-adapted woody plants grouped in 

mulched beds as a low-maintenance alternative. It also defines the conventional option 

and the ecological relationships which cause its higher consumption rate_ One of the main 

cnteria for reducing maintenance inputs is limiting lawn areas. The Impact of replacing 

lawn areas partially and completely on both initial and annual costs, as weil as the need 

to mitigate for the 1055 of socializing space, will be investigated in the simulations. 

The principles discussed in this chapter will be incorporated into the simulations. Each 

alternative will be assessed for both co st and resource consumption in current values 

pertaining to local site conditions. In the next chapter, principles which explain the saving 

potential of naturalized landscapes will be discussed . 
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CHAPTER THREE: LlTERATURE REVIEW: NATURALIZATION 

3.1 INTRODUCTION 

ln the previous chapter, principles for implementing low-malntenance landscapes were 

discussed. In thls chapter, principles for naturahzed landscapes Includlng woodlancf' and 

tall grass prairie62 will be discussed. These pnnclples will determme the cntena for the 

simulation of Alternatives 1 to 4 and the Conventlonal Option. Ratlonale for selectlng 

these alternatives will be provided by showing their saving potentlal based on results of 

implemented examples. The physlological and ecologlcal relahonshlps between plants 

and their environments will explain the reduced need for maintenance The tlme and 

materials consumed in annual maintenance, as weil as the results of other examples, will 

indicate the saving potentlal of the naturahzed alternatives. Detailed, site speciflc cast and 

resolûce comparisons for the simulations will occur in Chapter Four 

3.2 BAcKGROUND: ECOLOGICAL SUCC~SSION 

Bradshaw (1984) summarizes the basics of naturalization in hls statement 

"What ultimately survives in nature is that which IS best fltted to ItS envlronment 

50 if we attempt to model landscape design on natural systems and use natural 

processes to achieve deslred end-points, we are more hkely to produce reslhent 

61 Aeeording to Dorney (1980), a woodland garden emulates the 
dynamics, textures, seents and colours of local, indigenous 
hardwood forests. 

62 Kline and Howell (1987), define ta11 grass pra~r~es as 
Itbiologieal eommunities dominated by grasses .... Among the grasses 
are an array of herbaeeous, non-grass-like flowering plants, 
eollectively called forbs". 
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and self-sustaining solutions." 

Following the clearance of vegetation by human or natural causes63
, plants recolonize the 

site in a relatlvely predictable manner. Ecological succession is a model used to describe 

this processs", which is Illustrated in Figure 3.1. 

Sllae 1: weed8 
~,dry, mrenlle condltlonl Illrllnl 
10 be mndored by.-t lrtJW1h 
-fl"!lPOIlle hy Ieed. 

SIIF 2' pIoneerwoody 
-rI!OI st_Ion Ind clonin, by woody ""nll 
.. un-loIe,.nl, fUI-lrowInllpeca 
-edlble berriell .. ,.ctlnl bu" 
-_ fertile Ind lhellered mlc:ro-cllmlle 

SIIF 3: lubcllmu 
.. 1IIde loIennl, di_ lpedel mllin, 
wllh pIoneerl~ 
-fertile, molli undenlorey dewelopilll 

SlIae" cUma 
-telf-reprodudnl 
_munity of Illide loIennl 
qIIlaul binillablhli 

Figure 3 1 Stages of wood land development through ecologteal succession (adapted from Dorney, 1980) 

The usual sequence of recolonization after clearance begins with species which tolerate 

exposed, windy, dry and infertile conditions. These annuals regenerate by numerous 

widely dlspersed seeds. As soil quality and micro-climatic conditions are altered155
, 

b \ Vegetation clearance can be initiated through many factors. 
For example, mowing is a form of clearance. It reverts the plant 
community to an early successional stage on a cyclical basis. It 
brings ruderal and competitive species into prominence (Rorison and 
Hunt, 1980). 

64 According to Grey 
simplifies the complexity 
growth, however, it can 
naturalization. 

(1992), this model unrealistically 
of variables involved in community 

be used to explain the basics of 

65 Weeds improve soil quality by: retaining moisture, 
protecting it from evaporation, fertilizinq it annually with dead 
weeds, thus, encouraqing microorqanisms (Spirn, 1984). 
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perennial species out-compete the early invaders as they become more adapted to the 

new site conditions. As these species create a canopy for shade-tolerant plants, they 

squeeze out less shade-tolerant species and prevent thelr re-entry. Pioneer specles, 

including poplar and birch, continue to modify conditions by contributmg to the bUild-up 

of nutrients, moisture, protection and shade. Finally, the climax species, whlch are 

generally hardwoods, such as maple and beech, establish themselves. At thls point, 

environmental conditions will remain relatively stable Long-term maintenance of 

naturalized areas is aimed at preventing the development of competing vegetation and 

ensuring desirable form (Cobham, 1990). 

ln climatic conditions which favour woodland communities, this process would normally 

require 100 to 235 years without human input (Dorney, 1980). However, wlth planting, 

weed control and limited maintenance at the beginning of the process, a woodland can 

be achieved within 10 to 20 years (Dorney, 1980). Tall grass and wildflowers communitles 

would naturally require 20 years ta establish into a self-reproducing state. However, wlth 

initial intervention and limited long-term maintenance, a taU grass prairie community can 

be established in three ta five years (Kline and Howell, 1987). According to the City of 

Ottawa (1993), planted and managed woodlands and prairies require 10 ta 25 years and 

two to three years, respectively. 

Managed Succession 

Naturalization differsfrom standard horlicultural procedures, which create artificial growing 
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conditions for individual plants rather than for the overall health and longevity of plant 

communities (Hough et a', 1982). Conventionally, trees are planted in environments that 

are different trom the moist, shaded, protected forest in which they evolved66
. In nature, 

trees grow in communities or groups in which mutually dependant plants adapt to similar 

environmental factors (Dlekelmann and Schuster, 1982). The conditions of natural plant 

communities can be used as a model for landscape design. Managed succession aims 

to give natural succession a helping hand by speeding up the early stages and sketching 

out the more attractive ones (Saines and Smart, 1984)117. After an initial planting, ground 

preparation and early management. the plant community is virtually self-perpetuating 

(Hough et al, 1982) . 

Specimen trees set apart on mown lawns are a key element in the conventional 

landscape. However, when these trees die, nothing is left in their place. Since they 

cannot regenerate themselves in this environment they must be removed and replaced 

at great expense (Spim, 1984). An advantage of naturalization over the conventional use 

of vegetation is that the costly replacement of plant material is eliminated. Since 

conditions are favourable for plants which propagate by seed68
, runners69

, root extensions 

66 Trees should be planted wi th moisture loving groundcover, 
which emulates the forest floor, rather than grasses (Watson, 
1989) • 

61 Naturalization involves varying degrees of human 
intervention. For example, the city of ottawa (1993) defines four 
naturalization categories, ranginq from abandonment to managed 
succession, referred to as Open Area Reforestation • 

68 Most trees seed every one to four years (Dorney, 1985). 
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orcloning, human intervention is limited. These communitles are vlrtually self-perpetuatlng 

(Dorney, 1985). According to Dorney (1985), a tal! grass prairie will produce enough seed 

by the fourth year to double its slze and be self-sustalnlng. Thus, after establishment, 

replacement is unnecessary, unlike conventional plantings whlch reqUire replacement 

While the previous description may evoke 

images of many acres of land, the owner 

of a standard suburban residence can 

create a woodland or prairie garden 

because the princlples of establishment 

and maintenance are similar. According ta 

Dorney (1980), woodland gardens can be 

established on areas as small as 20m2 and 

the minimum practical size for prairie 

gardens is four square metres. Even on 

small plots, species diversity is impressive. 

For example, Larry Lamb has noted the 

persistence of 270 species on hls 27.6m2 

residential prairie garden in Waterloo 

(Hoepfner, 1992). Figure 3.2 shows 

Spadma SUbwdy 
Stallon 1 

(AI ---- l " 

___ J 

Figure 32 Ecology Houle, Toronto top, contcd map 
bottom, land.cape plan (from Gordon, 1990) 

Ecology Park, wlth its woodland and tall grass prairie, on a dense downtown Toronto site 

69 According to DeWolf (1987) a runner is a prostrate shoot., 
rooting at its nodes. 



• Naturalized plantings can be established through the following princlples: 

WOOD LANDS 

1. plant small stock at close spacings 
2. mix pioneer and climax species 
3. select species from a regional native landscape 
4. control weeds before planting 
5 avoid sOli amendments 
6. maintain by thlnnlng 

TALL GRASS PRAIRIE 

1. establish tal! grass by seed and wildflowers by transplants 
2. control weeds dunng planting and avoid soil amendments 
4. malntain by burnlng or mowing and weedlng 

3.4 WOODLAND 

Ottawa, the location of the study site, is located in the 

50 

• Great Lakes-St. Lawrence Forest Region (Hosie, 1979)70. 

• 

These mixed declduous and coniferous forests includes 

pine, birch, maple and oak. This community is 

charactenzed by trees, shrubs and groundcover 
Figure 3 3 Map of Great Lakes-St 
Lawrence Forest Region (from Halle, 
1979) 

interdependent for shade, wind and erosion protection, moisture and nutrients71
. The 

following principles should be followed for the successful implementation of a naturalized 

wood land 

70 Since the simulation site is ottawa, only plant communities 
appropriate for this region will be discussed. 

71 The fore st floor consists of rich, humus-laden soil created 
by generations of fallen leaves and decaying trees and shrubs 
(Dorney, 1980) 
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3.4.1 Plant Small Stock 

Convention al planting caUs for nursery grown, bail and burlap trees ln addition ta the hlgh 

initial expense assoclated with staked standards, uSlng relatively mature stock results ln 

high mortality rates and replacement (Insley and Buckley, 1986) For example, a study 

of replacement rates of roadslde plantings over five years indlcates that 26% to 40% of 

plants needed replacing. Accordmg to Saines and Smart (1984), Inappropnate plantlng 

techniques and maintenance have lead to perhaps a 70% to 80% death rate wlthln the 

first ten years of a tree planting. 

According to Watson (1987), as much as 98% of the root system 15 typically lost dunng 

transplanting. Smce nursery production techniques encourage low root to shoot ratios, the 

root systems' abllity to supply enough water and nutnents to the above ground parts of 

the tree to sustaln vigorous growth is impeded The greater the Imbalance between root 

and crown, plant growth and long-term health IS Impeded Accordlng ta Scott (1986), 

studies show that two-year seedhngs catch up to older standards wlthln three years with 

healthier growth and more natural form, as shawn in Figure 3 4 

A more co st-effective alternative to mature nursery stock whlch results in lower mortaltty 

rates and less maintenance is the use of bare-rooted seedltngs72
. Among the seedlings, 

72 Seedlings are grown in a nursery or protected environment 
and transplanted on site. They are younger and smaller than 
standard nursery trees. Baines and Smart (1984) recommend 
transplanting two-year seedlings approximately 50crn in height . 
Seedlings planted in the NCC's South-west Transitway reforestation 
project were 1250cm tall (Corush et al, 1987). Although least 
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sorne larger standard stock can be planted to creélte more 

Immediate visual structure and variety during 

establishment (Cobham, 1990). Moreover, this size variety 

more closely emulates the growth of a natural forest 

canopy. The experience ln many Dutch city park 

naturahzatlon Pro18cts has been that initial costs were kept 

down by planting massive quantltles of young seedlings 

and relatlvely few of the more expensive large trees 

(Splrn, 1984) 

3.4.2 Mlx Pioneer and Climax Specles at Close Spacings 

52 

':&~.~: ., . ~ . • :a.. 

Figure 3 4 Top two-year old seedllng 
(Iell) and standard tree (nghl) al planllng 
tlme, Bollom same two or Ihree years 
laler (from Balneb and Smart, 1984) 

While many approaches for estabhshing woodlands can be taken, planting is generally 

imtlated wlth pioneer species for the followlng reasons: they can tolerate exposed light 

and wind conditions, they are fast growing and they quickly establlsh a protected, fertile 

mlcrocllmate for climax species. Once pioneer species are established, the sensitive 

climax stock can be planted. Hough et al (1989) conclude;d that greater survival rates in 

the NCC Transltway Corridor test plots were achieved when an Initial pioneer planting 

expensive initially, direct seeding on-site is often problematic 
because of hostile, exposed environments and competition by other 
species if not planted into an existing canopy (Insley and Buckley, 
1986) • 
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was allowed to establish an environ ment conducive to future hardwood plantrngs73 

Alternatively, pioneer and climax species can be planted 

simultaneously, as shown in Figure 3 5 While this mix resulted 

in lower survival rates in the test plots, planting can occur in 

one operation, rather than over several years Aiso less thlnnlng 

and removal of pioneer species is needed after canopy closure 

Appendix Five shows an Initial lay-out and plant hst mixlng 

pioneer and climax species. In addition ta this dense matnx of 

pioneer species, initial plantings should include an edge of 

shrubs. This provides not only an aesthetic finish ln an urban 

context but prevents harsh winds from penetratlng the Intenor 

This also assists the control of weedy invasions (Darney, 1985, 

Hough et al, 1982). 

SIAL.!: 1 l>IJlJII.t ... "nl - plon."r 
---- illhlllim .. H, !tllet!('I\ mt"e,t 

STAtll ... • (JnOJlV \ 1t)'loW.' 111111 

IhlnllllHI 

S J~hl j nnWdfll 

Md{url~ ( Ilnll). WlklllldlHt 

l1cveIO',"lelll 

Figure 3 'i Planltng and 
malnlcnance slralcgy wlicn climax 
and pioncer SfJCCICS planletl al Ihe 
samc lime (from Hough cl al. 
1987) 

If initial plantings are closely spaced, weed control during establishment Will be reduced 

However, the need for long-term thinnmg74 increases (Cobham, 1990) For example, 

results for the NCCls South-west Transltway COrridor, showed that dense spacrngs of 1 5 

73 According to Baines (1986), when attempts ta establish these 
species are made witheut the benefit of this clasure, mertality 
rates are high. 

74 According te Cobham (1990), thinning is the selective 
removal of young trees or branches to promote more open ferm and 
encourage desirable tree species. 
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m centres exhlbited the highest growth rate (Hough et al, 1989fs. This density results in 

a greater Initiai Investment and a greater 

need for thlnnlng and removal after 

establishment However, dense plantlngs 

rapldly suppress weeds and generally result 

ln a higher growth rate ln both pioneer and 

hardwood specles 
Figure 36. Dense woodland plantlng at Eco-Piani ltd, 
Waterloo (from Dunlter, 1990) 

Observations made through the South-west Transitway Corridor test plots planted in 

1983, determlned the most successful strategies for establishing woodlands in the region. 

These strategies were incorporated into the 1988 planting of the transitway. In addition 

to determlnlng optimum size and spacings, an optimum species mix was incorporated into 

the 1988 plantlngs Declduous and coniferous species were mixed, as shown in Appendix 

SIX Pioneer and climax specles were planted simultaneously (Corush et al, 1987). After 

the taster growing pioneer specles are thinned out, the mature woodland will consist 

mostly of climax species 

3.4.3 Select Species From a Regional Native Landscape 

One of the keys to naturallzing is the selection of plants which are able to grow and 

reproduce wlthout compromislng the vitahty of others. This will create a habitat within 

whict"l the need for routine care is minimized (Diekelmann and SChuster, 1982). Usually 

1" Seedl ing spacing in the 1988 planting was also at 1.5m 
centres (Corush et al, 1987). 
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this will involve modelling plant selection after species found in local communitles which 

are native to the region. However, each site beglns with unique envlronmental conditions 

which may not be appropriate for species native to reglonal forests. Specles that are 

appropriate for a forest in this region are shown in Appendix Six. 

3.4.4 Control Weeds Before Planting 

Controlling weed competition is fundamental to the successful establishment of wood land 

plantings. Unlike turf, which requires continuous weed control, the woodland garden 

requires more intensive control during initial establishment but generally no control 

afterwards. Until canopy closure, weed control Will be necessary. However, by the thlrd 

year, a low canopy will close, thus ehminating the area of exposed, infertile sOli This 

creates conditions which favour more desirable specles and reduces competition from 

invading weeds (Dorney, 1980). 

Two approaches to weed control can be taken: mechanical and chemical Mechanlcal 

control involves hand or machine pulling of weeds. Chemical treatment Involves Initiai 

application of a residual herbicide prior to planting with one application annually for the 

first three years until canopy closure (Hough et al, 1982). Whlle hand weedlng IS tlme 

consumlng 711
, regular chemical control runs contrary to the conservation objectives of this 

study77 • 

76 Hand weeding takes approximately 23 minutes for a 100m2 plot 
before establishment (Cobham, 1990) 
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A study of the cost benefits of cultivation treatments shows that the greatest net growth 

per dollar spent occurred when the herbicide Simazine was applied at a rate of three 

pounds per acre (Van Althen, 1971 cited by Hough et a', 1982). Manual weeding and 

black polyethylene weed barriers were the most expensive weed control options. The 

savings caused by chemical controls is due to lower labour expenditures compared to 

manual weeding and lower material costs compared to weed barrier and mulching. If cost 

reduction is the main objective and the maintenance is performed by a hired team, 

herbicides are recommended over mechanical methods because of time-efficiency 

(Haggar, 1980). 

Weed prevention is less time consuming and environmentally damaging than the weed 

control measures described above. Plastic sheeting around plant bases provides a highly 

effective weed barrier (Hough et a', 1982). The use of biodegradable material, such as 

leaf mulch or newspapers, will also help control weeds and improve the soil's organic 

content. In the NeC study, black, perforated polyethylene sheeting was one of several 

ground preparation techniques". Shredded bark mulch covering the plastic improves the 

appearance. This proved to be the most successful weed control method (Hosler, 1993). 

Despite higher initial costs, these are easit,. offset by its effectiveness in reducing weeds 

77 Approximately 1.9 litres of herbicide will be consumed in 
this spot spraying (Cobham, 1990). 

1A The plot covered with a woven fabric weed barrier suffered 
weed problems and substantially less C!rowth than plots covered with 
perforated black polyethylene (Hosler, 1993). 
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(Hough et a', 1989). 711 This technique was implemented in the 1988 transitway plantings 

(Corush et a', 1987). 

According to Baines and Smart (1984), it is much better to eradicate competition from 

weeds before planting than afterwards. Months before planting, the area should be 

sprayed with a non-selective systemic contact herbicide. Since an enormous reservolr of 

weed seeds lie dormant in the sOil, the dlsturbance caused by plantlng will trigger mass 

germination. Months later the site should be ploughed, dlsced and cultlvated Immediately 

before planting, another application of residual herbicide or a course mulch layer will 

prevent weed germination. This technique was the most successful site preparation 

method on the transitway test plots (Hough et a', 1988). It was also implemented on the 

1988 transitway planting (Corush et al, 1987). 

According to Scott (1986), the ground should be kept weed free for the flrst three years 

to reduce competition for pioneer and climax species By the second year, IIUle to no 

weeding is required, depending on how well-weeded the site was pnor to planting 

(Haggar, 1980). While public perception of naturallzed gardens often Involves tear of 

noxious weeds80
, these are assoclated with cultlvated land, poorly kept lawns and vacant 

79 A disadvantage of this approach is that the weed barr ier 
does not biodegrade. Although it photodegrades, the mulch covering 
prevents light exposure. Thus, if it is not removed manually, it 
will remain in-place (Hosler, 1993). 

80 Noxious weeds, such as ragweed and poison i vy, are 
classified as such because they May have adverse affects on human 
health (Hough et al, 1987). 
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lands. A biologically complex landscape with later successional species out-competes 

noxious weeds and therefore would not appear in established woodland or prairie gardens 

(Hough et a', 1987) 

3.4.5 Avold 5011 Amendments 

On construction sites or other disturbed lands, nitrogen will be in short suppl Y and soils 

will be compacted (Sradshaw, 1986). The conventional approach ta improving soif calfs 

for the application of topsoil. Accordlng to Saines (1986), this process is both expensive 

and often counter-productive. Topsoil will boost growth of herbaceous weeds which 

dominate the root zone and out-compete trees and shrubs for moisture. Trees planted in 

topsoil often die as a result of this competition (Baines and Smart, 1984). Standard 

procedure also calls for chemical nitrogen which leads to leaching and erosion, 

particularly in the absence of plant roots and surface vegetation (Bradshaw, 1986). 

According to Hough et al (1982) the alteration 

of existing soif by ac1ding fertifizer, peat moss 

and topsoll is to be avoided. The experience in 

Dutch naturalizatlon schemes shows that 

greater plant diverslty was achieve at 

considerably lower cost by avoiding imported 
~----------------------~~------~ 
Figure 37: N.turahzed open-.p.ce ln Dulch houalng, 

topsoil (Spirn, 1984) According to Saines and Delit (.d.pled from Hough, 198") 

Smart (1984) it is far easier to establish 
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woodlands on sub-soil or even crushed brick rubble than topsOil81
• 

An alternative to importing topsoil on nutrient-poor soils is the planting of a nurse crop of 

nitrogen tixing plants, such as clover or winter rye, prior to plantlng seedlings Nurse 

crops also aerate the sOil, (Hough et al, 1982) and do not contribute to leachmg82 The 

natural accumulation of organics through leat litter should mean that organics do not need 

to be added (Diekelmann and Schuster, 1982). After establishment, addltional fertilizer, 

organic matter and moisture content will be unnecessary because of the continuous 

decomposing, protective layer on the forest floor (Chernets, 1988). 

Aftar a thorough watering at initial planting, watering should occur after one week and 

every few weeks for the tirst year (Saines and Smart, 1984; Hough et al, 1982). Watenng 

during drought periods, is ail that is necessary after the tirst year (Hough et al, 1982). 

This policy proved effective in the 1988 transitway planting. Accordlng to Dorney (1980), 

once the root system of woodland plants are settled in, after the second or third year, no 

watering is needed. As the woodland matures, it mulches itselt, provldlng moisture 

retention and run-off reduction. Some signs of pest and disease may appear from tln,e 

to time, but native woodland stock that is vigorous can generally withstand these attacks 

81 A five Metre high canopy can be expected on nutrient-poor 
site within five years (Baines and Smart, 1984). 

82 While the NCC test plots indicate that annual grasses out
compete clover and lead to weed problems the following year, Hough 
et al (1989) stated that external circumstances may have led to 
this problem. Thus, no conclusions can be drawn about the 
effectiveness of the nurse crop. 
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with minimal damage This environment is more likely to attract birds and predatory 

insects that control pests than conventional landscape (Dorney, 1980). 

3.4.6 Maintenance by Thlnnlng 

The pioneer species that created the canopy for shade tolerant trees should be gradually 

and selectively removed. Followlng canopy closure, thinning is required ta prevent leggy 

growth and the suppression of slower growing species and create a multi-aged dynamic 

structure (Scott, 1986) On small sites with 

strong visuai contact, an important design 

consideration is the three-tiered layering of 

growth into canopy, middle-storey and forest 

floor (Diekelmann and SChuster, 1982). 

Damaged and rubbing or overcrowded 

branches on both trees and shrubs must be 

removed. Figure 38 shows the aesthetic 

affects of different thinning regimes. 

3.4.7 Cost Compartson Examples 

(al (bl (cl (dl (Il 

Figure 3 8 Flye thi"","g program. for yarious YI.ual effec!. 
(tram Tregay. 1986) 

According to the NCC's database of annual maintenance requirements (NeC ELM 1993), 

the annual maintenance costs for the South-west Transit Corridor plantings totalled $19 

428.00. In comparison, the database shows that an nuai maintenance costs for plantings 
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along the Aviation Parkway totalled $74 

791.00. These examples are both 

transportation corridors with similar functions 

However, the latter consists of conventional 

plantings, while the former is primarily 

naturalized. Therefore, the per hectare83 cost 

of maintaining them iIIustrates the saving 

potential of naturalized alternatives in 

comparison to the conventional option. The 

per hectare costs were $386.00 for the 

transitway and $2078.00 for the parkway . 

Soulh-weal Tf8naltway 

Avlallon Par1<way 

Figure 3 9 Companson of nalurahzed and convenllonal 
planllngs on two transportation cOrridors ln OHawa 
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The City of North York collected cost and maintenance data trom the planting and three 

year maintenance of 2 one-acre landscape plantings: one was a woodland and the other 

was a formai lawn and specimen tree planting. The cost of installation and maintenance 

for first three years84
, was $15 243 for the formai landscape, as detalled in Appendlx 

Seven. The naturalized landscape involved the planting of 1 000 bare-rooted hardwood 

species at one metre centres into existing turf. Mowing of turf was terminated except at 

83 The area in hectares was calculated from Facs Inventory site 
Summary (NCC ELM, 1993). only planted areas are included in the 
calculation of area and cost. 

84 Maintenance included weeding and frequent watering plus 
weekly mowing of grass, annual application of herbicides, pruning 
of shrubs and removal and replacement of de ad plant material. 
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path edges. The cost of planting and three year maintenancels of the naturalized 

alternative was $4429.00. In addition to these cost savings, energy savings in terms of 

equipment and fuel as weil as chemical and water use are desirable attributes of the 

woodland proJect. This data provides conclusive evidenee of the cost and resource saving 

potential of woodlands. 

Appendix Seven shows costing details for three naturalization projects. An estimate, by 

Hough et al (1989), of a 1985 woodland planting shows a $7.50 square metre cost for 

combined installation and first year maintenance. In comparison, the 1985 priee for 

installed sod was $6.45 per square metre (Hanscomb, 1985). Thus, in the 1985 example, 

the woodland installation cost slightly more than the turf. 

According to calculations from Hough et al (1990), the initial cost of installing 100m2 

woodland planting, wou Id have been $3540.00 in 1990. (Refer to Appendix Seven for 

costing details). Calculations shown in Appendix Eight, indicate that the maintenance 

requirements of a 100m2 wood land garden, average approximately 48 minutes annually 

for the first 15 years and 30 minutes for the next ten years. According to Parker (1986), 

the payback period of woodland plantings over turf is 20 years. A detailed payback 

analysis of the simulations which include woodlands will be discussed in Chapters Four 

to Six. 

85 Maintenar.ce consisted of a." annual hand-weeding of plant 
pits and application of liquid, rodent repellant. No watering was 
carried out. No other maintenance costs were foreseen in the 
initial ten years of the woodland establishment. 
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3.5 PRAIRIE 

Like woodlands, tall grass prairie gardens promote reduced annual maintenance 

compared to the conventional option. However, an advantage of prairie gardens over 

woodlands is that establishment is faste,.ae. Like woodland gardens, estabhshed prairie 

plants out-compete early season grasses and invasive annuals, such as dandellons, 

because of deeper roots and greater height (Dorney, 1980). 

Existing site conditions may favour prairie gardens over woodlands. For example, most 

species require six or more hours of full sunlight per day (Elmhirst and Caine, 1990) 

Without this, they will be replaced by more shade-Ioving species. Grassland specles tend 

to favour soils that woody 

species do not, i.e. those 

which are dry. exposed and 

infertile. Figure 3.10 

iIIustrates the visual impact 

of prairie gardens in a 
Figure 3.10: Prairie glrden It Llmb realdence. Wlterloo (from Hoepfner. 1992) 

residential context. 

3.5.1 Establlsh Grass by Seed and Wildftowers by Transplant 

While many sources recommend plantlng with a seed mixture of perennial grasses and 

wildflowers, commercial seed mixes from outslde the bio-region that are not adapted to 

96 While woodland establishment takes about 20 years, a prairie 
community can be established in two years (Dorney, 1980). 
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local conditions, should be avoided (Diekelmann and SChuster, 1982; Mulligan, 1988)87. 

Unfortunately, little Ontario-produced seed is available commercially (Elmhirst and Caine, 

1990. Dorney, 1985) Most mixes come from the U.S. mid-west. Morover, many of the 

seed mixes contaln annual, blennial and perennlal plants which require high annual 

maintenance (Burley and Burley, 1991). A further disadvantage to seedlng is the fact that, 

since pralne seeds do' not germinate at once, some will lie dormant for up to the fourth 

year (Mulligan, 1993). This will result in bare patches which will attract weed invasions. 

Thus, the appropnateness of seed mixes is in question. 

A solution to the problems assoclated with seeding is the use of wildflower plugs88
• The 

advantages include' 1) more control over which plants are expressed (Mulligan, 1993), 

2) annual weeds are not introduced and 3) 

weedy invasions are prevented because of 

reduced exposed ground (Hoepfner, 1992) 

Whlle plugs arE: more expensive than seeds, 

expenments, such as Metro Toronto's Humber 

River study and the NCC wildflower gardens, 

Figure 3 11' Wildnower seedhngs (plugs) grown ln pots and 
planted directly into existlng grassland 
(from Balnes and Smart, 1986) 

~7 Even the seeds of native species will have low germination 
rates if they were produced outside the bio-region (Mulligan, 
1988). Research at Cornell University indicates that plots sown 
with non-native/nen-naturalized plants reverted te weed in one to 
two years (Stroud, 1989). Research at the Ilational Wildflower 
Research Centre showed that native plants outlived nen-natives by 
a three to one ratio (stroud, 1989) • 

Btl Plugs are small, pot-grown seedlings (Baines and Smart, 
1984) 
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show that plugs establish more successfully than seeds (Elmhlrst and Caine, 1990).89 

Moreover, despite the capital cost of plugs IS hlgher than seeds, the cost of turning the 

sOil, applying herbicides or hand weeding can offset the Initiai cost of usmg plugs 

(Mulligan, 1993)90. Plugs should be introduced Into establlshed prairie grasses (Saines 

and Smart, 1984)91. Species lists for grasses and wildflowers are shown ln Appendlx 

Nine. According to Dorney (1985), by the fourth year, the tall grass prairie plants Will be 

four to seven feet tall. 

3.5.2. Control Weeds Before Planting and Avoid Soil Amendments 

Similar ground preparation techniques to those of the woodland plantlngs is 

recommended: disc and cultivate to an even tllth and spray with a contact herbicide 

(Baines and Smart, 1984). Generally, the results of expenments, su ch as the NCC 

wildflower projects, indicate th~t eilmlnatlng existlng weeds prior to plantlng was essentlal 

for desirable species survival (Elmhlrst and Calnu, 1990) Table 3 1 shows that a general 

increase in wildflower populations occurred ln plots treated wlth the post-emergent 

herbicide, Fusilade. Also, tilling permitted higher seedling establishment rates of mead'~Jw 

89 Nuzzo also found that the use of plugs resul ted in long-term 
cost saving over direct seeding (Elmhirst and Caine, 1990). 

90 To give shape to the garden and provide winter interest, 
shrubs can be planted on the garden edge or as specimens (Hoepfner, 
1992) 

91 According to Mulligan (1993) and Baines and Smart (1984) 
spacing should be at 300 to 500mm centres. Grass seed should be 
sown at a rate of one to 1.5 grams per square metre. 
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plants than the un-tilled plots. If tilled before planting, the garden's weed time can be 

halved (Dorney, 1985)92. Whlle many sources dlscourage the use of mulch, the Ridgeview 

Public School prairie and woodland naturalizatlon proJect in Georgetown, Ontario found 

that addlng mulch resulted in successful establishment (Scallen, 1991) 93. 

ln a study of roadside meadow establishment in Massachusetts, Ahern et al (1992) 

compared the plant survival rate of test plots wlth and without fertilizer. There was no 

slgnlfic.ant dlfference between meadow populations ln untreated quadrants and those in 

treatecJ areas wlth fertlhzer, as Indicated in Table 3.1. Soil amendments such as topsoil 

and fertillzer are Table 3.1: Wlldflower population densltles per square 

dlscouraged (Saines and meter avg. June to Aug. 1990 (trom Ahern et al, 1992) 
No fert. 10-10-10 Urea Avg • 

Smart, 1984) Slnce these No Fusilade 
-till 90 66 59 72 

plant commUnitles th rive -tili/herbicied 98 111 66 92 
-no till 56 87 109 84 

on dry, nutnent poor soils, -average 
Fusilade 

81 88 78 82 

fertllizing and watering are -till 95 87 80 87 
-till/herb 99 76 73 83 

neither necessary or -no till 94 99 147 113 
average 96 87 100 94 

desira.ble (Mulligan, 1988). 

q, While some studies recommend tilling, others show that this 
causes disturbance of weed seeds and causes them to germinate 
(Elmhirst and Caine, 1990). Test results at the Atlanta Botanical 
Garden show that avoiding tilling saves time and eliminates the 
need to spray (Stroud, 1989). 

q \ Mulch served to conserve moisture and shield the future 
seedlings from the full intensity of the sun (Scallen, 1991) . 
Herhicide use was required only to selectively spray out unsightly 
or invasive weeds . 
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These low fertillty: drought tolerant species would be squeezed out by other specles by 

watering and fertllizing. (Hough, 1987; Mulligan, 1988). According to Ahern et al (1992), 

pesticides are not necessary. 

3.5.3 Maintain by Buming or Mowing and Weeding 

ln areas where tall-grass prairie communities do not naturally occur, such as the national 

capital region, prairies would eventually develop Ir.to woodlands (Mulhgan, 1988, 

Hightshoe, 1988). If left unmaintained, these areas would be colomzed by herbaceous 

weeds and eventually by woody plants (Burley and Burley, 1991) ln arder to keep the 

woody portion from qlJlckly spreading and eventually replaclng the shade Intolerant prairie 

grasses, it is necessary to burn or mow the vegetation once a year (Ahern et al, 1992, 

Mulligan, 1988, Hoepfner, 1991, Elmhlrst and Caine, 1990) Burmng both controls woody 

plant growth which shades and weakens sun-Ioving prairie plants and ellmlnates thatch 

build-up (Hightshoe, 1988; Lamb, 1985) However, burmng may be prohlblted ln an urban 

context 904. 

Unlike woodland gardens in which weeds are ehminated after canopy closure, weeds are 

a perennial maintenance issue for the prairie (Hightshoe, 1988) Dorney (1985) estlmated 

that annual weedlng requirements in hours for a 74m2 model are ten hours the flrst year, 

eight hours the second year, one to two hours in the thlrd and fourth year and one hour 

94 Prairie burns are still controversial but prairie 
restorationists agree that they are essential for weakening aliens 
while prairie species are still safe beneath the soil (Lamb, 1985). 
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thereafter. Others, such as Diekelmann and Schuster (1982), claim that some weeding 

IS necessary in the first year, but that by the second or third year, little weeding is 

required depending on the thoroughness of weed cleaning prior to planting. Sy the end 

of the third season, plantlngs have unusually filled in, eliminating ground exposure and 

thus elimlnating weeds 

3.5.4 Costs and Annual Requirements 

The Massachusetts Department of Public Works manages roughly 3300 acres of roadside 

turf at a 1987 cost of approximately $337 per acre. According to Ahern et al (1992), a 

cost savlng of 83% or $280 per acre per year can be realized with meadow naturalization 

Gompared to malntained lawns. Similarly, Diekelmann and Bruner (1988) calculated 

capital costs and annual maintenance costs for two 730m2 plots planted with 1) sod and 

2) tall grass prairie While the tall grass prairie's initial cost was $3 670.00 higher, its 

annual savlngs were $113 00 when compared to the sodded plot, as shown in Appendix 

Ten Calculations from Dorney (1~85) and Cobham (1990), shown in Appendix Eight, 

indicate that the maintenance needs of a 100m2 prairie garden are 7.1 hours annually for 

the tirst three years and two hours annually thereafter. 

3.6 CONCLUSION 

The previous discussion indicates that the S3Vlr ;5 in i.,itial cost and maintenance of both 

woodland and tall grass prairie garden5, compared to the conventional use of vegetation, 

are impressive. Even when compared to Alternatives 1 and 2, naturalized gardens result 
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in reduced initial costs. In addition to cost savings, the labour requirement for annual 

maintenance is reduced in the naturalization alternatives compared to the other options 

Since naturalized gardens take full advantage of the site's envlronmental conditions, the 

need for material and labour maintenance inputs is reduced from the other landscape 

options. Through a process ofmanaged succession, whereby human intervention mitlates 

and assists natural processes, naturalized gardens can be estabhshed ln a fraction of the 

time nature would require. Sy planting young seedhngs ar r4 controlhng weeds dunng the 

tirst few years, dynamic and richly vaned plant communities can be estabhshed. The 

principles discussed in this chapter provlde critena for the Simulation of Alternatives 3 and 

4. Detailed, site specifie cost and resource compansons will occur in Chapters Flve and 

Six . 
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CHAPTER FOUR: METHODOLOGY; SIMULATIONS 

4.1 Introduction 

To evaluate the alternatives for their savings potential, the case study methodology was 

considered. However, the inevitable number of building and site variables would have 

affected the evaluation of landscape elements Ideally, ail parameters, except for the 

plantings, should be held constant for each alternative. Therefore, the alternatives were 

simulated95
. The simulations were performed on a proposed low-rise, multi-unit, co-

operative houslng project in Ottawa, as shown in Figure 4.1. 

Sun palh shoWlng sun al 
noon, sunsel and sunnse 
(June 21 and Dee 21) ""'"' ...... ,...,."'~iI_~"YIiI,.,..... .... , 
Pedeslnan clrculallon 
10 and trom co-op sile 
EXlsllng buildings 
EXlallng Irecs 

Figure 4 1 ConservallOn Co-op propoaed lite analysla and aerial vlew 

AERIAL VIEW 
FROM SOUTH 

~
N 

.510 25 

Siope: less th.n 2°" 
SOli loam 

50 

For Strathcona Helghts master 
plan lee Appendlx 11 

SITE ANAL YSIS 

9~ utilizing AutoCAD for the simulations made quantity take
offs and changes simpler and estimates more accurate. 
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• Summa 

Alternative Plant Groups Planting Technique Sketch 
-95 ry,.,lawn -Iawn arca soddcd 

nventlonal -non-native Irce (cg. -standard trce and shrub 
Crab apple , Honeylo- plantmg frorn NMS 
cu ... t) and shrub "peele, -trees plantcd mdlvidually 
(cg. Honey ... ucklc, Hy- m lawnarca 
drangea) -standard nursery stock 
-flowenng annuah, (bail & burlap Irces 3-5 
bulb!\, pcrrcOIal!\ yearold) 

ve 1 -:\WYr, lawn -trcc.~. shrubs and 
-nallve or well-adapted groundcover groupcd in 
trce (cg. Red A ... h. Red mulchcd bcds 
Pme) ~hrub (cg. Canada -!.tandard trce and shrub 
Ycw. Olmmon lun plantmg from NMS 
and groundcovcr (cg. -standard nur!ocry stock 
Bunchbcrry, Bearberry) (bail & burlap trees , 3-5 

ycarold) 
-Iawn arca soddcd 

2 -native or well-adaptcd -trcc.~. shrubs and 

• trcc (eg Red A.,h, Red groundcovcr groupe<! in 
l'mc) !ohruh (cg. Olnada mulched beds 
Yew , Common luni -standard trce and shrub 
and groundcovcr (cg. plant mg from NMS 
Bunchbcrry, Bcarberry) -lrCCS arc bail & burlap3-
-no lawn area' uml 5 ycar old nursery stock 
paver~ to provlde 
sodalllmg !lurfacc in 
heu oflawn 

3 -bare-TOot secdhngs and 
-'\00/" l:twn area whlps plantcd at 1250mm 
-native woodland trcc hClght (1-2 ycar stock) 
(cg. Paper Buch, Red -plant 1500mm on centre 
Maple) and woodland -bcds prepared wilh black 
groundcovcr spccles ( film wccd barrier with 
ümada Anemone) mulch covcring or wood-
-nat ive or well-adaptcd land grouncover 
~hl uh .lOd groundcover -anchor planting trccs 
SpCCICS h!>ted above and shrubs from NMS 

with standard 

ative 4 -native w()odland -woodland planung same 
IIsted abllve as above 
-.. hruh and groundcover -anchor plantmg trccs 
~pecics IIstcd ahovc and shrubs from NMS 
-native wlldnowcr (cg wnh ~tandard stock 

• A/ure A .. lCr. Showy -meadow: native grasse~ 
TrcfOlI) and graM,cs (cg grown from sccd -nursery 
Canda Wlld Rye) grown plugs plantcd later 
-no lawn: umt pavcrs III in tall grass area -no soil 
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4.2 SITE LAY-OUT 

Multi-unit, low-rlse housing projects usually requlre a large, common open space ln 

addition to small private patios or balconres This typology was chosen for the simulations 

because the numerical results of the analysis can be artlculated more readlly wlth an 

open space of this scale than wlth a small prrvate yard However, the alternatives are 

equally appropriate for small, private yards in single-famlly houslng typologles96 

A brief glance at the five simulations, shown in Figures 4 2 

to 4.6 indicates that the general lay-out for each plan IS 

consistent With the exception of the planted areas and the 

central seatlng area, ail other parameters were held 
Alternative 1 geomctnc lay-out 

constant97
• While the naturalized alternatives exhiblt a more 

organic path lay-out, the ratio of paved to planted areas IS 

the same. The central seatlng area was enlarged in 

Alternatives 2 and 4 to mitlgate for the ellminatlon of lawn 
Alternallve 3 organlc lay-out 

area. SH1ce lawns accommodate social gatherrng and play, FIgure 4 6 Lay-out compaullon 

the hard-surface area provlded a design solution whlch would accommodate these 

activities. The aesthetlc affect of each option Will be dlfferent due to the texture, Slze, 

96 Dorney (1980) states that the smallest area in which a 
thriving woodland community can be established is 20m/ • Even the 
small lot standards recommended by the RMOe (1992) calI for larger 
rear yards than this. Therefore, a woodland garder. would be 
appropriate for most single-family housing. 

97 Elements other than planting and circulation, su ch as 
benches, planters and play equipment, were not included in the 
designs or cost estimates. 
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density and form Inherent in each planting group. Despite these differences, consistency 

was retained ln certain elements of the planting design For example, the tree canopy 

remalned between 40% for the first three options and 70% for the naturalized alternatives. 

The existing site features and building foot-print, as shawn ln Figure 4.1, were simplified 

to minimize unique features specifie ta this site Since analyzing resource consumption 

and payback penods was thls study's goal, slmphfylng the existing features and design 

focussed the analysis on low-maintenance alternatives which could apply to any site 

4.3 CRITERIA FOR SPECIES SELECTION AND PLANTING TECHNIQUES 

Table 4.1: Criteria for Plant Selection 

Simulation Criteria for Plant Selection 1 Source 

Conventlonal 
-specles used ln typlcal urban planting designs 
-mlx of Introduced and native species chosen for -Dlrr (1983) 

Opllon thelr aesthetic quahtJes rather th an for thelr eco-
loglcal propertles, such as pest resistance or low-
water rem 

-Hightshoe (1988)2 
-cross referencing wlth Native 
Trees of Canada (1979) and 

Alternatives 
Darney (1980) ensured species 

-pest-reslstant, water -conserving, native to thls reglon . 
1&2 -native and/ or well·adapted ta enVironmental -Dirr (1983) 

conditions -shrub species trom Queen's 
Park Xenscag.e Demonstration 
Garden (1992) 

Plant Size. and Techniques: -National Master SpecIfications 
-standard nursery stock and planting technique (1992)3 

-::ioutn-west Transltwa:i Plant-
-climax and plonper species In9 Plan (1987)4 
-nativEI, well-adapted to envlronmental condrtlons -Dorney (1980) 

Alternatives 
-Elmhlrst and Cain (1990) 

Plant Slz •• and Techniques: -South-west Transltwa:i Plant-
3&4 -seedlings wrth some standard nursery stock In9 Plan (1987 )5 

-1 5m spaclng, ml\( pioneer and climax species -Domey (~~); Mulhgan (1993); 
-perforated weed barner wrth mulch -Saines ana Smart (1984) 

1. Refcr 10 the slmulJllon ~hecl for SfCClCS and plant SlZCS 

2. 11\1~ source profiles planL.~ nJUve 10 the I\orth Amenca tncludmg calegones such as water requt.cments and frequency 
of ~b and dL~ca.o;c 

J. Rder 10 AppcndIX I~ror detatls of planung lechnlques 
" Planung plan.' and ~pcclficauon.~ were prepared by (Q)rush et al, 1987) 
5 Nter live growmg seasOM, ail paramelers Indudmg SpcclC5 selection, Stze and planllng techniques, bave resulted tn suc

Ct'S~full!r\lwth m ~\le condulOn.çslmllar to th06Coflhe sludvslle. Refer to Chapter 3 for more delallson Transllwaylcst plots. 
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Table 4.1 summarizes the cntena and sources for the specles and plantlng techniques 

selected for the simulations The plant hst was also based on a mlxlng of declduous and 

cOnlferous species The naturalized options also Included a mlx of pioneer and climax 

specles. ThiS mix promotes vanety ln both the vlsual effect and the rate of growth A 

framework of larger nursery stock planted among the seedllngs Imparts bath vanety and 

a natural appearance slnce a forest canopy ln nature graws at an uneven rate 98 Most 

of the area was planted wlth bare-root seedhngs, 1 250mm ln helght The spaclng,at 

1500mm,was determlned by the plots 

with the best growth in the earlier 

South-west Transltway Corndor test 

plots, as were the species and 

ground preparation techniques. 
Figure 4 9 Sile and speCIC6 vancty for woodland 

Since the black embossed, perforated film, covered with wood chlp mulch most 

successfully eliminated competition from weeds in the 1984 and 1988 transltway plantlng 1 

this ground preparation technique was chosen for the simulatlons99 Accordlng to the 

specifications, rodent repellant, root stimulant, ferlilizer and weekly watenngs also formed 

part of the contract. Other ground preparation techniques mcluded clearing eXlsllng 

98 Hough et al (1982) recommend planting colourful shrubs 
around the woodland perimeter impart a sense of definition or edge. 
Refer to the character sketches shown in the simulations, Figures 
4.2 to 4.6, and the summary sketches in Table 4.7 . 

99 The advantages of this technique are described in Chapter 
three. 



• 

• 

• 

80 

vf9getation, mechanlcally discing the sail to a depth of 150 to 200mm ta an even tilth and 

romovlng stones and debrrs over 50mm in diameter 100. 

The plantlng techniques for the tall grass prame, as outlined in Chapter Three, were also 

denved from a local source101 Nursery grown plugs were planted into previously 

ostabltshed tall grass areas. The Importance of weed suppressIon before planting is 

stressed ln Barnes and Smart (1984). Therefore, ln the simulations, the residual herbIcide, 

SlmaZlne, was applied prror to plantlng Ground preparatIon techniques for dlscing and 

cultlvatlng sOli were the same as those of the wood land specification 

4.4 CAPITAL COSTS CALCULATION 

Table 4.2 summarizes the sources and the rationale for, choosing them in calculating 

capital costs for the simulations The limitations of Hanscomb (1993) led to formulating 

a bnef specificatIon for a contractor survey, shown in Appendix 13. The survey procedure 

and participants are outlined in Table 4.2102
. 

100 Refer to Appendix 12 for tree planting details for the 
naturalized and standard options. 

101 The techniques used were recommended by Julie Mulligan of 
proj ect Planning in ottawa. These establishment techniques are 
confirmed by Baines and Smart (1984). 

10} Refer to Appendix 14 for an item by item cost listing. 
Initial costs include: installed plant material with first year 
maintenance, maintenance equipment and installed uni t-paving in the 
seating areas of the alternatives with no lawn. AlI other hard
surfaced areas were omi tted from the initial cost calculation. 
Refer to Appendix 12 for details of naturalized planting 
installation. 
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Table 4.2: Method for Capital Cost Calculatlons 

Souce Advantages Dlsadvantages 

Yardsticks for Casting 1 -C08t8 are current, -dld not include non-standard Items 
(Hanscomb 1993 ) -data is derived from local sources such as seedhng Installation for Alter 
for standard items -material and installation are in- natives 3 and 4 

cluded -options are limited and Innexible 
-reliable, published source 

Contractor Survey2 -costs are currenct -unpublished 
for non-standard items -from local sources -pricing methods dlffer 

-flexiblity for non-standard items 

Canadian Tire -C05ts are current 
Catalogue (1993}3 -published, rehable source 
for maintenance -retai! Dutlet at which homeovvners 
equipment are likely ta buy items 

1. This annual source compiles COSI data from across Ihe counlry for a range of con~lruction lIem ... , IOdudmg lamhl:lpc 
elements. CoSlS are presented for eac~ major urban cenlre, mcludlOg Ottawa 

2. Aspecification, as shown m AppendlX 13 was sent 10 10 local, mld-sizcd contraclors. Each contraLtorwa~ lI'kt'd HI c.,"matc 
Ihepriœofperforminglhc tasks hSlcd in thespeclficatlon~. ThceMlmalcs wcrclIvcraged and u .. cd 10 l.lll'ulaltng l-.lplialco ... 1 
Ten contraclorn agreed 10 pa rtÎClpale, bascd on narnes Ihal werc rccommendcd byDavc u"hley, Land'C<lpc An hllCll 'llln'c 
contractoes replied; James Landscapmg, Melknclcht ulsher Contracloes and Exccl Contralling. The average u)~I~ arc 
shown in Appendbr 14- AppendlX 14 apphcs the contracloes' pnces lu non-stand:lrd Item, for the woodlaml dnd lall ~r.l!." 
praIrIe planlmgs. 

3. Unhkc the installation, rcsidcnts will hkcly mamtam the landscapc IhcmsclvC1l. Thcrcforc, cqUlprnCnIW.,t!. werc ~()lIrccd 
trom a retalloutlct. 

4. Pnees do nol mclude PST or OST, 

As discussed in Chapter Two, drip irrigation systems are preferable ta spnnkler systems 

because water is applied directly ta root areas under the SOli surface (RM'W, 1990) 

However drip systems were avolded for twa reasans 1) The quantlty of water requlred 

for shrub and tree beds for t.he alternatives IS 50 low that the addltlanal cost of an 

installed Irrigation system could not be Justified 2) Accordlng to Halmes Irngatlon (1993), 

drip systems are not recommended for turf areas ThL: " an underground spnnkler system 

was used for turf areas and an off-the-shelf, portable system for plantmg beds Since 

users may find the cast of an underground system prohibitive, a cheaper, off-the-shelf, 
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portable system was chosen as a second option for watenng turf areas Figure 4 10 

compares the in:tial costs of the five options A second cost figure IS provlded for options 

which include turf areas to account for the cheaper turf Irrigation system 103 

8 
§ -~ -rn -rn 
0 
() 

Figure 4.10: Inital costs 
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o Conventional Alternative 1 AlternatIve 2 Alternative 3 Alternative 4 
Option 

_ underground sprinkler system in lawn area 
_ no underground system in lawn are a 

4.5 MAINTENANCE REQUIREMENT CALCULATIONS 

4.5.1 Labour 

Maintenance operations, particularly tree and shrub care, are dlfflcult to predlct 

because of the influence of complex envlronmental vanables, su ch as ralnfall, exposure 

to wind, soil type and cover type. Each plant has its own unique situation Tradltlonally, 

maintenance people have learned to estimate jobs by the tnal and error method (Abbott 

103 Refer te Appendix 14 for sources and an item by i tern cost 
listing. 
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et al, 1987) 104 Of the mUnlcipalities and institutions that malntaln urban lands ln Ottawa, 

the NeC offers by far the most comprehensive records of maintenance requirements. 

Whlle uSlng national standards could have provided a much simpler method of predictlng 

annuai requlrements, they had Iimited value for this study Since maintenance 

requirements are dependent on several environmental variables, particularly climate, it 

was essentlal to obtaln records from local sources For example, the frequency of lawn 

mowing and watenng from the southern U.S would dlffer from that of Ottawa. Whlle this 

makes the study less relevant for Canadians beyond the national capital region, accuracy 

was the pnme objective ln selecttng evaluatlon critena 

Over the past ten or more years, the NeCs Envlronmental Land Management Branch 

(ELM) has been keeplng daily records of tlme, material and equipment expenditures for 

speclflc maintenance operations (Kaleta, 1993) These records have been compiled into 

the Actlvlty Performance Report (APR) (Nee ELM, 1992). This data was also 

Incorporated Into a computer program called Operation Management System (OMS) 

(NeC ELM, 1993) The data base IS a tool for forecasting annual costs. 105 

\1\·1 O'Brien et al (1992) state that only seven percent of 
American municipalities have effective tree maintenance programs 
and rarely collect daily records of maintenance operations. 

1(1', Files are organized by location: sites include parks, 
corridors, parkways and building grounds. The database on each si te 
is broken down into maintenance operations. For example, in the 
tree care category, a field for each of the following operations is 
included for each locat ion: weedingj edging, fertilizing, watering, 
pest control, pruning, removing and replanting. For each operation 
the following annual requirements are provided: time requlrements, 
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A further advantage of the OMS is the fact that files are orgamzed by location 106 ThiS 

facilitated comparisons between standard tree and shrub plantmgs and hardy, native 

plantings grouped ln beds 107. Consulting files for sites whlch embody both approaches, 

provided a more accurate plcture of the advantages of the alternatives For example, tree 

and shrub care data for the conventional option was averaged over four NeC sites wlth 

similar planttng charactenstlcs 108, 

One of the dlsadvantages of the system is that the data was only recently entered mto 

the system. Inconslstencles or errors Will take years to be corrected Moreover, 

differences in maintenance intenslty levels and recordlng techniques Will affect the 

accuracy of the results. However, consideration of these pros and cons led to the 

conclusion that the advantages of thls system outwelgh the dlsadvantages 

monthly distribution, frequency, percentage of area requiring input 
and material and equipment quantities and costs. Refer ta Appendix 
15 for a sample sheet from the database. 

106 The other maintenance standards did not differentiate 
between exotic, high-maintenance applications and hardier, low
maintenance plantings. 

107 While the estimates reflect maintenance requirements for 
plant groups, su ch as beds of hardy, native trees and shrubs, they 
do not reflect specifie species. 

108 Maintenance requirements from the OMS database include a 
range of plant ages. Thus, the difference in requirements for post 
and pre-established plants is accounted for. However, some of the 
requirements were der i ved from sources other than the Nec. Thus the 
addi tional requiL'ements in the f irst three years may not be 
accounted for. Refer to Chapter Two for more details on pre
establishment requirements. 
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With regard to labour requirements, other sources were used in combination with the 

OMS for four reasons. 1) With the exception of lawn mowers, do-it-yourself maintenance 

operations would be performed by hand-operated equipment109
. However, most of the 

operations ln the OMS database were performed with mechamzed eqUipment rather than 

by hand As a result, tlme reqUirements were denved from other sources whlch list 

standards for hand-operated tasks Desplte this, the local nature of the analysis data was 

malntalned since frequency data was obtained from the NCC, a local source. Therefore, 

the standards from the Institute of Maintenance Research (IMR, 1982) and from Amenity 

Landscape Management (Cobham, 1990), were used ln calculating time requirell1ents for 

a single operation, Independent of frequency or percentage of area110 
. 

2) Annual reqUirements for groundcover were unavailable from the OMS. Thus, another 

source, Cobham (1990), was used. 3) Considerable variation occurred between frequency 

and percentage of treated area for turf maintenance in the OMS sites surveyed. 

Therefore, the NCC's APR was used because it presents yearly averages for ail NCC 

sites over the past ten years. 4) Maintenance requirements for the woodland and tall 

grass prairie were not Included in the OMS database. Therefore, published sources, such 

as Hough et al (1990) and Dorney (1985) were consulted. 

\0'1 Snow removal is not included in the annual maintenance 
operation. 

110 For example, a single mowing of 100m2 turf area requires 
roughly the same amount of time anywhere. It is the annual 
frequency and the percentage of the 100m2 are a on which the task 
is performed that will provide a more local perspective on annual 
labour requirements. 
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5) Tree pruning time requlrements were denved fram a database of 6272 mUnicipal work 

records collected in the City of Toledo, Ohio Over a 31 month penod, records were 

collected and analyzed to estabhsh performance standards for tree maintenance This 

study oftree care operations discussed by O'Brien et al (1992), provldes a more detalled 

indication of the tlme requirements for tree pruntng than the OMS database A related 

study by Abbott and Miller (1987) provldes factors for envlranmental variables such as 

the presence of overhead wlres and proxlmity to buildtn~s ln the case of our study sIte, 

no over-head wires are present, but most of the trees are wlthln 7 5m of a bUilding, 

therefore, the tlme rates fram O'Brien et al (1992) were Increased by 20% 

Figure 4.11 compares annual maintenance tlme requirements for the four alternatives 

Details and sources are shown in Appendix 16. 

-rn 
~ 

::J 
0 
oC -Q) 

E 
i= 

250 

200 

150 

100 

50 

0 

Figure 4.11: Annual maintenance time requirements 
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4.5.2 Materials 

Once again, It should be emphaslzed that progress in turfgrass technology has resulteci 

ln low-malntenance cultivars ln combinatlon with organrc turf maintenance, the resources 

consumed ln lawn care can be slgnlficantly reduced. However, this analysis will include 

conventlonal turfgrass specles and maintenance operations. 

ln the case of turf maintenance materials, OMS data was only shown for comparison 

purposes The range in annual material and cost expendltures was so great between the 

files consulted that thelr rehablhty was questionable Where pubhshed sources on material 

expendltures per task were avallable, this data was combmed with frequencles per task 

from the OMS to malntain a local perspective Generally, the OMAF publications filled this 

gap 111. 80th matenal and labour requirements for groundcover plantings were not Included 

in the OMS database As a result, this information was obtalned from another source: 

Amemty Landscape Management (Cobham, 1990). 

4.521 Water-use Calculatlon Methodology 

The most dlfflcult resource expendlture to predict was water. In the OMS database, only 

the costs for eqUipment and labour are Included. Slnce the water itself was not 

considered to be an expense, water quantities for turf were derived from other sources. 

An estllTlatlon of average Ontario Irngatlon requirements from OMAF (1990), suggests 

111 For maintaining a local perspective, OMAF publications 
provided an appropriate alternative to ottawa sources, since OMAF 
figures pertain to Ontario conditions. 
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a weekly application of three cm. Accordlng to the OMS database, turf watenng occurs 

ten times annually ln the locations surveyed for thls study At thls rate, 30000 litres would 

be consumed annually The vanables whlch affect water use rates could only be 

specifically accounted for by assummg a range of site conditions ln the NCC data and an 

averaging of envlronmental conditions from other sources 

Water requirements for trees were calculated wlth the NCC data on frequency and 

percentage of area watered. For example, on average, tree watenng m the standard tree 

planting examples occurred once annually. However, only 26% of the total area was 

treated For hardy, grouped tree~, only 2% of the total trees were treated 112 Accordlng 

to Harris (1984) average trees should be watered ta a depèh of 120cm per watenng 

According ta Lofgren (1982) approxlmately 15cm of water IS necessary to reach thls depth 

in a loam sail If 26% of an area of ten trees, each five metres ln dlameter, IS watered 

once per year, then annual water consumption IS 7 780 litres For sm ail shI 'Jbs, whrch 

should be watered to a 60cm depth (Harns, 1984), 7 6em will be necessary per watenng 

(Lofgren, 1982). Total water requirements were predleted by multlplymg thls rate by the 

watering frequency indicated for each plant option in the OMS Since the OMS database 

had no category for groundcover, the frequency data from Cobham (1990) was used 

112 According to the water requirement calculation from Ch.:tpter 
Two, careful species selection could eliminate the need for 
additional water beyond rainfall. 
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4 5.2.2 Matenal Costs Table 4.3: Annual Maintenance Material Costs 

Table 4 3 shows the 
item1 source 

sources used ln calculatlng 
- tree removal and mulch Contrator survey 

annual maintenance - tree and shrub replacement Hanscomb (1993) 
- water rates2 RMOC (1993) 

matenal costs Figure 4.12 - fuel, fertillzer, pesticide and 
herbidice Canadian Tire (1993) 

compares the matenal - topsoil and mulch NeC OMS (1993) 

costs of the four 1. PrIees do not mclude PST or GST. 
2. Refer to AppendlX 17 for calculation ofwater rates. 

alternatives 

Figure 4.12: Annual maintenance materlal costs 
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4 5.2 3 Annual Maintenance Summary 

Table 4 4 indlcates the results of applying the annual maintenance requirements, 

including labour and costs, to the simulations. (Refer to Appendix 16 for sources and a 

detailed listing of maintenance reqUirements) . 
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Table4.4: Annual Maintenance summaly 
Time and Costs 

Option Materials Tlme 11 Tlme 2z Labour 10 Labour 2'1 
Costs ($) (hours) (hours) ($) ($) 

Conventional Option 865.00 202 229 5055.00 5730.00 
Alternative 1 305.00 90 100 225000 2500.00 
Alternative 2 154.00 41 41 103000 1030 00 
Alternative 3 202.00 75 93 1875 00 2325.00 
Alternative 4 31.00 24 24 60500 60500 

1. Tlme 1 refers ta the tlme, reqUlrement, in hours, for do-it-your"'df mamten,IIlll\ a~~ullllllg ,Ill UIHlel glOlllHl 
Irrigation system In the lawn area. 
2. Tlmc 2 refers ta the tlme reqUlrerncnt, ln hours, for do-It-your~c\f rnamlcname, a~~lll11l1lg no lIndnglOlllld 
irrigation system. 
3. Labour 1 refers ta thecost, in dollars,ofhmnga profc~<;lnnal malntella nec Il'.IIll, a~"'llJlllllg,ln lIndCI glOllllll Il Ilg,1 
tion system in the lawn area. The cost assumes a $25.00 pcr hour raIe 
4. Labour 1 refers to thc cast, in dollars, of hmng a profes!llOnal malnlenanle tl'am, a~\lll11l11g no underground Ir
ngation system in the lawn area. The cost a~~umc., a $25 00 per hour ratl' 
5. Refer to Appendix 16 for detail~ and sourcc~ of annual maintenance requnemem Illrllldlllg I,Ihmll, matl'llal., 

and costs. 

4.6 CONCLUSION 

Now that the Initial costs and annual maintenance labour and cost requlrements have 

been determined for each option, the payback penods can be calculated These payback 

periods reflect the number of years requlred ta payback the addltlonal cost of 

implementing alternatives when compared to the conventlonal option, based on annual 

savings. The results are discussed in Chapter Flve 
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CHAPTER FIVE: ANALYSIS AND RESULTS 

5.1 PAYBACK ANALYSIS 

As Indlcated ln the cost estlmates shown in Figure 4 10 and detalled in Appendix 14, the 

alternatives Inltlally cost more than the conventlonal option However, the annual 

maintenance costs are signlficantly lower for the alternatives, as shown in Table 4.4 One 

of the objectives of thls paper IS to determlne the length of tlme needed to recover this 

addltlonallnvestment based on anr.ual cost savings Ali operahonal costs are consldered, 

Includlng maintenance and replacement. 

Payback analyses should account for the time value of money, since the initial amoLJnt 

of money would earn interest 

If It was Invested elsewhere. 

ln addition to the Interest, or 

discount rate, the true tlme 

value of money must account 

for Inflation, or escalation rate 

Dlscounted payback expanded 

to allow for escalatlon IS 

deflned as True Payback This 

can be calculated by the 

n=log [1 +C/S (1-1/k)) 
log k 

where 

"C" IS the initiai cost dlfference between the 
conventlonal option and the alternative, 
"s" is the annual savings ln dollars per year, 
"n" is the number of years It Will take for the initial 
cost to be recovered and 
"k"=(1 +e ) 

(1+1) 
where· 
"e" IS the escalatlon or inflation rate and 
"1" IS the discount or interest rate. 

Figure 5 1 Loganthm method of calculatlng true payback (from Brown and 
method shown ln Figure 5.1. Yanuck, 1985) 
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A conservatlve estlmate for Interest rates ln the comlng years IS 10%, whlle the rate of 

inflation is 4% ThE:se values are used ln current economlc analyses of englneennq 

proJects III Canada (Friedman et al, 1993) Accordlng to Brown and Yanuck (1985), Ule 

operating expenses should Include item removal and replacement This expense has 

been accounted for ln the annual maintenance matenals and costs 113. 

5.2 RESULTS OF THE PAYBACK 5TUDY 

Table 5.1 Indicates the 

payback periods for the 

alternatives, assumlng 

that the resldents do the 

maintenance themselves 

Two figures for Initiai turf 

cost are provided One 

includes the cost of an 

Table 5. Î: Payback Perlods 

pption Payback Penod (years) 
DO-It -yourself 
Capital Cast 11 

DO-It-youself 
Caeital Cost22 

Alternative 1 10.0 19.0 
Alternative 2 18.0 42.0 
Alternative 3 45 90 
Alternative 4 105 200 

1. Cmt 1 account~ lor the cmt of an underground "pnnlder .,yqelll 
2 Cost 2 account., for a chcapcr, o/l-thc·<,hclf "y.,tern 
3 Rcfcr 10 Appcndlx 14 Initiai C,ml CllLulallO/l lm detllh and .,ourle" 
4. Rcfcr 10 Appcll'lIx I() Annual M,lIntcnanu; Rcyulrcmcnt" IIlI dctalh 

and sourcc~ 

irrigation system with an underground pop-up sprlnk.ler system This Item caused an 

increase of $3 300 00 (Hanscomb, 1993) over $13 394 00 ln the conventlonal option 

Since this item 50 dramatlcally affected the results, a second option was provlded This 

113 Any land costs, su ch as taxes or insurance which would be 
payed annually, regardless of which landscape option was 
implemented, are not included in this study. Maintenance equiprnent 
has been factored into the initial cast. Although equipment rnay be 
purchased on an as needed basis, and thus factored into annua l 
costs, this graduaI purchasing is impossible to predict. Equiprnent 
repairs are also not included. 
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Included a Canadlan Tire (1993) purchased, off-the-shelf, portable spnnkler system for 

$65 00 The obvlous dlsadvantage of thls system IS the addltlOnal tlme required to set up 

and move the eqUipmerît dunng each watenng and the addltlonal water consumed 114 As 

shown ln Table 5 1 and Figure 5 1, the second option caused an Increase ln payback 
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Figure 5.1: Payback period ("do-il yourself' maintenance) 1 

_ underground irrigation 
in lawn area 

~~ ~o underground system 
ln lawn area 

0---
Alternative 1 Alternative 2 Alternative 3 Alternative 4 
(30% lawn/ (no lawn/ (30% lawn/ (no lawn/woodland 

70% woody plant bcd~) woody plant beds) 70%woodland) and tan grass prairie) 

Table 5 2 If"ldlcates the payback penods for the alternatives, assumlng that the residents 

hlre a profeSSion al maintenance team. Since only the influence of material costs was 

factored Into annual savlngs, thls second set of payback calculations considers the tlme 

114 The standard minute value for setting up and moving the 
sprinkler twice per run for a portable sprinkler stated by Cobham 
(1990) is 20 minutes. In addition to labour increases, water losses 
are greater with the eheaper system because water is ofte.n applied 
to non-turf areas sueh as paving and evaporation and run-off are 
increased (Robinette, 1984). However, the figures used in this 
study for water requirements did not specify an irrigation system . 
While the differenee in water consumption was not aceounted for in 
the analysis, the time requirement increase was included. 
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savings as weil 115. An 

average labour rate of 

$25.00 per hour was 

determined. This priee 

ineludes ~quipment and 

matenal as weil as labour116 

The effect of mcludlng tlme 

savings is demonstrated by 

94 

Table 5.2: Payback Periods with Hired labour 

OptIon Pavback Per lad (~earst 
Hlred Labour H1rod Labour 
CapItal Cost 1 Caeltal Cost 2 

AlternatIve 1 1 6 22 
Alternative 2 2.2 27 
AlternatIve 3 09 1 5 
Alternative 4 1.6 21 -
1. Cost 1 aWlUn b lor 1 hl' 1..'0"1 of an undngrou nl! "IH III 1-. Icr "y'>ll'Ill 

2. Cost 2 accollnt ... lor a dH.',IPCI, ()1I-,hl'·~Ill'1I "Y"'CIll 

3. Rcfcr 10 AppcnJl\ 1..\ 1 Hillai Co ... , Callul,IIHJI1 lm ((l't,lIh ,lIld \(lllllC" 

4. Rcfcr to Appt.'ndl\ 16 Anllll,ll M,lInll'II:1llll' Rl'lJlIlrl'lllcllh lor dCI.llh 
and sources. 

the dramatic decrease ln payback penod for each alternative. as shawn ln Figure 5 2 
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[ Figure 5.2: Payback period (hired maintenance) 
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... 1 
Alternative 2 Altcrnallvc 3 AltcrnJlIvC 4 

(no lawn! (30% lawn/ 
70% woody plant beds) woody plant beds) 70%woodland) 

(no lawnl wood land 
and tall gra\., prame) 

115 Refer te Figure 4.11 and Table 4.4 for time requirements 
for each option. 

116 The $25.00 heurly rate was based on a phone survey 0 f 
ottawa area maintenance contractors. six contractors responded 
including: Clean Cut Lawn and Lot Maintenance, Edwin Budd ing Lawn 
Care, J. Madore Beatty, Landtech Landscaping and Maintenance, 
Meyknecht Lischer Contractors and Sears Canada Inc. 
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Since annual savlngs were impresslve, the high payback times for the do-it-yourself 

optrons can largely be accounted for by the dlfferences in mitlal cost The low cost for the 

conventlonal option, compared to the alternatives, is partlally the result of the 1993 cost 

for sod Hanscomb (1993) shows a $568 prrce per 100m2 sodded area However, 

accordlng to the same source, the 1992 cost was $8.15, while ail other 1992 prrces for 

Items used ln thls study were slmllar or Identlcal to the 1993 prrce. This $2 47 priee drop 

caused the Initiai cost dlfference between the conventlonal option and the alternatives to 

Increase As a result, the payback tlmes, as shawn in Figure 5 3, are more attractive than 

those wlth the 1993 sod pnce However, a caveat should be added Obvlously, including 

a 1992 price Influences the conslstency of this investigation. Therefore, the inclusion of 

Figure 5 3 only serves to demonstrate the effect of price fluctuations on life cycle costing. 
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Figure 5.3: Paybaek period (1992 sod priee) 1 
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70% woody plant beds) woody plant beds) 70%woodJand) and taU grass prairie) 



• 

• 

• 

96 

5.3 Resources 

The payback analysis could be presented in ItS own right. However, the purpose of thls 

study was to demonstrate the relationshlp between cost reductlon and resource 

conservation. Therefore the materials consumed ln annual maintenance were calculated, 

as shown in Table 5.3, in addition to tlme and dollar figures 

Table 5.3: Annual Maintenance Summary 
Materials Consumed 

Option fuel fertilizer water herbicide topsoil seed mulch pesticide 
(litres) (kg) (litres) (ml) (m3) (kg) (m3) (kg) 

Conventional 
Option 28.1 18.1 339580 826 3.8 1.5 1.0 28 
Alternative 1 10.3 6.8 114725 299 1.4 0.58 3.9 1.2 
Alternative 2 - 1.6 25347 - - - 4.7 1 3 
Alternative 3 9.2 5.5 98930 272 12.6 0.5 2.5 0.16 
Alternative 4 1.5 0.24 5963 - - - 1.1 0.09 

1. Refer to AppendlX 16 for dctails and sources of annual maintenance rcquircmcnt~ indudmg lahour, matcnal .. 
and costs. 

Table 5.3 indicates that resource consumption was signlficantly reduced for ail of the 

alternatives when compared to the conventional option Ranges ln annual savlngs for four 

materials were as follows: fuel consumptlon was reduced by 63% to 100%, fertlhzer by 

62% to 98%, water by 66% to 98% and herbicides by 64 % to 100% Whlle the option wlth 

the lowest payback period was Alternative 3, the naturaltzed option wlth 30% lawn area, 

ether alternatives exhibited lower matenal consumptlon rates For example, Figures 5 4 

to 5 7 show that Alternatives 2 and 4, the options wlthout lawns, conslstently exhlbit lower 

consumption rates. ThiS point exemplifies the correlation between reduclng lawn areas 
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and conservlng resources The options wlth lawn areas exhibited the highest consumption 

rates, whlle those wlthout lawns, 1 e Alternatives 2 and 4, exhibited the lowest rates. 

Wlth the exception of fuel consumptlon, Alternative 4, the naturalized option wlth no lawn, 

exhlblted the lowest consumptlon rate This option exhibited a hlgher fllel use rate than 

Alternative 2 because of the tall grass prairie whlch must be mowed once annually. While 

Alternative 4 did not exhlblt the lowest payback period, It was a close second to 

Alternative 3 ln each evaluatlon. However, the option with the second lowest 

consumptlon rate, resulted in the highest payback perrods, because the initial cost was 

the hlghest of ail the options ln this example, there IS a negative correlation between cost 

reductlon and resource conservation 
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Since, in this study, topsoil and seed were consumed in annual turf maintenance 

exclusively, only the options wlth lawn areas include these matenals Simllarly, herbicide 

was only consumed ln options with lawn areas Whlle weed control dld occur for other 

planting types, the sources consulted for maintenance reqwrements of non-turf areas 

included hand weedlng This difference would have been accounted for ln the addltlonal 

labour requirement. 

While less mulch was consumed in the conventional option than most of the other 

options, this is not alarmlng from an environ mental point of view As dlscussed ln Chapter 

Two, mulch has positive envlronmental effects, such as enhanclng moisture retentlon, 

improving soil fertillty, decreasing run-off and regulatlng sOli temperature More mulch was 

consumed in the alternatives wlth the most shrub and groundcover plantlngs 

Pesticide consumptlon shown ln Table 5.3 was surprising The OMS data base combines 

weed and pest control. Given that pesticide use IS not Included for turf areas, the 

consumption rate is surpnslngly high. This may have been the result of an Inconsistency 

in the OMS database, slnce there was a great range between database files surveyed 

No other sources with which to compare thls rate were available However, the frequency 

and percentage of area treated, as shown in Appendix 16, was consistent ln the OMS 

data base files surveyed . 
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5.4 CONCLUSIONS 

The retum on Investment for implementing resource conserving landscapes indicated in 

the payback analysis was less than anticipated. Alternative 3, the naturalized option with 

30% lawn area, offered the lowest payback period. Simllarly, the results show less of a 

correlation between return on investment and reduced material consumption than was 

antlcipated. However, the decllne in annual material consumptlon rates exhibited by each 

of the alternatives reflects the anticipated results. In this case, as lawn areas are reduced 

and plantings reflect naturalized concept3, resource consumption is reduced. The results 

of the payback analysis and resource consumption rate will be discussed further in the 

conclu ding chapter. 
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CHAPTER SIX: DISCUSSION AND CONCLUSIONS 

6.1 PAYBACK ANALYSIS 

Interpreting the results of the payback analysis shown ln Figures 5 1 and 5 2 of the 

previous chapter yields some dlsappOlntlng, and other promising conclusions There IS 

no cut and dry answer to what consumers conslder to be a deslrable payback penod 

Some may say it IS the pOint at which investing ln mutual funds pays back more qUlckly 

than investing in a conservatton technology (Friedman et a', 1993) However, houslng, 

unlike other sectors, offers a benchmark opportunity for measunng the acceptablllty of a 

given payback period. Since the users do not dlrectly reap the rewards of annual savlngs 

after they move, a payback penod whlch exceeds the duratlon of stay may be consldered 

unacceptable (Camallen, 1993). Accordlng to the General Social Survey of Statlstlcs 

Canada (Che-Alford, 1992), one half of Canadian adults moved dunng the last flve years 

and two-thirds in the last ten years117
. For the purposes of thls analysls, the benchmark 

for the minimum acceptablhty of a glven payback penod Will be ten years, based on the 

assumption that mast Canadians will move during this tlme frame 

Given a ten year benchmark, two of the four alternatives resulted ln a deslrable payback 

period, when an underground irngatlon system was Installed ln the turf areas. 118 Wlthout 

111 This rate is affected by tenure status. For exarnple, three 
times as many renters (33%) as owners (12%) rnoved in 1989. Despite 
this high turnover rate, the CO-Op'S concern about investing in 
conservation would be greater than non-co-op cornmunities since the 
Board of Directors would determine policy for the whole co-op. 
Thus, acceptable payback duration may be longer in this case . 

118 Refer to Appendix 14 for initial cost differences between 
the different irrigation options. 
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thls expensive option, assumlng an off-the-shelf, portable sprinkler system, only one 

alternative produced acceptable results This is because the cheaper system reduced the 

conventional optlon's Initiai cost signlficantly, since its lawn area is 85% of the total area, 

while It reduced the alternatives' initial costs only marglnally, slnce they contain a 

maximum of 30% lawn area Despite decreases in initiai costs wlth the expensive 

Irrigation system, the an nuai savlngs stayed the same119
• Given the tendency to reduce 

Initiai costs, It IS likely that residents will chose the option with the cheaper sprinkler 

system ln elther case, Alternative 3, the naturahzed option with 30% iawn, clearly offered 

the most deslrable return on investment. 

When the annual tlme savings were factored into the analysis, assuming a maintenance 

company IS hlred, each alternatlve's payback period was reduced 120
. The time savings 

were multiplled by a labour rate of $25.00 per hour and material and equipment costs 

were ehmlnated. ThiS resulted in very attractive investment returns, since each alternative 

could be payed back ln under ten years. However, given the co-operative nature of this 

housing sector, residents would IIkely maintaln the landscape themselves (Tasci, 1993). 

Thus, glven the most hkely maintenance scenario for this co-op, only one of the four 

alternatives offers an acceptable return on investment. Why then have the low-

maintenance alternative examples discussed in the literature review exhibited both long-

llq Unfortunately, the reduced water requirement for an 
underground system could not be accounted for. This option would 
have produced more impressive annual savings . 

120 Figure 5.2 of the previous chapter shows how the payback 
period could be reduced if a maintenance company was hired. 
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term co st and resource savings? These examples, such as the South-west TranSitway 

Corridor, were Implemented to reduce operating costs and conserve resources However, 

most of these examples are institutlonal projects, mvolving professlonal maintenance 

teams, resulting in impresslve cost reductions due to tlme savlngs, as opposed to Just 

material savings. Other houslng examples discussed, such as the study by Nelson (1987), 

also demonstrate impressive savings due to reductions m the need for hlred labour 

Although great efforts are being made to promote IIfe cycle costmg, the term IS not 

familiar to the average citizen (Brown and Yanuck, 1985). Traditions do not yleld easlly 

Vast amounts of prlvate and public purchasing are still hased on the lowest Initiai cost 

This point is exemplified in the development of the co-operatlve housmg proJect used ln 

this study. Financing for Conservation Co-op was based on the maximum Unit prlce, 

which accounts only for initiai costs If IIfe cycle costmg was factored Into the fmancmg, 

the conservation potentlal could be more easlly achieved Thus, even a study whlch 

demonstrates a desirable payback time for a conservation alternative, IS no guarantee 

that everyone will be sufficiently convinced. 

6.2 RESOURCE CONSUMPTION 

Observations from the IIterature review suggested that one of the keys to conservlng 

resources in annual maintenance is reduclng the lawn area This observation IS supported 

by the results of this analysis Consumption of most matenals was lowest ln the 

alternatives with no lawn and highest in the conventlonal option, wlth 90% lawn 
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Therefore, a positive correlation does exist between reducing lawn areas and promoting 

resource conservation 

Simllarly, the IIterature review suggested that grouping woody plants in beds would 

conserve resources compared to Indlvidually arranging trees and shrul:)s. In addition, the 

use of hardy native plants would reduce consumption rates. This observation is also 

supported by the results of this study, since the co:wentional option exhibited 

considerably hlgher consumption rates than the alternatives. Similarly, the literature 

indicated signlflcant annual savings wlth naturalization. Again, thls conclusion was 

supported by thls Investigation. The naturalized alternative with lawn, Alternative 3, 

exhibited lower consumption rates than the other options with lawn. The ~dturalized 

alternative with no lawn exhibited lower consumption rates than its non-naturalized 

counterpart, Alternative 2. 

6.3 BALANCING ECONOMIC, ENVIRON MENTAL AND SOCIAL ISSUES 

While the potential for reducing the consumption of materials in annual maintenance was 

demonstrated ln the analysis, the positive correlation between cost and resource savings 

was less than anticipated. Despite the more Impressive annual savings of the alternatives 

with no lawn, the payback times were hlgher than that of Alternative 3, which included 

30% lawn. Even Alternative 1, woody plant beds with 30% lawn, which had the highest 

consumption rate of the alternatives, could be payed back in half the time that Alternative 

2, with no lawn, which had the second lowest consumption rate of ail the options. 
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This point exemplifies the need for residents to make trade-offs in declslon makmg If cost 

reduction is the main objective, Alternative 3 IS the most appropnate of the solutions ln 

this example, initiai cost was kept low by includlng a certain percentage of lawn area 

Reducing lawn areas to only 30% seemed to balance Initiai cost Increases wlth an nuai 

savings more effectively than ellminating lawns completely ln other examples, the low

maintenance lawn alternatives su ch as shrubs, groundcover and Unit pavers caused such 

initial cost increases that, despite Impressive annual savings, the payback limes were 

unacceptable. Where resource conservation IS the main obJective, the alternatives wlthout 

lawn areas exhlbit the most impresslve results. Of these, the naturalrzed alternative 

consumed the fewest materials in annual maintenance . 

If the objective of cost savings is tempered by a desire to retam a convenllonal 

appearance, Alternative 1 is the best solution The Inclusion of a lawn area in thls 

example may be considered essential because of the Important social and recreatlonal 

opportunities which lawns offer. Even the proviSion of an enlarged hard surfaced seatlng 

area may be considered insufficient to mitigate for the loss of a lawn area Also, the less 

naturalized concept IS more similar aesthetlcally to the conventlonal option than the other 

alternatives. However, whlle the other alternatlV(;)S offer an unconventlonal aesthetlc 

quality, many users will regard the alternatives' social opportumtles as more positive than 

those of the conventional option. The environmental quallty of songblrd sounds m a 

woodland retreat can provide a welcome contrast to the more manlcured approach, 

particularly in a dense urban context For example, the City of Ottawa (1993) Identlfied 
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the aesthetlc and educatlonal opportunities of putting city dwellers back in touch with 

natural processes as key merits in their naturallzatlon program. 

6.4 IMPACT AND FEASIBILITY OF IMPLEMENTING LaW-MAINTENANCE ALTERNATIVES 

By applying the results of this slngie proJect to the community level, the conservation 

potentlal of the alternatives can be broadeneeJ in scope. The landscaped open space area 

of Strathcona Helghts121
, the communlty in whlch the co-op IS located, is six hectares 

(Padolsky, 1988) By applylng the flndings of the co-op simulation analyses to the 

communlty Javel, the followlng annual savings could be achieved If any of the alternatives 

were applled fuel savlngs ranging fram 712 litres to 1124 litres, fertillzer from 452 kg ta 

714 kg, water from 8994000 litres to 13 344000 litre and herbicide trom 21 litres to 33 

litres ln addition to conserving these and other resources. cost savlngs ranged from $22 

400 to $33 360 annually, assuming the residents maintaln the landscape themselves. 

Assumlng they hire a maintenance company. cost savlngs could range from $112200 to 

$178 000 for the community 

While these savlngs reflect the conservation potential of a single community, the results 

of applylng these princlples to more and more projects mUnicipally or even nationally 

would have a slgnificant Impact on addresslng the global environmental issues dlscussed 

ln the Introduction However, vanety is essential in the urban landscape. While these 

pnncipals will not address the unique features of every site and every user group, the 

121 Refer to Appendix Ten for Strathcona Heights Master Plan. 
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environmental impacts will only improve if more low-malntenance alternatives are 

implemented. 

The prominence of implemented projects and studles Indlcates the feaslblllty and level 

of support for low-maintenance landscapes Implementlng these alternatives ln Ottawa 

is particularly feaslble because of the Clty's pollcy of promotlng naturallzatlon as outllned 

in Strategies Towards Managed Naturallzatlon ln EXlstlng Parkland (City of Ottawa, 1993) 

The Official Plan (City of Ottawa, 1991) indlcates that funds saved fram ellmmatmg the 

need for regular maintenance could be applled toward naturallzatlon projects 

6.5 GUiDELlNES 

While the Initial costs, an nuai savlngs and payback tlmes are mdlcated for a speclflc 

project in a specific location, the pnnciples can be applled ta other projects The results 

could be apphed more readlly to a similar houslng typology and geographlc location For 

example, the payback tlmes Will IIkely be dlfferent for a Single -detached house m 

Winnipeg, As a result, one of the secondary goals of thls project was ta provlde 

guidelines whlch could be applled ta other projects ln other regions The followmg 

guidelines resulted from this investigation' 

1. Llmlt turf area to that which is useful for specific SOCial and recreatlonal functlons 

Minimize the use of turf as a purely visuai groundcover 
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2 Select water-efficient plants suited to local site conditions, such as cllmate, 5011 type 

and site drainage Try to use native matenal unless a well-adapted, lower-malntenance 

Introduced specles 15 avallable 

3 Group trees, shrubs and groundcover plantings in beds, rather than locating them in 

Isolation, surrounded by turf or paved areas. 

4 Use mulch to reduce evaporatlon and ta prevent weed growth in plantlng beds. 

5 Naturalize your landscape so that plantmgs rely more on natural process for healthy 

sustalned growth than hortlcultural technology For woodlands, Install young seedllngs in 

beds prepared to reduce weed growth and retaln moisture and ni..!tnents Select tree and 

woodland groundcover specles whlch would be found in local woodlands For tall grass 

prairie, mstall wlldflower plugs ln tall grass areas Mow once annually. 

6 For aesthetlc enhancement of naturalized plantings, define the edges with colourful 

shrubs or groundcover Also, variety in the size and character of plant material will 

provlde visualinterest and a more natural appearance Establish an informai path network 

ln the woodland area. 

7 Where IIfe cycle costlng is the prime objective, establlsh naturalized plantings around 

a small lawn area of about 30% of the total planted area . 
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8. Where resource conservation IS the pnme obJective, replace lawn areas wlth 

naturallzed plantlngs or woody plants grouped ln mulched beds Mltlgate for the loss of 

lawn as a social space Qy expandmg the hard-surfaced area, but only If a porous pavlng 

is used. 

9. If cost and resource savings are tempered by a deslre to retam a convention al 

appearance, establish hardy woody plant beds around a small lawn area, of about 30% 

of the total planted area. 

10. Keep records of annual expenditures of labour, matenals and costs, beanng ln mlnd 

that inputs will be hlgher ln the flrst few years dunng plant establishment for ail Items 

except turf Over several years, perform your own payback analysis as a feedback 

mechanism for the cost and resource efflclency of your landscape 

6.6 FURTHER STUDY 

Calculatlng the true Implications of resource consumptlon IS beyond the scope of thls 

paper. Accounting for embodied energy122 and traclng the precise envlronmental Impact 

of consuming resources in landscape maintenance 123 would augment the flndmgs of thls 

122 Embodied energy accounts for the inputs required to produce 
and transport an item before it arrives on site. Before a nursery
grown tree arrives on-site, water, fertilizer and other resources 
are consumed in the nursery . 

1;'3 For example, how much of a gi ven pesticide application 
actually seeps into the water-table? 
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study. Without analyzlng the specifie Impacts, this paper assumes that reducing 

consumptlon of chemlcal products, water and fuel in landscape maintenance will help to 

alleviate sorne of the envlronment problems we now face. However, the environmental 

Impact of landscape design on resource consumption does not stop at accounting for 

matenals consurned in annual maintenance Energy consumptlon ln home-heating and 

coohng IS affected by landscape design Similarly, planting design influences on-site 

stormwater management, which also has envlronmentallmpacts. These influences should 

be comblned wlth the environmental impact of landscape maintenance for a full analysis 

of the impact of vegetation on the environment. 

Whlle social and aesthetic issues were discussed ln this study, they were not analyzed 

ln the evaluatlon of landscape alternatives. To alleviate this gap ln the analysis, design 

features remained as consistent as possible given the changes in plant material and lay

out needed for the analysis However, a user preference analysls would have ensured a 

more equltable companson of alternatives, as weil as addlng an important dimension to 

an analysls of landscape alternatives 

The use of simulations as a methodology for this evaluatlon was the result of the time 

constralnts of a rnaster's thesis A more accu rate portrayal of the saving potential of the 

alternatives would have been feasible through direct observation. For example, iffive test 

plots were planted, data on initial cost and annual requirements could be recorded, as 
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these tasks were performed. Unfortunately, many years would be required for sufficient 

growth and data collection. Glven the time frame of this study, cast and matenal 

consumption estimates were based on predictive models like surveylng contractors, 

consulting published sources and the OMS database. 

6.6 CONCLUSIONS 

The findings of this investigation heip ta filt part of the literature vOid on the cast and 

resource saving potential of landscape alternatives. Flrstly, while other analyses show the 

9conomic, environmental and social benefits of low-malntenance alternatives ln an 

institutional context, this study points out the implications of applying these conSiderations 

to housing. Secondly, it considers payback penods rather than just annual savlngs 

Thirdly, it compares more than one alternative with a conventional option 

While it is unlikely that this analysis will lead to homeowners npplng out their eXlsting 

landscapes and replacing them with law-maintenance alternatives, hopefully It will form 

part of a compelhng body of literature which will gradually redefine conventlonal practlces 

As public understanding of lite cycle casting and environmental issues becomes more 

prevalent, studles like this will increaslngly be consulted DeSign alternatives whlch 

address current economic, SOCial and envlronmental concerns are bound ta be practlcal 

and long-lasting . 
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APPENDIX ONE 

PRELIMINARY REVIEW OF MAINTENANCE REQUIREMENTS FOR LAWN, TREES. 
SHRUBS, WOODY GROUNDCOVER AND VINES 

Table 1 :Annual maintenance requirements 
100m2 turf area 

task time 1 : source Matenal notes 
Cobham (1990) 

hand fertilizer application: 3min. - 1.5-2 kg, OMAF (1990) 
irrigation 6.6 hours - 60 000 L OMAF (1 990) 
mowing (2411 push mower) 7.2 hours - fuel (not found ln lit revlew 
raking 11 min. -
overall herbicide with 
knapsprayer 20 min. - annually Cobllam (1990) 
edging 4 hours -
topdress 11 min. topsoll (not found in lit revlew) 

Total 18.5 hours 2 

1. Not ail ofthese tasks will be performed in every situation nor are ail tasks Included here For 
example. if aerating occurs annually, certain other requirements could be reduced or 
eliminated. A list of organic maintenance tasks would be dlfferent ta th,s one The Items shawn 
represent a convention al approach to lawn maintenance which Will vary fr am Job ta Job 
2. Results will vary with species. sail and climate conditions as weil as aesthetlc obJectlve~ 
These figures represent averages. 

Parker and Wright (1980) show an nuai hourly inputs for smaillawns ta be 14 ta 17 hours per 
100m2. According ta the Institute of Maintenance Research (IMA, 1982) the followlng tlme 
values can be expected for lawn maintenance: 

Table 2: Annual time requirement for 100m2 turf area 

task time 
mowing (1611 push mower) 2.5 hours 
hand edge trim and clean-up 12.5 hours 

hand fertilizing 15mln 
weed control (3 gal hand pump) 30 min 
hand rake 60 min 
hand sweep 75min. 

TOTAL 18.0 hours 
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Table 3: Annual requlrements 
one tree (pre-establlshment) 1 

Task Time (minutes) Material Notes 
Itree/6vears 

hand pruning 70 -
watering2 120 - water up to 10 times in the first season (10Ll watering) 

and during drought 
weed control 20 - if trees are properly mulched during planting, weeding 

should be minimal 
fertihzation 7 -controversial, ego Insley (1982) recommends against use 

of fertilizer for trees 

TOTAL 217 minutes 16 years or 36 minutes Iyear 

1. Ali data sourced fram Cobham (1990). 
2. Cobham (1990) compares the cost of watering newly planted trees six times in the first year 
after planting and not watering newly planted trees. The comparison shows that watering was 
cheaper than replacing the 30% of the trees that died due to the lack of watering. 

Table 4: Annual requirements 
one tree (post-establishment) 1 

Task Time (minutes) Material Notes 
hand pruning 15 -
weed contol 4 - mulch and hand weeding 
water - - as needed in drought 
removal2 - -

Total 19 minutes3 

1. Ali data sourced fram Cobham (1990). 
2 Tree removal is not included due to the difficulty of to predicting its frequency. Cobham 
(1990) estimates that to trim off and dispose of branches, cut trunk and remove stump for a 
9.1 m tree (15cm diam) will require 1.6 hours . 
3. There will usually be no need to fertilize mature trees to promote growth (Cobham, 1990). 
Fertilizing should only occur if the growth problem cannot be traced to anything else (OMAF 1 

1990) . 
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Table 5: Annual requlrements 
100m2 shrub area1 

task %area total time material notes 
treated/year (minutes) 

prune2 7 35.0 -
remove dead plants 1 2.0 -
replant 1 15.0 -
spot treat with herbicide 15 6.8 - after canopy çJosure, weed control 

will be minimal3 

handweed 15 12.0 -
fertilize (1/10 y) 10 0.7 - 1.5-2 kg/apphcatlon/100m2 
mulch 7 7.0 - after canopy closure, mulching Will 

be minimal 
clean-up 600 30.0 -
rejuvenate (15-20 y)4 5 50.0 -
watering - - - as needed during drought 5 
pest control 6 - - -

Total 2.6 hours 

1. Ali data from Cobham (1990) . 
2. Most shrubs need very little pruning with the exception of removal of diseased or damaged 
wood. Evergreens need little or no pruning even in confined spaces (Harns, 1984). 
3. Mulching and close spacing during establishment will virtually ehminate weed problems. 
4. Vigoraus mature shrubs require at least 25 to 30% of the aider branches removed annually. 
Vigorous species are better coppiced ta just above ground level every 15 ta 20 years 
(Cobham, 1990; Harris, 1984). 
5. Irrigation of established shrubs is seldam necessary (Cobham, 1990). 
6. Most shrubs are relatively pest and disease-free (Cobham, 1990). 

Table 6: Annual requlrements 
100m2 groundcover area (during establishment -1 to 3years) 

item frequency total time material notes 
lCabham} lCobham\ 

fertilization 1 5 min. -1 kg nitrogen (Thoday, 1982) 
hand weeding 1 15 4.6 hours -
mulching 1 9.2 min. - restore 50mm depth until canopy closure 

(Thoday, 1982) 
watering 10 3.3 hours - 1 000 litres every two weeks and ln drought 

periods lCobham, 1990) 
TOTAL 7.8 hours 

1. Thoday (1982) recommends a contact herbicide every eight weeks dunng the growing 
season in the first three years. Hawever, hand weeding , a more time consuming equivalent 
to herbicide use is shown here because it is more consistant with the objectives of this study. 
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Table 7: Annual requlrements 
100m2 groundcover area (after establishment) 

item freauencv time source total time material notes 
hand weedlng 1 18.4 min. IMA' 18.4min. -
reJuvination2 10-15y 16.6 h Cob 1.3hours 
mulching 10-15y 27.6 min. IMA 2.2min. -100mm mulch after rejuv 

ination (Thoday, 1982) 
watering 10xeach -1 000 litres every two weeks 

10-15y 20min.x10 Cob 16min. the first year after rejuvina 
tion and in drought 
periods (Cobham, 1990) 

fertilization 10-15y 5 min. !MA - -0.5 to 1 kg nitrogen after re 

hand weeding3 15x each 
juvination (Thoday, 1982) 

10-15y 18.4min. IMA 22min. 

TOTAL 2.3 hours 

1. Institute of Maintenance Aesearch (1982) 
2. After rejuvination, watering, fertilizing and mulching will be necessary in the first year (Thoday 
1982). 
3. Thoday (1982) recommends a residual herbicide of 10 grams after rejuvination, but hand 
weeding is shown here. 

Table 8: Annual requirements 
10m2 cllmblng vine area (after establishment) 1 

task frequenc1' minutes/task total minutes 
wiring of wall 1x/25 years 120.0 4.8 
re-planting 1 x/50 years 14.6 3.0 
removal 1 x/50 years 90.0 1.8 
mulching 1x/ year 3.0 3.0 
pruning 1x/ year 7.5 7.5 
tying-in 1x/ year 7.5 7.5 

Total 27.6 minutes2 

1. Ali data trom Cobham (1990). 
2. Irrigation will occur eight times per year and fertilizing will occur once per year in the first five 
years prior to establishment. 
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APPENDIX TWO 
PLANT LIST OF SHRUBS AND PERENNIALS FOR THE XERISCAPE 

DEMONSTRATION GARDEN, QUEEN'S PARK, TORONTO 
(tram MNR, 1992) 

DECIDUOUS SHRUBS 

4.canthopanax sieboidlanus 
Acer gmnala 
Amelanchlar almfoha 
Amelanchlar canaden~ls 
Aralia elata 
"'roma arbutifoha 
Aronia melanocarpa 
Buddleia daVldll 
Caragana arborescens 
Caragana arborescens 'Pendula' 
Caragana aurantlaca 
Caragana frutex 'G1obusa' 
Cercis canadensls 
Chaenomele!> Japomea 
Chaenomeles speclOsa 
Chaenomeles speclOsa 'Texa~ Searlet' 
Chaenomeles speclO!>a 'Toyo-Nlshlkl' 
Comus mas 
Cotmus eoggygna 
Cotmus coggygria 'Purpureus' 
Cotmus coggygna 'Royal Purple' 
Cotoneaster dlvancatus 
Cotoneaster honzontahs 
Eleagnus umbellata 'Cardmal' 
Euonymus europea 
Forsythia x mtermedl3 'Spectablll~' 
Hippophae rhamnOides 
HyperclUm 
HyperclUm kalmlanum 
HyperclUm kouytchense 
Kolkwltzla amablh, 
Ligustrum amurense 
Llgustrum Ibohum 
Ligustrum obtuslfohum regehanum 
Lomcera tatanca 
Mynca pem,ylvamca 
Rhus aromauca 
Rhus aromallca 'Gro-Low' 
Rhus typhma 
Rhus typhma 'Laclanata' 
Rosa hugoOis 
Rosa muluflora 
Ro~a rubnfoha 
Rosa wlchunana 
Splraea bu mal da 'Anthony Waterer' 
Spuaea bumalda 'Goldtlame' 
Spuaea mppomca 'Halward'~ Sllver' 
Splraea vanhoutll 
Vlbumum lantana 'Mohlcan' 
Welgela flonda 'BT1~tol Ruby' 
Welgela flonda 'Vanegata' 

FI\'c1eaf ArahJ 
Amur Maplt: 
S.l",,".ltOllll Sen Kcbcrry 
DO\\ n~ Sen Ilehcrr~ 
JJpJnc~e AngehL •• '1 ree 
Red ChoJ..eherr) 
BlaLJ... ChoJ..eberry 
BU\lcrtl) Bu ... h 
Slhcn.m Pc.t"hruh 
Cutlea!' Pea\hrub 
p} gmy Pe.t\hruh 
Globe Pe,I\luuh 
EJ"tem lZetlbut\ 
J.tpane"e QUll1u: 
Flowenng QUllILe 
Texa~ SUlriet Howcnllt! Qumce 
Toyo-NI\IIlJ...1 Ilowellllg QUIIll'C 

Comch.1Il Chen y 
Srnoketree 
Purple ~ll1oJ..etree 
Roy.!1 Pur-ple ~11l()J..etrce 
Sprcadmg Co!One.t,>tcr 
Rod,"pr.ty COlonea"lcr 
Cardm,tl AUIUIIlII ( live 
Sprndlctrce 
Showy h>r\yl/II,I 
Scabud,thorn 
St John"wor! lan\lly 
Kahn St John"wor! 
Sungold lIypcrLllltll 
Beautyhu,>h 
Amur Pnvcl 
Ibohum Pnvet 
Reger" Pnvct 
Tatanan Honey\ud..lc 
Nonhern hdyberry 
Fragram SumaL 
Gro-Low hagrant Sumac 
Staghorn ')umac 
CUlleaf Slaghorn SurnaL 
Father Hugo Ro"c 
Japdne"e Ra\\! 
Red/caf Ro,>e 
Memonal Ro,c 
Anlhony Wdlerer Splrea 
Goldflame Splrea 
Halward'., Sllver Splrea 
Bndlewreath Spm:a 
Wayfanng Trec 
Bmtol Ruby Welgcla 
Vanegalcd WClgcla 
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EVERGREEN AND BROADLEAF EVERGREEN SHRUBS 
Aruo,>taphylo\ uva-ur\1 Vancouver Jade' 
I:uonymu\ 'fJ!1unel 
Euonymu'i fortunel Cnloratu\ 
Euonymu', fortunel Sarcox le' 
JUlllpcrm chme""l\ HctzlI' 
Junlperu<, c1l1nen<,l<, Mountbatten' 
JUlllpcru'i chmen<,l., Pftlzenana Aurea' 
JUlllpCru<, 'icopulorum Blue Heaven 
JUlllperu~ <"opulorum Wmter Blue' 
Mahorua aqulfohum 
l'mu<, mugo mugo 
Yucca filamcnto<,a 
Yucca glauca 

PERENNIALS 

Achillea tomento"a 
Anthcnm tmcton.! Golden Orange 
Campanllia po<,char<,J..yana 
Cera"lllIlll tomenlo<;a 
C'Ofl;OpC,l<, vertlullata 
Dlanthu<, dcltOldc<, Bnlhant Cascade' 
Dlanthll<, gremadm 
Echll1op'i banatll U\ Blue Globe' 
Euphorhla polychroma 
Echmacea purpurea 
Cimllardm gramhflora Dazzler' 
IkrncTOcah<, , Beng,tleer' 
Kmphofia uvana 
Lavandul.lofficmah\ 
Llaln., pycnmla ... chY,1 
Llaln .. pycnmla<;chya . Alba' 
Llaln., puncl,lIa 
Lllnonulln latlfohum 
Lmum perenne 
Mah a mo<,hala' Ro.,ea' 
I\lonarda fistula 
Nepeta 
Onganurn vulgare ' Aureum' 
Pl'n<,tclllon 'Pr.urIe Flre' 
Pen<;temon 'l'ml fohu .. ' 
Phlm. 'iubulata 'Rubrum' 
Rudhed .. la fulglda 'Gold.,lrum' 
Rudhed.l:I Imla . Rusllc I\hx' 
S,lh la oftïcmah~ 
Sl.ll:h~ '" lanat.1 
Thymu .. p"eudolanugmo'ius 
Thymu .. <;erphyllum 
Thymus \'ulgan., 

SEDUMS 
Sedum caullcola 
Sedum J..aml'ichatlcum 
Sedum spectablle '\' anegatum' 
Sedum spunum 'Dragon's Blood' 

Vancouver Jade Bearberry 
Wmtercreeper Euonymus 
Colorata Euonymus 
Sarcoxle Euonymus 
Hetz Juruper 
Mountbatten Jurupcr 
Golden Pfltzer JUlllper 
Blue Heaven JUlllper 
Wmtcr Blue JUllIper 
Oregon Grape 
Mugho Pme 
Adam''i needle 
SpallIsh Bayonet 

Dwarf Wooly Yarrow 
Marguerite DaiSy 
Serblan Bellflower 
Snow m Summer 
Threadleaf coreopSlS 
Garden Pmk 
Carnation 
Blue Globe Thlstle 
CushlOn Spurge 
Purple coneflower 
Blanket Flower 
Dayhly 
Red Hot Poker 
Lavender 
Gay-Feather 
White Ga)-Feather 
Dotted Gay-Feather 
Sea Lavender 
Blue F1ax 
Rose Mallow 
Wild Bergamot 
Catmlllt 
Golden Oregano 
Beardlongue 
Pille Leaved Penstemon 
Mo<;s Phlox 
Black Eyed SU'ia'l 
Glonosa DaISy 
Garden Sage 
Lamb's Ear 
Wooly Thyme 
Mother of Thyme 
Corn mon Thyme 

Shortleaf Stonecrop 
Orange Stonecrop 
Showy Stonecrop 
Two Row Stonecrop 
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APPENDIX FOUR 

COMPARISON OF TRADITIONAL AND WATER-CONSERVING LANDSCAPES 
(from Nelson, 1987) 

UJ",pam01/ of tradlilolloi and &t'alti' C01/Sl'rtI'"i Io"dscapes-Mar 1-/1.'01 15. J 985 

Paramp\er 

W.trr apphed lu lands.capr 
P(', du·-IOO CM /1 (100 '" J) 

Pt, du p"r daY-/f1û lU 
D.r, Pnllre IlndvaPf'-'" Ir",) 

Liloor upmd.'<1 
Turl P"f du-Arotm 
Nonlurf p'" du- 'o .. n 
Total-~.,., 
Turl p'" IO:)() l!oQ ft (90 m'}-Aolfn 
Nonturl p"r 1000 IQ ft (90 m'}-JIOIf,., 

Frnlhur appllt'd. 
Turl p"r du -lb Iq) 
Nonlurf ~f du-lb Iq) 
Total prr du-lb Itg) 
Turf prr ICI ft (0 1 m'}-4J' W 
Nonlurf prf aq ft (0 1 m'}-oa c.:1 

Furl (pllOlmtl ulf(l 
MDWlna and hlullllil1urlt-,.,1 (1..; 
HauhllM nonlurf chpPlni~t-,.,1 (L) 
T otal-,.,II /.) 

H~fblrtdfo appll~~ 
1 url ue" prr du- '" (xl 
Nonlu,f afU pt'f dU-<ll (gI 
1 otal area Pf'r dU-Dl (6' 

Cro .. rOlldll 

105 (2 Q7) 
216 (~18) 

79 (200) 

60 
48 

J08 
80 
57 

25 1 (II 4) 
47 (21) 

29 8 (135) 
053 (15) 
009 (25) 

242 (916) 
1 15 (43.'i) 
357 (l3.'i) 

079 (22) 
066 (18) 
1 45 (41 Il 

DPuflpld 

lOI (286) 
206 (780) 
63 (160) 

56 
51 

107 
63 
50 

43 5 (197) 
o 

435 (197) 
078 (22) 

o 
184 (696) 
019 (071) 
203 (768) 

171 «(85) 
171 «(85) 
3 42 (96 9) 

Tradltlonal Landllcapea 

Mpadowa 

83 (236) 
171 (647) 
66 (168) 

7.4 
61 

135 
112 
72 

27.7 (126) 
34 (15) 

311 (141) 
068 (19) 
006 (17) 

1.15 (435) 
028 (10) 
144 (545) 

0(8 (13) 
069 (19) 
117(332) 

The Woods 

62(177) 
126 (477) 
38 (96) 

73 
65 

138 
10.1 
53 

385 (175) 
60 (27) 

44 5 (202) 
085 (24) 
008 (2.3) 

2.07 (783) 
o J6 (13) 
242 (916) 

063 (17) 
024 (68) 
087 (24) 

Wp,.h\t'd 
Averait' 

77 (21111 
157 (594) 
53 (135) 

71 
61 

132 
100 
59 

33 2 (150) 
46 (21) 

378 (17.1) 
075 (21) 
007 (20) 

176 (666) 
042 (15) 
218 (825) 

064 (18) 
052 (14) 
1 16 (329) 

T()t .. 1 UVtniS prr du-$ 
---------------'--_____ L-_____ -IL.. -------'-------'--------1 
·du~ ... rlhl1M unIt 
tTYPlcally 1 f.~1 arlll'lil mil "mllar 10 16N-6K 8P 
tAvrrag!' "lUnd Inp haul dls!ancr 10 dump was 137 ml (22 0 km) 
§AlmO'it ndll".t'I). Roundup. Mon~anlo (o. Agncultural ProdllcI~. St LO\lIs. Mo 

Compomo" of t,.od,tlo"a/ aruJ II/att''' COtlHrvl"g laruJ.~caj1e5-Ma,. 1-Nov 15. 1985 (co"t,,,,,«I) 

Waler Conurvln. Landacape. 

IlIftado Cnrk Scottadalr Oakmoal 

:l'l(l!) 
fk) (303) 
4.1 (109) 

57 
65 

122 
134 
96 

145 (6 f>8) 
47 (2)) 

192 (871) 
055 (16) 
011(31) 

117 (443\ 
031 (117\ 
l.a (560) 

000 (001 
035 (9 ~l) 
055 (156\ 

39 (II) 
79 (299) 
49 (124) 

27 
30 
57 

114 
42 

98 (U) 
o 

98 (U) 
065 (18) 

o 

064 (24) 
006 (0.23) 
070 (26) 

006(17) 
041 (11) 
047 (13) 

20 (056) 
41 (155) 
6 (15) 

49 
119 
168 
151 
32 

e 3 (4.2) 
93 (42) 

18.6 (844) 
046 (13) 
004 (11) 

112 (424) 
0118 (33) 
200 (7.57) 

000 (00) 
300 (85.0) 
300 (850) 

36 (10) 
72 (272) 
27 (68) 

4.2 
58 

100 
130 
46 

113 (512) 
3.3 (15) 

146 (662) 
057 (16) 
0.04 (1 1) 

091 (34) 
0.30 (1 1) 
1-21 (458) 

003 (08) 
087 (24) 
0.90 (25) 

41 (11) 
85 (322) 
26 (66) 

29 
03 
32 
301 
1.2 

219 (993) 
13 (059) 

232 (105) 
018 (5.1) 
003 (0.85) 

085 (32) 
012 (045) 
097 (36) 

061 (17) 
035 (99)1 
026 (74) 

54 
54 
49 

41 
5 

25 
301 
21 

66 
28 
61 
24 
43 

48 
29 
44 

95 
67' 
Z2 

Unit c.a.1 

10 69/100 cu fI (2 83 ml) 

11130lhour 
III ]olhoor 
111 ]olhoor 

10 38IIb (0 45!ka) 
10 38/1b (0 45!ka1 
10 38IIb (0 45!ka) 

10 98/pl (3 811 .. ) 
.. :)8/pl (3 811 .. ) 
10 98/pl (3 !!lL) 

1O.70/oz (2811l 
10 10/or (2811) 
~. 70/or (2811) 

Savin .. 

2837 

3339 
3]0 

3669 

8.31 
049 
Il.110 

0.84 
0.12 
096 

042 
0.241 
018 
7500 

378 

489 

117 

13 

03 
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APPENDIX FIVE 
SAMPLE PLANT LIST AND PLANTING PLAN FROM CITY OF KITCHENER 

NATU RALIZATION/REFO RES TATIO N PROJECT 

\d l~wad Cr&k. 
Clh{ of KiteJ,ene,y 
JlA~ Iqqo 

PLANT LIST -IDLEWOOD CREEK 
City of Kitchener 

PrOlect #1014 
Date Oetober 5. 1990 

Quac"'v 1 BotanLcal Name , 
iEVergreen Trees 

1": 1 La 'x lar IClna 

1-3 l''.nu, strotus 
.ê;:l ïrula occ,C~ntaIIS 

1 Ceclduou:i Trees 

. 2 ;'cer rubrum 
--- Ace r ~:lcchar mum ---
:::0 A nus rncana 
:..1 F 3XlnUS amerlcana 

I·~ Fr3.(!nUS nlgra 
01 Po~\..lus !Jals.mltera 

I~ -. 
~':C\.IUS ca'1aC p nsl!. 

I~~ PC~UIU$ celtCldes 

: 3J ?cpulus treml.l!olces 
1 

1 Dec,duouo Shrubs 
1 

\-J: Amelanchler alndol13 

l'a Amelanch,er canadenSis 
=-...:: Cornus seflcea 

1 " ";amamells vlrg\nlana 
I;~ Sallx C!$COlcr , 
1: 5 V b\.tnum lent3go 
1';2 Vlcurnum tn!colJm 
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(fram Hough et al, 1990) 
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·.:to ~::rln9 plant,ng ontt 01 ~are root .:..ck 
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APPENDIX SIX 
PLANT LIST FROM SOUTH-WEST TRANSITWAY CORRIDOR 

NATURALIZATION/REFORESTATION PROJECT 
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APPENDIX SEVEN 
COST COMPARISONS OF 

NATURALIZATION/REFORESTATION PROJECTS 

138 

COST COMPARISON OF MATERIAL, LABOUR AND EaUIPMENT FOR FORMAL AND NATURALIZED 

LANDSCAPES FROM NORTH YORK NATURALIZATION PROJECT 

(from Granger, 1984) 

Formai Treatment with Turf 

Plant material and avg.slze 
60 mm cal trees 

-D.Q 
23 

50 cm height shrubs 155 
ground caver 100 
Total matenal cast 
Equipment and Labour for planting 
Three years of maintenance (equipment and labour) 
Replacement 
Total 

NaturalizedlReforested Landscape 

Plant mate rial and avg size no 
15-39 cm seedhngs 1000 
wood chlp mulch 45 cublc yards 
total matenal cast 
equipment and labour for planting 
Three years of maintenance (equipment and labour) 
Total 

total pnee ($) 
2 061 

900 
390 

3353 
1 663 
8 529 
1 697 

15 243 

total pnee ru 
420 
300 
720 
918 

2 791 
4429 

Cast per m2 @ approx. 4050m2 =$1.10 for 1981 naturallzed plantmg and $3 76 for formai 
landscape 
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• COST ESTIMATE FOR CITY OF KITCHENER NATURALIZATION/REFORESTAION PROJECT 

WOODLAND AND MEADOW PLANTING (from Hough et al, 1990) 

Idlewood Creek (Phase One) 

Item Size Quan $/unit Total $ 

Evergreen trees 
specimen trees 80-100mm 193 50 00 9650.00 

Declduous trees 
whlps 100-200cm 918 30.00 27 54000 
seedllngs 30-60cm 450 10.00 4 500.00 

Declduous shrubs 
shrubs 60-80cm 202 20.00 4040.00 
seedllngs' 25-40cm 517 10.00 5 170.00 

Bed preparation 
clearing and discmg 
black plastiC 2005m2 2005m 2 2.50 501250 

• mulch 2005m2 2005m2 2.50 5012.50 

Meadow 2850m2 2.50 7 125.00 

Total 78075.00 

Cost 1m 2 @ 2005m2 for woodland = $35.38 in 1990 prices 
Cost 1m2 @ 2850m2 for meadow = $2.50 in 1990 prices 

• 
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140 
COSTS OF MATE RIAL. lABoUR AND FIRST -YEAR MAINTENANCE FROM NeC's SoUTH-WEST TRANSrTWAY 

CORRIDOR NATURALIZATION PROJECT TEST PLOTS (trom Hough et a', 1989) 

Labour 
Equipment 
Material: Seedlings 

Populus tremuloides 
Hybrid poplar sp. 
Alnus crispa "mollis" 
Setula papynfera 
Fraxinus americana 
Acer saccharum 
Picea glauca 
Quercus rubra 
Tilia americana 
Cornus stolonifera 
Salix mgra 
Acer negundo 
Juglans nigra 
Total 

Maintenance 
Labour 
Mater!al 
Equipment 

Total 

Total 

Quan 

332 
190 
537 

83 
300 
186 

25 
27 
36 

100 
65 
82 
42 

Priee ($) 

876761 
3651 92 

2 155.00 
57000 
29500 
44500 
27000 
32000 
26200 
30500 
229.00 
20000 
243.75 
205.00 

4620 
5275 15 

443556 
187.00 
61900 

5241 56 

23307.53 

Cost per m2 @ 8 800m2 = $2.65 for the 1983 plantmg 
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APPENDIX EIGHT 
ANNUAL MAINTENANCE REQUIREMENTS FOR WOOOLAND 

AND TALL GRASS PRAIRIE GARDEN 

Table 1: 100m2 Woodland Area 
Annual Labour Requlrments 

Item (source: Hough et al, 1990) total time (hours) 
(source: Cobham, 1990) 

Years 1 ta 5 (before canopy closure) 
- addition of mulch and removal of perforated 

polyethelene 
- hand cultlvate for cntical weed growth 
-water ln drought periods 

Years 5 to 15 (after canopy closure) 
- remove 30% of pioneer species 

Years 15 to 25 
- gradually remove rest of pioneer species 
-th ln climax species 

Years 25+ 
- continued thlnning of climax species 

TOTAL (until year 15) 
TOTAL (until year 25) 

9.0 
1.3 

as needed 

1.6 

3.2 
2.4 

as needed 

0.8 hours 
0.5 hours 

1. Maintenance of shrub and groundcover edge in addition to this time requirements. 

Table 2: 100m2 Tan Grass Prairie Area 
Annual Labour Requlrements 

item source total time (hours) 
Years 1 to 3 (pre-establishment) 
-hand weedlng Dorney (1985) 6 

Years 3+ (post-establishment) 
- one mowing Cobham (1990) 1.0 
- hand weeding Dorney (1985) 1.0 

TOTAL(untli year 3) 7.1 hours 
TOTAL (after year 3) 2.0 hours 

1 . Maintenance of shrub and groundcover edge in addition to this time requirements. 
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Table 1: Perennial wildflowers that are native to Ont~~io , that have been recorded or planted on 
roadsides, or recorded in Ontario tallgrass prairie communities 

SCi.Dtific If ••• 

Anaphalis margaritacea 
Anenome cylindrica 
Antennaria neglecta 
Apocynum androsaemifolium 
Aster azureus 
A. erociodes 
A. laevis 
b nova-angliae 
b ptarmicoides 
Baptisa leucantha 
Campanula rotundifolia 
Clchorium lntybus 
Coreopsis lanceolata 
Desmodium canadense 
Epi10bium angustifolium 
Euphorbia corollata 
Fragaria virgigiana 
~ aleppicum 
Helianthus laetiflorus 
!h .L. var. riqidis 
Heliopsis helianthoides 
Krigia binora 

LespedeZ8 capitata 
Liatris spicata 

Lithospernum canescens 
Lobelia spicata 
Lysimachia guadrifolia 
Monarda fistulosa 
Penstemon gracilis 
Phlox divaricata 

CO_aD If ••• 

pearly everlasting 
long-headed thimbleweed 
pussey toes 
spreading dogbane 
azure aster 
heath aster 
smooth aster 
New Eng1and aster 
upland white aster 
white false indigo 
harebell 
common chlcory 
sand coreopsis 
showy tick trefoil 
fireweed 
flowering spurge 
wild strawberry 
yellow avens 
showy 8unflower 
stiff sunflower 
false sunflower, ox-eye 
two-flowered eynthia, 
false dandeli~n 

round-headed bush clover 
gayfeather, 
spike blazing star 

hoary pucoon 
spiked lobelia \ 
narrow-leaved loosestrife 
showy wild bergamot 
slender beard-tongue 
sweet william phlox, 
blue phlox 

. b 2 He19 t 
(c.) 

30 - 60 
30 - 70 

5 - 30 
JO - 120 
la - 100 
20 - 200 
JO - 100 
to 250 
la - 60 
to 15 
15 - 40 
30 - 150

5 

30 - 60 
60 - 120 
10 - 200 
50 - 100 
12 - 20 
30 - 150

1 

15 - 250 
15 - 250 
30 - 150 

20 - 70 
60 - 120 

30 - 180 
10 - 45 
20 - 110 
20 - 90 
60 - 90 
20 - 40 

15 - 40 

2 
Sail Moisture 

Regi.e 

mealc 
mesic - dry 

dry 
mesic 
mesic 
mesic 
moist 
dry 
mesic 
mesic 

dry 
mesic 

dry 
- dry 
- dry 
- mesic 

- dry 

meeic - moiet 
moiet - dry 
moist - dry 

moi!t - dry 
dry 
mesic 

mesic 
mesic - dry 

wet - mesic 
mOl.st- dry 
mesic - dry 
wet - moist 
wet - dry 
dry 

moist 

3 
Source 

B 
4 
5 

B 
4 
2,4,5 
2,4,5 
3,6 
4 

7 

4 
3,8 
3 
2,7 
8 
4 
5 
1,4 
2 
7 

4,7 

5 
2,5,6,7 

3,5 
5 

5 

5 
4 
4 
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• • • 
Table 1: Perennial wildflowers that are native to Ontario

1
, that have been recorded or planted on roadsides, 

or recorded in Ontario tallgraee prairie communitiee (cont'd) 

Bci.ll~ific Na •• CO_OIl Na.e 

~ maculata wild 8weet william 
i..:. pilosa prairie phlox 
Potentilla arguta tall cinquefoll 
Prunella vulgaris healall 
Pycnanthemum virginianum mountain mint 
Ratibida ~innata greyhead prairie coneflower, 

yellow coneflower 
Si12hium terebinthinaceum prairie dock 
Solidago altissima tall goldenrod 
b canedenaia Canada goldenrod 
b 1uncea early goldenrod 
§.:. nemoralis gray goldenrod, 

field goldenrod 
b ohioensis Ohio goldenrod 
b rigida stiff goldenrod 
§..:. 8peciosa 8howy goldenrod 
Verbena stricta hoary vervain 
Veronicastrum virginicum culver's root 
Zizea aurea 

1 
2 
3 

Reference: 
Reference: 
Sources: 

golden alexanders 

Fernald, 1970 
Sullivan and Daley, 1981 
1 - Eaton and Sehrot, 1987 
2 - Landera, 1972 
3 - Mass. Dept. of Public workd8, 1989 
4 - Ray, 1987 
5 - Roberts et al., 1977 
6 - Salac et al., 1978 
7 - Sehramm, 1968 
8 - Strickland and LeVray, 1980 

Reigbt2 

(CID) 

30 - 90
1 

10 - 15 
30 - 100 

5 - 60 
30 - 100 

50 - 150 
100 - 300 

70 - 200 
30 - 150 
60 - 130 

15 - 100 
30 - 90 
30 - 150 
60 - 200 
30 - 120 

100 - 200 
30 - 100 

sail Moisture2 

R.gi •• 

1 mesic-moist 
mesic 
mesic - dry 

moist - dry 

dry 
meeic - dry 
moiet - dry 
moiat - dry 
dry 

dry 
wet - moiet 
mesic - dry 
moiat - dry 
mesic - dry 
wet - mesic 
moiet 

4 
5 

Fernaid (1970) indicated that~ ~ var. strictumis native but ~ ~ is not 
Alex and Switzer 

3 Source 

1 
6 
4 
5,8 
7 

2,4,6,7 
7 

2 
3,8 
5 

4 
5 
2,7 
4 
4 
5,7 
5 

....a. 
,f:. 
W 
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Table 2: perennial wildflowers that are naturalized in Ontario! that have been recorded or planted on 

roadsLdes, or recorded Ln Ontario tallgraes praLrie communLties 

ScieDtific N.a. 

Achillea millefolium 
Chrysanthemum leucanthemum 
Echium vulgare 
Hemerocaliis !Y!!! 
Hiercium aurantiacum 
!!.:.. florentinum 
Hypericum perforatum 
Hypochaeris radicata 
Linaria vulgaris 
Lotus corniculatus 
Potentilla argentae 
Ranunculus acris 
Sedum purpurewn 
Vicia cracca 

1 

CO_OD Na •• 

yarrow 
ox-eye daisy 
blueweed 
day lUy 
orange hawkweed 
king-devil hawkweed 
common St. John's-wort 
cat's-ear 
toadflax 
bird's-foot trefoil 
silvery cinquefoil 

common buttercup 
live-forever 
purple vetch 

2 - Reference: Fernald, 1970 
- Sources: 1 - Eaton and Schrot, 1987 

2 - Hass. Dept. of Public Works, 1989 
3 - Roberts et al., 1977 

3 4 - Strickland and LeVray, 1980 
4 - Height of flower stem (scapa) 

- Reference: Alex and Switzer 

Beigbt (ca) 
1 Source 

2 

JO - 100 2,4 
30 - 100 2,4 
30 - 90 4 

50 - 2093 1 

20 - 70 4 
15 - 1003 3 
30 - 90

3 
4 

20 - 40 1 
to 130 

4 
4 

low, apreading 1,4 
10 - 50 4 

10 - 150 4 
20 - 80 

4 
1 

apreading or clirnbing 4 

~ 

A 
A 
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Grasses 

Big Bluestem3 
3 

Canada Wild ~ye 
Indian Grass 3 
Little Bluestem 

Herbaceous Plants 
3 

Azure Aster 2 
Black-Eyed Sus~ 
Butterfly Weed 2 
Canada Goldenrod 2 
Common Evening p~mrose 
Indian Paintbrush 3 
Jerusalem ArtiChoke 

Shrubs 
Carolina Rose2

1 New Jersey T~a 
Winged Sumac 

1 Spring flowering (May-June) 

2 Summer flowering (July-August) 
3 Fa1l flowering (September-October) 

4 produces berries attracting birds 

• 
PLANTS FOR THE PRAIRIE GARDEN* 

Long-Headed :2imbleWeed2 
Poke Milkweed1 
Prairie Smoke 3 
Round-Headed Bush ~lover 
Showy Tick Trefoi12 2 
Sunflower - c2mmon and prairie 
Wild Bergamot 

• 

* We suggest local weed by-laws be checked as 
sorne rnay prohibit planting certain herbaceous 
species. By-laws vary considerably between 
jurisdictions. 

~ 

~ 
<.n 
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APPENDIX TEN 
COST COMPARISON OF LAWN AND PRAIRIE GARDEN 

INCLUDING INITIAL AND ANNUAL COSTS 
(from Dlekelmann and Bruner, 1988) 

COSTS FOR 8,000 SQ. FT. (80' x laD') (1987 PRIeES) 

LAWN PRAIRI E 

146 

SEEDS $ 108.80 ($3.40/lb.) $ 440.00 (5.5 oz. @ $iO.OO/oz.) 
TOP SOIL 937.50 ($12.50/cu.yd.) No t Ne eded 

TOTAL 

SOD & 
PLANTS 

TOP SOIL 

TOTAL 

NOTES: 

$},046.30 

$1,392.00 ($I.50/yd.) 
937.50 ($12.50/cu.yd.) 

$ 2,329 .50 

8.00 (mowing-first and 
second growing scason) 

$ 448.00 

$6,000.00 ($O.SO/plant) 
No t Ne edcd 

$6,000.00 

Site preparation and installation are not includ-
ed. Site preparation costs vary according to 
specifie needs of the site (prairies usua] 1 y need 
1ess site preparation than lawns). Water require-
ments for installation may be equal in dry years. 
Labor and water costs are assumed to be equal in 
either planting. Multiply materlals by two to 
three to obtain their installed cos t. 

MAINTENANCE COSTS FOR 8,000 SQ.FT. (80' x 100') (1987 PRIeES) 

FERTILIZER (2 applications of 28-7-8) 
WATER (700 gaI./week for 20 weeks) 
WEED KILLER (l quart) 
MOWING (4 gallons of fuel/season) 
MOwER REPArRS/REPLACEMENT 

TOTAL 

LAWN 

$1 7.00 
85.50 

7.50 
4.00 

30.00 ---
$144.00 

PRAIRIE 

No t Needed 
No t Needed 
No t Needed 
No t Needed 
30.00 -

$30.00 
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APPENDIX 12 148 

PLANTING DETAILS FOR STANDARD AND NATURALIZED PLANTINGS 

I~~; 
..... iiiIii .... --- '="-==== .... Standard deciduousl cOnlferous tree, 

~<------ shrub and groundcover plantlngs 
trom Lashley et al (1990) 

Gù CONlFEROUSTAEEPLANTlNG Naturalized Tree Plantlng 
~ NTS (trom Corush et al, 1987) 

t----=------:----------+------------ ---------___ _ 

I~I 
~--

'----0010' ..... ....,. 

@ DECIDUOUS TAEE PLANTING 

NTS 

.... _------
-----.--.---_ ... _-
-::..--:.:.w.:.':.: 

~''''+-===---
~F-----mm ..... -.---® SHAUB PLANTlNG IN BEDS 

l3 NTS 

._-

am.-----
PEAENNIAL 1 GAOUNDCOVEA PLANnNG 

NTS 

@ PLANTING LAYOUT 

,_'1\----- -
"j; 

F(., plantlnq ln .. hCI-'()t1.Vt •• , .. t.le f' hll 
.,~' -.1111-_""- ••• 1'I.ta, 1 "Il" 

(lit Ih, .. , 'fi ail ,w-

·'I, •• d "" If! l,,.. 'f "',~ 

"')1 •• , 
1) 1 1 "", 1. H, •• 1.'" Il''1 ".,. ',.un 1".,,11 Il J .'.111 ,,,1 '1 

"'.,., Ih" t'JI' 4), ... " 1IIt,IiI 

l'l'" to, 1 .. l'''. """ 

]1 'rl'H 'l, ",., :1"'1 II,., 
"1",'".1 "",.' , .. "lot III "P., 

" "11 r,I,,"'I,., 1 .. '1'''''' ••• 
rj~I.11 ft/l', 

1 41') .... "",'h lb.'" fI Il'11 

If., '0' .'.11 III •• " , ... ' ....... 11 .fI" ",~I, t. 

"BLACK EMBOSSED POLY" a MULCH 



• 
oDeration 

meehanieally dise sail 
ta depth of 150-200mm 
to an even tilt~ 
(no existing vegetation) 
-remove stones/ debris 
over 50mm in diam 

spray contact herbicide 
simazine 

sow non-turf grass seed 
-bury seeds lightly and 
firm with roller 
-water to approx. 1500L 

install nursery-qrown 
wildflower plugs 
-water plugs once 
-no sail ammendments 

stake-out and plant 
2-yr bare-roat 
seedling (4-5'ht) 
-remove dead and 
injured branches 

after planting seedlings 
install black plastic 
p~rforated weed barrier 
film with staples 
@ 300mm centres 
-overlap to JOOmm 
-eut film around trunk 

• 
Res.arch for Installation Costs of Landscape 

operations for Wood land and wildflover Development 

are a or unit 

1000m2 

500m2 @ 4.7kg/ha 

500m2 @ 1-1.5g/m2 

500m2 @ JOO-500mm O.C. 
500m2 

500m2 @ 1.5m O.C. 

200m2 

material cost total cost 

$2.44/kg 

$1.50/ 4" pot 

$5.00jseedling 

$213.90 
5'x 4000' roll 

• 
C') 
o 
Z 
-1 ::a » 
o 
d 
:::u 
cn 
c: 
:::0 

»< zm 
c-< 
-1"" »0 
r;;U 
rn 
Cl» 
;;ur» 
»0"'tJ cnc"'tJ 
cn!;m 
"'tJ-t Z 
:::0-0 »0--z)( 
:::u "'-0'" m"","" 
"'tJ-
!;~ 
z~ 
-t» zr 
(;)0 
cnO en 
~ 
en 
o 
." 

:E o 
o 
c 
!; 
z 
o ~ 

~ 
f.D 



• 
oDeration 

install pinebark mulch 
on weed barrier 

apply rodent repellent 
to seedling trunks 
to 450mm from ground 

apply root stimulant 
te bare-reet seedlings 

apply fertilizer in 
planting hole of 
bare-root seedlings 

water once per week 
for lst 4 weeks 

install ground cover 
in previously prepared 
beds -rernove pot 
-no sail arnmendments 

rnulch (pine bark) 

water ground cover 
as per seedling watering 

install brick shaped 
unit pavers with 3mm sand 
swept space and pavetech 
edging -Bnse: 25mm 
stonedust, 150rnm Granular 
A, 300 Granular B 

• • 
are a or unit material cast total cast ta imDlement 

200rn @ 40mm depth 

300 seedlings @ ?L/sdl 1 $14.49/1L 

300 seedlings @ ?L/sdl 1 $38.95/IL 

300 seedlings @ 42g/sdl 1$20.00/kg 

300 seedlings 4 tirnes 
in. 5LI tree 

300m2 
3.5" pot @ 600mm O.C. 
l gal. pot @ 1.5m O.C. 

'300m2 @ 5 Omm depth 

100m2 

$2.30/pot 
$IO.95/pot 

for unit paver installation only, 
please include cost of aIl materials 

~ 

0'1 
a 
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APPENDIX 14 

INITIAL COST CALCULATION FOR SIMULATIONS: DETAILS AND SOURCES 

Table 1: Conventional Option 

Item quantlty cast/unit source total $ 

Declduous Trees (60mm cal) 4 280.00ea H1 1120.00 
Deciduous Trees (40mm cal) 8 165.00ea H 1320.00 
Evergreen Trees (1800mm Ht.) 4 290.00ea H 1160.00 
Shrub Accp.nt (80-120cm Ht.) 12 23.50ea H 282.00 
Shrub Acccent (50cm Ht) 53 12.25ea H 649.00 
Annual Flowersl Perennials 50m2 15.60/m2 C2 780.00 
Sad (tapsOlI, fine gradlng) 852m2 5.68/m2 H 4839.00 
Equipment (underground irrigation) CT3 3834.00 

TOYAL 13984.00 

Equipment (portable spnnkler) CT 568.00 
TOTAL 10718.00 

1. Hanscomb (1993) Ali prices from Yardsticks for Casting include staking and guying, 
excavation, reinstatement and quarentee. Ali trees are balled and burlapped nursery grawn 
stock. 
2. Prices calculated fram contractor survey (Appendix 13) 
3. Prlces calculated tram Canadian Tire 1993 catalogue. Priee includes gas powered push 
mower, hand operated trimming, lopping, pruners, edgers, spreaders, sprayers, rakes, 
shovels, hose, sprinkers. 
4. Prlces do not Include PST or GST. 

Table 2: Alterative 1 

Item quantity cast/unit source total $ 

Declduous Trees (60mm cal) 4 280.00ea H 1120.00 
Declduous Trees (40mm cal) 9 165.00ea H 1485.00 
Evergreen Trees (1800mm Ht.) 3 290.00ea H 870.00 
Shrub Accent (80-120cm Ht.) 91 23.50ea H 2139.00 
Shrub Acccent (50cm Ht.) 159 12.25ea H 1948.00 
Groundcover (10cm pot) 330m2 21.50/m2 7095.00 
Sad 310m2 5.68/m2 H 1766.00 
Equipment (underground irrigation) CT 1712.00 

TOTAL 18135.00 

Equipment (portable sprinkler) CT 568.00 
TOTAL 16991.00 
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Table 3: Alterative 2 

Item quantity cast/unit source total $ 

Deciduous Trees (60mm cal) 4 280.00ea H 112000 
Deciduous Trees (40mm cal) 7 165.00ea H 1155.00 
Evergreen Trees (1800mm Ht.) 4 290.00ea H 1160.00 
Shrub Accent (80-120cm Ht.) 101 23.50ea H 2374.00 
Shrub Acccent (50cm Ht.) 235 12.25ea H 2879.00 
Groundcover (10cm pot) 387m2 21.50/m2 C 8321.00 
Equipment CT 237.00 
Unit Pavers 96m2 47.00/m2 C&H 4512.00 

TOTAL 21758.00 

Table 4: Alterative 3 

Item Quantitv cast/unit source total $ 

Deciduous Trees (25-50mm cal) 17 165.00ea M 2805.00 
Deciduous Seedlings (1000-1250mm Ht.) 53 19.93ea C 1255.00 
Evergreen Seedlings (1000mm Ht.) 28 19.93ea C 558.00 
Shrub Accent (80-120cm Ht.) 61 23.50ea M 1433.00 
Shrub Acccent (50cm Ht.) 83 1225ea M 1017.00 
Groundcover (10cm pot) 95m2 21.50/m2 C 2043 00 
Black embossed film with 
mulch covering 347m2 6.43/m2 C 2231.00 
Woodland Groundcover 149m2 11.00/m2 C 1639.00 
Sod 280m2 5.68/m2 M 1590.00 
Equipment (underground irrigation) 1864.00 

TOTAL 16435.00 

Equipment (portable sprinkler) 568.00 
TOTAL 15139.00 

1. Refer to Breakdown of Unit Costs from Contractor Survey for details of Woodland and Tall 
grass prairie costs . 
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Table 5: Alternat~ve 4 

Item quantity cast/unit source total $ 

Deciduous Trees (25-50mm cal) 15 165.00ea M 2475.00 
Deciduaus Seedlings (1 000-1250mm ht.) 61 19.93ea C 1215.00 
Evergreen Seedhngs (1000mm Ht.) 27 19.93ea C 538.00 
Shrub Accent (80-120cm Ht.) 38 23.50ea M 893.00 
Shrub Acccent (50cm Ht.) 41 12.25ea M 502.00 
Groundcover (1 Ocm pot) 69m2 21.50/m2 C 1484.00 
Black embossed film with 
mulch covering 278m2 6.43/m2 C 1787.00 
Tall grass prairie 231m2 17.13/m2 C 3957.00 
Woodland Groundcover 224m2 11.00/m2 C 2464.00 
Equipment 568.00 
Unit Pavers 94m2 47.00/m2 C 4418.00 

TOTAL 20301.00 

1. Refer to Breakdown of Unit Costs from Contractor Survey for details of Woodland and Tall 
grass prairie costs . 
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Breakdown of Unit Costs from CQntractor Survey 

• Cost of Installed seedlings ($ ea) 
seedlings 11.18 
rodent repellent 0.97 
root stimulant 1 .16 
fertilizer 1.16 
watering 4x 2.56 
cultivate sail 1.60 
herbicide 1.77 

Totalcost 19.931 

Cost of Installed black embossed film ($1 m2) 
film 3.79 
mulch 2.64 

Total cost 6.43 

Cost of Installed tall grass prairie (S/m2) 
disc sail 0.90 
spray herbicide 1.00 
sow seeds 0.93 
plugs 14.30 

• Total cost 17.13 

1. Ali priees include material and installation. 
2. Refer ta Tables 4 and 5 for total initial costs for Alternatives 3 and 4. 
3. Refer to Appendix 13 for Contractors' survey . 

• 
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APPENDIX 15 

SAMPLE SHEET FROM Nec OMS DATABASE 

= ACTIVITY PLA N N 1 N G 
[ Hg~t UnIt, C628 Hogs Dack Park 

Prog: 470 Shrubs/Hedge/Groundcover Op ActlVlty: 471 FertllIze Shrub/Hedge 
RESOURCES 

Lump Sum Total Cost: SO.OO 
$0.00 

Class Quantlty Rate 
Non-Genl:ral f'und: 

Inventorv: 
x Et tort Leve!: 

Work Quantlty: 
Avg Dal1 y Prad: 

5083.50 M2 
1.00 

5083.50 M2 
5083.50 M2 

Crew SIze: 2.00 Crew Days: 
It====== Apr May Jun Jul 
Percent 
Labor Days 

o 0 30 30 
001 1 

L 
E 
M 
M 
M 

1 Umt 
Aug Sep 

30 10 
1 0 

ELED3 
22 

230B 
293A 

NC0053 

Cost: 
Oct 

o 
D 

Elemental 03 
PIck 3/4 Ton 
Gas, No-Lead 
Safe,Glov/Mlt 
Fert 8-12-12 

Nov 
o 
o 

$0.06 Budget: 
Dec Jan Feb 
000 
000 

2.00 
1.00 

20.00 
1.00 

10.00 

Mar 
a 
a 

12.14 
2.15 
0.48 
5.12 
9.60 

2 

$322 

Total] 
100 

Ip============= MGMT UNIT TOTALS ===============ll 
Labor Days 
EmploYE:'es 

26 82 89 
144 

ProJectlon Factors: OFF 

92 
4 

101 78 72 
5 4 4 

31 
1 

7 
o 

7 
o 

8 
o 

Budget: 

7 601 
o 

$83,717 

[FI J: he Ip [F2]: DIstrIbutIon [ F 3]: RESOURCES [Esc]: qUlt 

ACT l VIT Y PLA N N 1 N G 
Mgmt UnIt: C32L Nepean POInt 
Prog: 510 Turf MaIntenance Actlvlty: 519 Turf Waterlng 

RESOURCES 
Lump Sum Total Cost: $0.00 Class QuantIty Rate 
Non-General Fund: SO.OO 

L ELED3 Elemental 03 0.50 12.14 
lnventory: 11959.00 M2 

x Ef fort Level: 10.00 
-----------

Work QuantItv: 119590.00 M2 
Avg Dal]y Prad: 20000.00 M2 

CreIN Slze: 0.50 Crew Days: 6 UnIt Cost: $0.00 Budget: $290 

1 

~ 
Apr May Jun Jul Aug Sep 

Percent 0 20 20 20 20 20 
Labo r [)(l_YS 0 1 1 1 1 1 
~~===-========== MGMT UNIT 

Oct Nov 
o 0 
o 0 

TOTALS 

Dec Jan Feb 
000 
000 

Mar 
o 
o 

Tata] 
100 

3 

Labor Days 7 10 10 12 
Emp lovees 0 1 a 1 
PrOjectIon Factors: OFF 

12 la 
1 a 

(FI ]: he 1 p (F2): DIstrIbutIon 

8 4 
o 0 

2 
o 

2 
o 

2 
o 

Budget: 

[F3]: RESOURCES 

2 80 
o 

$10,380 

[Esc]: qult 
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APPENDIX 16 

MAINTENANCE REQUIREMENTS FOR SIMULATIONS: DETAILS AND SOURCES 

Table 1: 100m2 Turf Ares 
Annual Maintenance Labour Requlrements 

Task Frequenc' Total Time/100m2 
-mowlng (PUSh mower <21") 31 5.1 hours 
-hand edging, trim & clean-up 12 13.1 hours 
-hand fertilization 2 9.5 min. 
-watering (underground pop-up 
sprinkler system) 10 -
-weed control (hand pump) 1 30.0 min. 
-hand overseeding of 10% area 7.0 min. 
-Ieaf raking (hauling by 
municipality) 1 60.0 min. 
-topdressing of 5% area 5.0 min. 
-hand sweepinQ/ aeratinQ 1 13.2 min. 

TOTAL 20.3 hours 
-portable sprinkler 
@ 20min for set-up and visit 
twice during run (Cob)4 10 3.3 hours 
TOTAL 23.6 hours 

1. NCC APR rcfer to the Activity Performance Report, NCC (1992) 
2. NCC refers to OMS database, NCC (1993) 
3. IMR refers to Institute for Maintenance Re~carch (1982) 
4. Cob refers to Cobham (1990) 

Table 2: 100m2 Turf Area 
Annual Maintenance Material and Costs 

Item Source amount S/unit 
-fuel @ 643ml/ hour T' 3.3 L o 56/L 
-fertilizer 1.5kg/1 00m2 OMAF2 1.5 kg 4.50/5009 
-irrigation @ 3cm/watering4 OMAF 30000L 0.88/1000L 
-weed/ pest control NCC 97ml 12.00/L 
-topsoil @ 50cm depth OMAF 0.45m3 20.23/m3 
-Iawn seed @ 2kg/l00m2 OMAF 180g 7.00/kg 

TOTAL 

l.T refers to Tecumseh Products Co. (1993), engmc manufacturer~ of rCMdcnllal 
lawn mowers. This fuel consumptlOn ratc is spccified for a 20 inch bladc, 4 Mrokc, 3.5 
horsepower push mower. Refer to table 1 of this appcndlX for numbcr of h{)ur~ 
2. cr refers to Canadian Tire 1993 catalogue. 
3. OMAF refers to Ontario Ministry of Agriculture and Food 
4. Walering frequency from NCC database.Refer to table 1 of this appendlx. 
5. RMOC relers to the Regional Mumclpality of Ottawa-Carleton 

Source 
NCCAPR' 
NCCAPR 
NCCAPR 

NCC2 
IMR3 
NCCAPR 

IMR 
NCCAPR 
NCCAPR 

NCC 

source total$ 
1.85 

CT3 1440 
RMOC5 26.40 
CT 1.16 
NCC 9.10 
CT 1.26 

$54.27 
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Table 3: 100m2 Turf Area 
NCC Annual Maintenance Materlals and Costs 

item quantity/100m2 $/unit total $ 

-fuel 9.4L 0.48/L 4.51 
-herbicide (round-up) 97L 14.50/L 1.40 
-turf fertilizer 2.22kg 1.13/kg 2.50 
-topsoil 0.64m3 20.23/m3 12.95 
-Iawn seed 1.2kg 172/25kg 8.28 

TOTAL $29.64 

NCC costs provided for comparison purposes. NCC database does not inelude priee of water 
or amount consumed. 

Table 4: Trees for Conventlonal Option 
Labour Requlrm.nt8 per Tree 

Task/tree frequency ~of area treated lime source total 
source:NCC source: NCC 

-pruning > 160mm cal. 1 6.5 1.7 hours D'BI 7 min. 
-fertilizing 1 12.5 30.0 min. NCC 4 min. 
-watering 1 26 12.0 min. Cob 3 min. 
-hand edging/weeding2 1 13 1.3 heurs NCC 10 min. 
-disease/ pest contrel 1 20 1.6 hours NCC 19 min. 

TOTAL 43 min. 

pruning < 160mm cal. 1 6.5 1.2 heurs O'B 5 min. 

TOTAL 41 min. 

1. O'B refers to O'Brien et al (1992). 
2. Herbicide not used for tree care by this source. 
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Table 5: Trees For Conventlonal Option 
Annual Maintenance Materlal and Costs per Tree 

item Quantity $/ unit source total $ 
source: NCC 

-garden fertilizer 8-12-12 102g $9.60/kg CT & NCC 0.98 
-water (150mm/ watering) 1 1030 L $.88/10001 RMOC 0.89 
-pesticide 183 9 $7.00/200g CT 6.40 
-removal 2 1% of area $300 C3 3.00 
-replant 4 1% of are a $280.00 H5 2.80 

TOTAL $14.19 

Smaller tree removal 1% of area $165.00 H 1.65 
and replacement 1% of area $200.00 C 2.00 

~OTAL (small trees) $12.04 

1. Watering rates from Lofgren (1982) and Harris (1985). Frequency tram NCC database 
2. Tree removal would likely be performed by a contractor. As a result, this has baen factored 
into the operation al costs rather th an into the time requirements. 
3.C refers to Contractors survey 
4. Refer to simulation for planting plan and species lists . 
5. H refers to Hanscombs (1993) 

Table 6: Tree. for Alternative 2 and 3 
Annual Maintenance Labour Requlrments per Tree 

Task frequency % of area treated time source total time 
source NeC source NCC 

-pruning over 160mm cal 1 3% 1.7 hours D'B 3.0 min. 
-watering 1 2% 20 min. Cob -
-fertilizer 1 6% 42 min. NeC 2.5 min. 
-hand weeding/edging 1 13% 1.3 hours Nec 10.0 min. 
pest/disease 1 6% 1.6 hours NeC 6.0 min 

TOTAL 21.5 min . 
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Table 7: Tree. for Alternatives 2 and 3 
Annual Maintenance Materlal and Costa per Tree 

item quantity source $/unit source total$ 

-garden fertilizer 8-12-121 30g NCC 9.60/kg NCC& CT 0.28 
-water (150mm/ watering)2 87 L NCC 0.88/1000L RMOC -
-tree and stump removal 
and clean-up3 0.5% NCC 300.00/tr C 1.50 
-replacement 0.5% NCC 280.00/tr H 1.40 
-pesticide 55g NCC 7.00/200g CT 1.92 

TOTAL $5.10 

1. Fertllizatlon rate from OMAF (1990). 
2. Watering rate trom Harris (1984) and Lofgren (1982). 
3. Tree removal would likely be performed by a contractor. As a result, this has been factored 
into the operational costs rather than into the time requirements. 

Table 8: 100m2 Groundcover Area 
Annual Labour Requlrment 

task frequency time/task source total time 
source~ Cob 

hand weeding 1 18.4min. IMR 18.4min. 
rejuvination 1 10-15years 16.6 hours Cob 1.3 hours 
mulching 10-15years 27.6 min. IMR 2.2 min. 
watering (set up sprink- 10x each 
1er and visit 2x/ run)2 10-15years 20.0 min. Cob 16.0 min. 
fertilization 10-15years S.Omin. IMR -
hand weeding 15x eaeh 

10-15years 18.4min. IMR 22.0 min. 
hadpicking litter 6 S.Omin. Cob 30.0 min 

TOTAL 2.3 hours 

1 . Aeeording ta Thoday (1982), woody groundeover should be rejuvinated every 10-15 years. 
This requires severe pruning and reapplicaiton of mulch, water, fertilzer and additional hand 
weeding. 
2. Watering rates do not aceount for drought periods. 

L ______ _ 
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Table 9: 100m2 Groundcover Area 
Annual Maintenance Materlal and Costa 

item quantity source $/unit source total$ 

-fertilization 100g Thoday (1982) 1 4.80/5OOg NCC&CT 1.34 
-mulching 0.8m3 Thoday (1982) 10.00/m3 NCC&C 6.48 
-watering 2000L Thoday (1982) 0.88/1000L RMOC 1.76 

TOTAL 9.56 

1. According to Thoday (1982), after rejuvination, which occurs every 10-15 years, fertilizing 
mulching and watering should occur. 

Table 10: 100m2 Shrub Area for Alterna,ive 2 and 3 
Annual Labour Requlrment 

task % of area source time source total time 
treated/vear /task 

-fertilizing 9% NCC 5 min. Cob -
-watering ~~ NCC 20 min. Cob -
-pest/disease control 33% NCe 30 min. IMR 10 min. 
-removal 0% NCC 
-pruning 45% NCC 8.3 hours Cob 3.7 hours 
-mulching 8% NCC 30 min. IMR 2.4 min 
-hand weeding/edging 1 50% NCC 1 hour IMR 30 min. 

TOTAL 4.4 hours 

1. Herbicides not used for shrub care by this source. 

Table 11: 100m2 Shrub Area for Alternatives 2 and 3 
Annual Maintenance Materials and Costs 

item quantity 1 $/unit source total$ 
garden fertilizer 8-12-12 140 9 4.80/500g NCC&CT 1.34 
water (750mm/ watering)2 168 L .88/1000L RMOC -
pesticide! disease control 94g 7.00/200g CT 3.29 
mulch 0.4m3 8.00/m3 NCC&C 3.20 

TOTAL $7.84 

1. Ali quantities from NeC database . 
2. Watering rate fram Lofgren (1982) and Harris (1984). 
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Table 12: 100m2 Shrub Area for Conventional Option 

• Annual Labour R.gulremente 

item frequency ~ of area treated Time source total time 

source: NCC ~ource: NCC 
-hand pruntng 1 6% 8.3 h Cob 30 min. 
-hand fertilization 1 80% 5 min. IMR 4 min. 
-sprinkler watering 5 100% 20 min Cob .6 hours 
-hand weedingl edging 3.5 100% 1 h IMR ~.5 hours 
-removal 1 0.3% 9.2h NCC 2 min. 
-diseasel pest control 1 60% 30 min IMR 18min. 
mulch 1 25% 30 min. IMR 8 min. 

TOTAL 6.1 hours 

Table 13: 100m2 Shrub Area fol' Conventlonal Option 
Annual Maintenance Materlal and Coate 

item quantity 1 $1 unit source total $ 

• 
-garden fertilizer 8-12-12 300g 9.60/kg NCC&CT 2.88 
-water (75mml watering)2 37500 L 0.88/1000 RMOC 33.00 
-pesticide 129 9 7.00/2OOg CT 4.50 
-replant 0.3% are a 23.00/sh H 3.90 
·mulch 1m3 8.10/m3 NCC&C 8.10 

TOTAL 52.38 

1. Ali quanties sourced trom NCC database. 
2. Watering rates trom Letgren (1982) and Harris (1984). 

Tab~e 14: 100m2 Annual Flower (75%) 1 Herbaclous Perennial (25%) Area 
Annual Labour Aequlrment 

task 

-' 
timel task trequency % of area total time (hours) 

1 

-planting 17.0 h 1 75% 12.8 
-bed preparation 6.5h 1.4 75% 6.8 
-cultivating and weeding 1.1 h 5 100% 5.7 
-watering o .4h 20 100% 7.2 
-pinchingl pruning 3.7h 1 100% 3.7 
-removal 7.0 h 1 75% 5.3 

• 
-bed edging (40LM) 1.4 h 1.5 100% 2.1 
-pest control 2.0 min 12 100% 0.4 

TOTAL 44.0l1ours 

1. Ali data trom NCC database. 
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Table 15:100m2 Annual Flower 1 Herbaclous Perennlal Area 

• Annual Maintenance Materlals and Costs 

item quantity $/unit source total cost 

-soil ammendments 3kg 9.60/kg NCC&CT 28.80 
-annual plants @ 91m2 38flats of 

12 plants 3. 60/flat C 202.00 
-water 60000 L .88/1000L RMOC 52.20 
-pesticides 256g 7.00/200g CT 8.96 

TOTAL 291.96 

1. Ali quantity sources from NCC. 

Table 16: 100m2 Unit Paver Area 
Annual Labour Requirement 

task frequency source time/task source total tlme 

hand sweeping 18 NCC 27 min. IMR 8.1 h 

• 1. No materials or costs . 

• 
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Table 17: 100m2 Woodland Area 
Annual Labour Requlrments 

Item (source: Hough et al, 1990) 

Years 1 to 5 (before canopy closure) 
- addition of mulch and removal of perforated 
polyethelene 

- hand cultlvate for critical weed growth 
-water in drought periods 

Years 5 to 15 (after canopy closure) 
- remove 30% of pioneer species 

Years 15 to 25 
- gradually remove rest of pioneer species 
-thin climax species 

Years 25+ 
- continued thinning of climax species 

TOTAL' year (until year 15) 
TOTAL' year (unlil year 25) 

total time (hours) 
(source: Cobham 1990) 

9.0 
1.3 

as needed 

1.6 

3.2 
2.4 

as needed 

0.8 hours 
0.5 hours 

1. Edge maintenance included in shrub and groundcover maintenance. 
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2. The only material expense is mulch at 4m3/1 00m2 @ $1 0.00/m3 = $40 for 15 years = $2.66/ 
year. 

Table 18: 100m2 Tall Grass Prairie Area 
Annual Labour Requirements 

item source total lime (hours) 

- one mowing ~obham (1990) 1.0 
- hand weeding Dorney (1985) 1.0 

TOTAL 2.0 hours 

1. Edge maintenance included in shrub and groundcover maintenance. 
2. The only material expense is gasoline @ 2.25 litres/ hour x 1.0 hours = 2.25 litres @ $0.56/ 
litre = $1.26/ year 
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APPENDIX 17 
WATER RATES 

(fram RMOC, 1993) 

Water Rates 

Water rate per cubic metre (1 000 litres) 
Regional sewer surcharge (6% of water rate) 
Municipal sewer surcharge (65% of water rate) 

Total cost per 1000 litres 
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Cost ($) 

0515 
0.031 
0.335 

0.88 




