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ABSTRACT 

Planting records for Milwaukee, Naukesha, and Stevens Point 
Wisconsin were examined to determine frequency of taxa use. 
Records indicated homogeneity emphasizing Norway maple, green 
ash, littleleaf linden and honeylocust. Homogeneity was 
augmented by reliance on a few cultivars, especially 'Emerald 
Queen', 'Schwedler' and 'Columnar' Norway maple and 'Marshall's 
Seedless' green ash. 

Connonly planted taxa: Norway maple, green ash, 
honeylocust, callery pear, English oak, Crimean linden and 
littleleaf linden were sampled and examined for survival in 
Milwaukee, Naukesha and Stevens Point, Nisconsin. A four year 
establishment period was indicated. It was generally independent 
of taxa but 'Autumn Purple',white ash nearly failed in Milwaukee, 
while honeylocust and green ash performed well in Naukesha. 
Cultivars of Norway maple did not perform well enough to justify 
their emphasis in planting records. Heavy traffic (over 15,000 
cars per day) was found to reduce survival in Milwaukee. 
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I. INTRODUCTION 

J~~~~L an~ _U_t~. Orban_ Enviro~:w;i_t 

Urban areas contain unnatural conditions for trees. 

Pollutants, limited growing space, altered soils, 24 hour 

security lighting and construction can cause stress to city 

trees. The survival of a tree species depends on its ability to 

adapt to these conditions (Grey and Deneke, 1978). 

Pollutants stress plants in various ways. Particulate 

atmospheric pollution may impair photosynthesis by clogging 

stomata and by reducing the amount of sunlight reaching the leaf 

surface. Fluorides enter leaves through stomata and act as 

cumulative poisons; eventually collapsing leaf tissue by 

inhibiting enzymes that catalyze cellulose synthesis. During 

high relative humidity, sulfur dioxide may react with water to 

form droplets of sulfuric acid; a strong corrosive. Ozone 

damages palisade cell membranes and chloroplasts (Raven, Evert 

and Curtis, 1978) and inhibits photosynthetic enzymes that 

provide energy to split water molecules (Smith, 1980). Finally, 

airborne herbicides can cause great damage to trees especially 

along highways or intensively managed turf areas where broadleaf 

weed killers, such as 2,4-D, are used extensively (Grey and 

Deneke, 1978}. 

Growing space is often limited physically by buildings, 

overhead wires, curbs, sidewalks and underground utilities {Grey 

and Deneke, 1978}. Roots and branches are often severely pruned 
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to confine trees too large for their site. If pruning is done 

improperly, a disease port may be created (Shigo, 1983). 

Orban soils are stressful to trees because they differ 

greatly from those in nature. Craul (1985) lists eight 

characteristics of urban soil: 

1. Great vertical and spatial variability. It is common 
to find a drastic contrast in profile from one tree 
planting site to another on the same block. 

2. Modified soil structure leading to compaction. 

3. Presence of a surface crust on bare soil - usually 
water repellent. 

4. Modified soil reaction, usually elevated. 

5. Restricted aeration. 

6. Interrupted nutrient cycling and modified soil organism 
activity. 

7. Presence of anthropic materials and other contaminants. 

8. Modified soil temperature regimes. 

Deicing salt is another deleterious urban factor. It is 

plowed or shoveled from roads onto tree lawns, washed into the 

soil and sprayed on trees by traffic. On deciduous plants, salt 

spray causes bud and twig death, and "witch's broom", a 

proliferation of shoots with a proximal juncture. Conifers turn 

brown or yellow and experience twig death (Hasselkus and Rideout, 

1979). Chloride rather than sodium is considered the toxic ion 

(Simini and Leone, 1986). Recent work on sugar maples suggests 

salt inhibits the uptake of Ca, Mg, and K, by raising the osmotic 

concentration of the soil solution. It also represses uptake of 
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N by inhibiting organic matter decomposition (Dyer and Meder, 

1986). 

Construction may cause several problems. The grade may be 

raised around trees inhibiting gas exchange, or lowered which 

physically damages roots. Roots of many trees occur in the top 

meter of soil, with most of the feeder roots occurring within the 

top 15 cm (6 inches). If more than 30\ of a root system is 

removed, irreparable harm may result (Harris, 1983). 

Mercury vapor, sodiwn vapor and metal halide lights are high 

intensity lamps used for security lighting in urban areas. When 

growth conditions are favorable, they have been found to cause 

lengthened internodes, expanded leaf areas and depressed 

chlorophyll formation and maintenance. Such growth responses may 

render a tree more susceptible to pollution, early frost damage 

and water stress {Cathey and Campbell, 1975). 

The_ Decline of lfi#Jconsin • ~ Urban Forests 

Dutch Elm Disease 

American elm was extensively used as a street tree species 

in Wisconsin until the 1950's {Schwnan, 1984). In 1921 a wilt 

disease of elm {Ceratorrstus ulmi) was described in Holland and 

became known as Dutch elm disease {DED). The disease was first 

isolated in North America in Ohio in 1933 {Agryos, 1978). DED is 

highly communicable and lethal to American elm. It is spread by 

two species of elm bark beetle: European elm bark beetle 

{Scol__ytus multistriatus) and a native elm bark beetle 
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{HYlurgopinus rufip~~), and through root grafts which were the 

primary avenue of transmission in urban areas where the American 

elm population was dense {Norf, Koval and Smally, 1977). The 

extent of the damage caused by DED can be illustrated by the case 

of Syracuse, New York. In 1951 there were approximately 19,300 

American elms in Syracuse. By 1978 there were fewer than 100 

pre-1951 elms remaining {Richards, 1982/1983 citing Richards and 

Stevens, 1979). 

Naple Decline 

Wisconsin cities have suffered losses of sugar· maples along 

city streets due to maple decline. In some areas as many as 801 

of sugar maples are affected. Symptoms of maple decline are 

decreasing vigor, branch dieback, early fall color and death 

{Worf, 1984). Maple decline has been attributed to high 

concentrations of soil salt {Simini and Leone, 1986) or to a 

basal fungal complex of fussarium and phtophthora attacking trees 

that had been planted too deeply {Norf, 1984). The performance 

of American elm and sugar maple has prompted experts to 

discourage their use as street trees {Hasselkus, 1980; Schuman, 

1984). 

The BUIDBll __ Reed For __ Trees 

The disastrous decline of urban street tree populations has 

prompted research on the value of street trees to people. Driver 

{1978) quotes a study by Ulrich {1978) which measured alpha wave 
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rhythms (a measure of wakeful relaxation) of people viewing 

slides with trees and other vegetation verses scenes without 

vegetation. People viewing vegetation were more relaxed, and 

these findings were confirmed by accompanying self reporting 

psychological tests. 

Kalmbach and Kielbasa (1979) conducted a poll which verified 

that people prefer tree lined streets to treeless ones. Getz, 

Karow and Kielbaso (1982) found that trees influence people's 

choice on where to live by increasing property value and 

improving aesthetics. Payne (1973) and Morales (1980) found 

trees to increase property value. 

Holms (1977) lists the advantages of trees to people. Trees 

save energy in winter, moderate urban and building microclimates 

in summer, absorb noise, screen views, and rid the air of 

particulate matter and carbon dioxide. Moreover, trees appeal 

across social class, decrease stress, memorialize history, and 

provide beauty. 

R~placement of the._Street Tree P9pulatiq~ 

In response to the void left by Dutch elm disease and maple 

decline, many cities have begun aggressive planting campaigns to 

repopulate their streets with trees. Street trees should be 

selected for their ability to survive and adapt to urban 

conditions. The problem is that little objective data exists 

upon which to base taxa selection. For this reason Gerhold and 

Sacksteder (1982) have suggested that urban tree managers 
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consider analysis of existing plantings to provide data from 

which to develop taxa selection guidelines. 

My research is designed to be an analyses of existing 

plantings in Wisconsin to help provide selection guidelines 

for cultivars of widely planted species. Norway maple (Ac~~ 

platanoides}, green ash (Fraxinus __ penns_yl vanica), honeylocust 

(g_l_editsia tri_~~~j:1:lq_,5- var. inermis}, and littleleaf linden 

(Tilia cordata} were studied in Milwaukee, Waukesha and Stevens 

Point. In addition, callery pear (P_y_rus __ callenana} and English 

oak {Quercus_ robur} were studied in Waukesha and Milwaukee. 

'Autumn Purple' white ash (Fraxinus_americana 'Autumn Purple') 

and Crimean linden (Ti_lia x euchlora) were studied in Milwaukee 

while 'Centurian' flowering crab (Malus spp. 'Centurian') and 

'Shubert' chokecherry (p,i;:unl!8- _ v:i,.J::·gil!i~~~- 'Shubert') were studied 

in Stevens Point. Scientific equivalants for common names are 

presented in Table 1. Commonly reconunended cultivars of these 

species found in a review of several prominent woody plant 

manuals (Hasselkus, 1980; Dirr, 1983; Flint, 1978; and Wyman, 

1977) can be found in Appendix A. 

study cities were selected because they had progressive 

urban forestry programs. These programs have close ties to the 

University of Wisconsin - Stevens Point, an interest in urban 

forestry research and excellent records which were made 

available. 
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Table 1. Scientific nomenclature for conunon tree names appearing 
in this text. 

Conunon name Scientific name 
==========:::::::::::::: ..... ::::: ...... :::::: ....... =. ...... :::::: ...... ============================== ...... :::::: ....... =. ...... ::::: ...... =:::: ............. :::::::::::::::::::::::::::::.=. ===== 

American elm 

American linden 

Amur corktree 

Amur maple 

black oak 

boxelder 

bur oak 

Busiman elm 

callery pear 

catalpa 

cockspur hawthorn 

chokecherry 

cottonwood 

Crimean linden 

English oak 

European alder 

European ash 

European hornbeam 

flowering crab 

ginkgo 

green ash 

hackberry 

Olmus americana 

Ti_lia americana 

fhellodendron amurense 

~cer ginnala 

Ouercus_ velutina 

Acer negun(io 

Ulmus carpinafolia 

Puus_caller_yana 

Crateag_us _crus_gal li. 

Prunus ... vi rgini ana 

Pqpul us ___ del_toides 

Til ia_x __ euchlora 

Quercus_robur 

Alnus _g_lutinosa 

Fraxinus excelsio~ 

Carpinus betulus 

Fraxinus_~ennsylvanica 

Celtis occidentalis 



Table 1. Continued. 

hedge maple 

hickory 

honeylocust 

horsechestnut 

ironwood 

Japanese tree lilac 

katsuratree 

Kentucky coffeetree 

littleleaf linden 

London planetree 

mountainash 

Norway maple 

Ohio buckeye 

paper birch 

pin oak 

poplar 

red elm 

red maple 

red oak 

Siberian elm 

silver linden 

silver maple 

sugar maple 

sweetgum 

8 

Acer compestre 

Carya ovata 

Gleditsia triacanthos 
var. inermis 

Aescul us _hip_pocastanum 

Ostr_ya vi r_giniana_ 

S_yringa __ reti cul a ta 

Ti lia __ cordata 

~-1 a tan us lL.b.Y1>%..i.4a 

Acer _ _plataniodes 

Aescul usg1 abra 

Betula papyrifera 

Quercus _p lustris 

J?opulus spp. 

Ulums_rubra 

Acer_rubrum 

Ulmus _ _pumi_la 

Ti.Jj._a tomentosa 

Acer_saccharinum 



Table 1. Continued. 

sycamore 

tree-of-heaven 

walnut 

Washington hawthorn 

white ash 

white oak 

9 

Plat anus occidental is 

l\iJ_~p,t b1,.1,s a 1 ti s_~_:hnc.t 

Juglans __ nigra 

Crataeg_us _phaenQP_yrurn 

fraxirtu.§__ ameri cana 

Quercus_alba 
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pbjectiv~~ 

The objectives of the study were to: 

1. Determine the extent to which cultivars of Norway maple 
white ash, green ash, honeylocust, flowering crab, 
chokecherry, English oak, littleleaf linden and Crimean 
linden and other species have been planted as street 
trees in Wisconsin cities. 

2. Determine the survival rates of cultivars of these 
species relative to specific tree and street conditions. 

3. Develop a data base for a long term study of the affect 
of urban conditions on street tree survival, growth and 
condition in Wisconsin. 
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II. LITERATURE REVIEW 

SpeciesPerformance_Evaluation 

Many references exist that recommend woody plants for both 

functional and aesthetic reasons (Dirr, 1983; Flint, 1978; 

Hasselkus, 1980; and Wyman, 1977). However, little information 

is available for comparing survival, growth rate, risk of damage 

from pests, maintenance costs and longevity of street trees in 

urban conditions (Gerhold and Sacksteder, 1982). Chapman (1981) 

has pointed out that aesthetics and environmental tolerance are 

problems that should be considered equally in selecting 

cultivars. Many researchers have called for the development of 

adequate testing programs (Santamour, 1972). 

It is important to distinguish among cultivars of street 

tree species. Cultivars are clones used in ornamental 

plantings. Uniform genotypes provide similar character and 

environmental response. However, this uniformity applies to both 

desirable and undesirable characteristics, such as susceptibility 

to disease, making it especially important to gather information 

on a cultivar's performance as a street tree (Santamour, 1976). 

Organizational Nork by Gerhold 

Gerhold and Barstow (1976) submitted a plan to define the 

range of conditions certain cultivars can tolerate. Their plan 

involved a large number of the most popular cultivars planted 

along streets and highways in a variety of geographic regions. 

Qualified arborists, horticulturists and nurserymen were to 
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evaluate tree height, crownspread, branching, trunks, foliage and 

pests every four years. 

Gerhold's ideas have formed the nucleus of two projects 

prompted by the Metropolitan Tree Improvement Alliance (METRIA) 

(Karnosky, Gerhold and Collins, 1982). The first is a cultivar 

testing project whereby nurserymen, highway arborists, tree 

breeders, landscape planners and other specialists would evaluate 

and supply background information on trees planted across broad 

geographic regions. Data would be obtained from existing 

plantings of known identity and history. The results were to be 

published on a regional basis coordinated by METRIA. The second 

project involves randomized trials of species and seedling 

populations to determine which have promise for use in urban 

plantings. The trials are to be organized by species and 

administered by committees. 

The METRIA project had difficulty obtaining funding. At the 

time of this writing the project had yet to begin. Until funding 

is available, Gerhold {1985) has modified the plan so urban 

forest managers can proceed independently using STRETEST, a 

street tree evaluation system. He recommends comparing a 

standard cultivar (i.e., a widely available cultivar that has 

shown good street tree qualities through the years) with another 

cultivar of the same growth habit (not necessarily the same 

species). Tests consist of several plots designed for 

statistical analysis. The plots are a series of trees that are 

planted on the same block, side of the street, distance from the 
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road, at the same time using similar methods and exposed to like 

conditions. Plots may mix the two cultivars, depending on the 

needs of the urban forest manager. The hope is that information 

gained from these tests could be applied to the METRIA project 

once funding becomes available. 

Ohio Agricultural Research And Development Center 

A street tree evaluation project was initiated by the Ohio 

Agricultural Research and Development Center (OARDC [Reisch, et 

al., 1971; Chapin and Kozel, 1975]}. Their objective was to 

determine what tree taxa are well adapted to urban conditions. 

The project consisted of two parts. First, trees were planted in 

a test plot in Wooster, Ohio beginning in 1965 and biannually 

evaluated by a committee drawn from the nursery industry, The 

Ohio State University, utility companies and the Ohio chapter of 

the International Society of Arboriculture. Criteria for rating 

was based on foliage density and color, branch and crotch 

development, disease and insect susceptibility, growth rate and 

condition. Evaluations of trees involved in these test plots 

were published by Chapin and Kozel (1975). 

The second phase involved evaluating 53 selected taxa in 

existing plantings selected at random in five replications in 

five Ohio cities: Cincinnati, Cleveland, Columbus, Toledo, and 

Wooster. Tree height, diameter and crownspread were measured 

annually and site conditions were determined as precisely as 

possible. Case histories of the trees were published by Reisch 
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and others (1971) but a statistical analysis was not provided. A 

list of trees considered outstanding in both phases of the OARDC 

project was provided by Chapin and Kozel (1975). Cultivars and 

species from this list that were included in my study appear in 

Table 2. 

According to T. Davis Sydnor {1988), current director of the 

OARDC shade tree evaluation project, there have been no 

publications from the study subsequent to the 1975 bulletin of 

Chapin and Kozel. The OARDC project promised to provide 

information in both a randomized experimental setting where taxa 

were subject to nearly identical environmental conditions, and in 

an urban setting where trees could display adaptability to a 

variety of stresses. It is unfortunate that the potential of 

this study has not been realized. 

Species Evaluation in Wisconsin 

A study has been done in Wisconsin by Schuman (1984) that 

assessed street tree taxa in five Wisconsin cities: Bloomer, 

Milwaukee, Stevens Point, Waukesha and Wisconsin Rapids. He 

lists his objectives as: 

1. Determine the pattern of elm replacement in 
selected Wisconsin cities by species and frequency. 

2. Determine those species best adapted to city 
street environments based on their relative 
overall condition. 
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Table 2. Cultivars of Norway Maple, green ash, white ash, 
honeylocust, callery pear, flowering crab, English oak, and 
littleleaf linden rated as outstanding by the OARDC (Chapen and 
Kozel, 1975} . 

... :·:·::::::::::::::::::::::::::::::::::::::::·:":-: .. ··"··"""""""····::·::::::::::::::::::::: ... ::::::::::::::::::::"·:::::::::::::::::::::::::::::::::::::::·_·····-·····-"""::::::::::::::::::::::::::::::::::::::::::::·:·======= .. =-···::::::::::::::::::::::·_·""'-""'-"'···-"'"-"'"''.'.:::::::::::::::::::::::::::::::: 

Norway _ma.P]e 
a. 'Crimson King' 
b. 'Cleveland' 
c. 'Emerald Queen' 
d. 'Summershade' 
e. 'Columnar' 

green ash 
a. 'Marshall's Seedless' 

white ash 
a. 'Autumn Purple' 

honeylocust 
a. 'Imperial' 
b. 'Shademaster' 
c. 'Skyline' 

fJ_owerinq_crab 
a. 'Snowdrift' 
b. 'Tschonoski' 
c. 'Van Eseltine' 

callea.._pear 
a. 'Bradford' 

~nglish oak 
a. 'Fastigiata' 

littl_eleaf _linden 
a. 'Chancellor' 
b. 'Greenspire' 
c. 'Rancho' 
d. 'XPllO' 
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In Milwaukee and Waukesha Norway maple, green ash and 

honeylocust were the most common elm replacement species. Red 

maple, silver maple, and Norway maple have been most commonly 

planted in Wisconsin Rapids, Bloomer and Stevens Point. 

Species evaluations were based on condition class values 

determined with a formula developed by the International Society 

of Arboriculture (1979). This formula involves a level of 

subjectivity. Evaluation crews in one city often determined a 

mean condition class for a species radically different from that 

of evaluators in another city. This problem was circumvented by 

developing a condition rating for his study species. The 

condition rating for a particular species is a percentage 

comparison drawn between the average condition class of a taxon 

and the average condition class of all trees in a city. For 

example, the average condition class of 'Skyline' honeylocust in 

Waukesha was 78.7% or 119.7% of the city average of 65.7%. 

Therefore, the condition rating for 'Skyline' honeylocust was 

119.7 {condition ratings were determined for species involved in 

my study. They are compared with ratings provided by Schuman 

[1984] and appear in Appendices Band C). 

Using this technique, Schuman determined the best adapted 

species in the six Wisconsin cities to be: Norway maple, green 

ash {and cultivars), littleleaf linden {and cultivars), and 

honeylocust. The species considered ill adapted were: boxelder, 

silver maple, elms, and catalpa {Table 3). 
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Street __ Tree_ Survival 

Street Tree Survival in Boston 

Foster and Blaine (1978} studied street tree survival along 

Boston streets. In 1910 Beacon Street was planted with 215 

lindens. Only 23% lived 65 years and 43% of these were in poor 

condition. London plane tree, honeylocust, and maples were 

planted along Boyston Street between 1972 and 1974. By 1978, 

26% were dead and only 38% were healthy. 'Columnar' Norway 

maples were planted on Irving street in 1974, two years later, 

38% were dead or in poor condition. Trees planted along Vernen 

Street suffered 23% mortality in two years and 33% of trees 

planted on Phillips Street were dead after one year. They 

calculated the average life expectancy of sidewalk trees in 

Boston to be 10 years. The types of damage encountered in the 

study area can be seen in Table 4. The worst problems street 

trees encountered in Boston were: construction damage, water 

stress, and automobiles. It was noted that different landscape 

contractors had dramatically different survival rates. Between 

1975 and 1976, thousands of street trees were planted in Boston. 

The contractor with the lowest mortality lost only three percent 

of trees planted, while the worst mortality by a contractor was 

38%. 
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Table 3. Street tree recommendations of Schuman (1984). 

Recommended 
a. green ash 
b. honeylocust 
c. littleleaf linden 
d. Norway maple 

Show __ Promise 
a. Crimean linden 
b. English oak 
c. ginkgo 
d. hackberry 
e. horsechestnut 
f. ironwood 
g. mountainash 
h. Ohio buckeye 
i. 'Shubert' chokecherry 

Mixed Reviews 
a. American linden 
b. black oak 
c. bur oak 
d. European ash 
e. pin oak 
f. red maple 
g. white ash 
h. white oak 

VeryQuestionable 
a. tree-of-·heaven 
b. Amur corktree 
c. callery pear 
d. crabapple 
e. hawthorn 
f. hickory 
g. paper birch 
h. poplar 
i. walnut 

Not __ Recommended 
a. American elm 
b. boxelder 
c. Busiman elm 
d. catalpa 
e. red elm 
f. Siberian elm 
g. silver maple 
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Table 4. Types of damage suffered by trees in Boston (Foster and 
Blaine, 1978). 

Auto Damage 

Beacon Hill 42% 

Back Bay . . . . . . . . . . 61% 

South End ......... 33% 

Vandalism 

streets are narrow and steep 

worst on streets with stones 

high crime area 

Beacon Hill ....... 12% ..... trees with flowers around the 
base were rarely vandalized 

Back Bay .......... 33% ..... some truck damage of higher 
branches 

South End ......... 7% ..... although this is the high 
crime area, vandalism is less 
except around playgrounds 

Stakes_Damaging_Trees 

Beacon Hill ....... 84% 

Back Bay .......... 50% 

South End ........ 66% 

Effects_of _Stakin_g__Trees 

obviously, staking is not 
healthful for sidewalk trees 

Staked trees ...... 33 stakes damaging trees, 27 need 

Unstaked 131 

attention (81%) 

trees leaning, 2 need attention 
(1.5%) 
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Street Tree Survival in Urbana 

In 1932, L.E. Sawer inventoried street trees in two 

neighborhoods in Urbana, Illinois. Over half the basal area 

consisted of American elm, red elm and cottonwood. Silver maple 

and sugar maples were common species. Dawson and Khawaja (1985) 

compared these data with a street tree inventory they conducted 

in 1982 in the same neighborhoods. They found that silver maple, 

sugar maple, sycamore, hackberry and Siberian elm had become the 

dominant species. 

Over the 50 year period, the total number of trees fell by 

41%. This was attributed to the short life span of cottonwood 

under urban conditions and to the devastation caused by Dutch elm 

disease. Table 5 lists the percentages of each species that 

survived the period. Of special interest is the impact of Dutch 

elm disease. In 1932, there were 864 American elms in the two 

neighborhoods; only one remained in 1982. 

Street Tree Survival in New York City 

In 1982, Consolidated Edison planted 1000 street trees along 

their various properties in New York City. Three hundred 

seventy-five of these trees were examined by Berring and others 

(1985). Norway maples made up 28% of these trees, 17% were 

Sycamore, 21% were lindens and 16% were pin oak. Trees were 

evaluated on the bases of vigor, twig dieback and growth, and the 

severity of leaf scorch and mortality. 
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Table 5. Trees inventoried in 1932 and again in 1982 in two 
Urbana neighborhoods (Dawson and Khawaja, 1985} . 
...... •••••:•::::::::::::::::::::•:•::,:::•::•:•:::::::::••::•:::::::::::::::•••• .. •rn• ............. ::::::::•:::::••••":::::.•••"•:::::.••••"=""======== .. ,:::::: .. ..,,= .. •• .. • .... • ..................................... .,,.,,'":•::::::::::::::::::::::::::::::::::::: ............. ,,.,, ••••••••••"'''''''"••::::::::::::::::::::::•:::•"::"'"'''' 

silver maple 

sugar maple 

sycamore 

hackberry 

catalpa 

green ash 

tree-of-·heaven 

American elm 

1932 Trees 

71 

96 

17 

40 

22 

51 

88 

864 

198~ Trees % Survival 

24 34 

24 25 

9 58 

8 20 

2 9 

2 9 

1 1 

1 0 .11 
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The most important environmental feature harming study trees 

was excess soil moisture. Counter to the popular assumption that 

urban trees suffer from insufficient water, trees in poor health 

often had saturated roots. Such trees exhibit symptoms similar 

to those of drought stress because levels of oxygen in drenched 

soils are low enough to cause root injury which reduces water 

uptake. 

Salt apparently had a major affect on tree health as well. 

High salt levels were found in the soil around declining trees. 

High levels of potassium were also associated with decline. This 

was considered unusual because potassium is a macronutrient 

valued in promoting plant growth. The explanation for this 

incongruity was dog urine which contains high levels of potassium 

but damages street trees. 

Other factors affecting tree health were associated with the 

planting site. Trees growing on wide tree lawns were more 

vigorous and had longer twig growth. Trees growing on bare earth 

were more likely to be in excellent condition than trees with 

roots covered with paving stones. Trees that were planted too 

deeply suffered high mortality. Root flares of some trees were 

found 25 to 40 cm (10·-15 inches) below the soil surface. Rather 

than resulting from improper planting technique, nursery 

cultivating practices were to blame. Soil was mounded up against 

the trees as the cultivator passed between rows. Other trees 

were afflicted by too low a root to shoot ratio. Rootballs 

contained insufficient roots to provide the tree with water and 
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minerals in spite of conforming to the American standards for 

Nursery Stock. The authors called for increasing the standards 

for rootballs on street trees. Data from this study were said to 

be under analysis to determine differences in taxa adaptation and 

survival. However, this information has yet to be published. 

Critique of the survival literature 

The most significant feature of the literature on street 

tree survival is the lack of it. The studies that are available 

provide little quantifiable evidence on which to base species 

selection guidelines. Studies by Berring et al. (1985) and the 

OARDC (Reisch, et al., 1971; Chapin and Kozel, 1975) provide 

promise, but they either did not address survival or did not 

receive the commitment required to bring them to fruition. The 

study in Urbana provides useful long range information but gives 

no evidence of cultivar performance. The study in Boston is 

limited in scope to three streets and presents little information 

on survival rates of taxa. These conditions illustrate what 

Gerhold (1985) calls the urgent need for testing cultivars in 

metropolitan environments. 

Sp_ecies and_Cultivar Selection 

Proper street tree selection considers function, aesthetics 

and cost in terms of required maintenance, and survival 

longevity. Urban forest managers should take care to plant 

several species as diversity prevents monotony and disastrous 
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epidemics of pests such as DED (Hasselkus, 1980). Trees should 

be suited to their sites, having the proper height and spread at 

maturity to fit the available space; hardy enough to withstand 

extremes in climate; tolerant of pollution such as road salts, 

ozone, soot and other chemicals; adapted to soil conditions such 

as fertility, available moisture, pH, or a restricted rooting 

area; and well suited to both microclimate geographical area. 

Species planted should be inexpensive to maintain, long lived, 

strong wooded, provide a minimum of litter such as faded flowers, 

fruits or seed pods and have nonaggressive roots so as not to 

clog drains, block sewers or heave pavements. 

Flint (1978) has diagramed plant selection principles under 

the interrelated headings: adaptability, function, aesthetics 

and maintenance, all of which are integrated with cost (Figure 

1). A properly selected tree can save 20 to 50 percent in 

maintenance costs (Chapman, 1981) and a tree that fails to 

establish itself at a site incurs removal and replacement costs. 

Obviously, it is not cost effective to plant trees that are 

unsuited to their site. It is for these reasons that guidelines 

need to be established for the selection of street tree taxa. 

~requ~~<;:L ~~- PJ..8-J_~~J>ution of Sp~~i~8-

A problem with determining which taxa have the highest 

survival and are best adapted to urban conditions is that there 

is potential for urban forest managers to overuse the best 

performers thereby reducing diversity. Santamour (1976) notes: 



Figure 1. A flow chart for species selection (Flint 1978). 

Function 

· . Adaptability 

mature size, growth rate ' 
/ permanence, form and habit " 

Aesthetics 

Plant: general site; texture. 
specific site; flowers, fruit ~ l . COST 

Form, habit, color 

Need for tolerance Seasonal effects 
composition, opposition, 

transition, visual background 
wind, pollutants, heat, 
focus, cold and water. 
Soil: fertility, acidity 
and salts Maintenance / 

need for pruning, spraying, 
tendency to become weedy, invade 
drains, interfere with turf growth 

25 
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As we continue to seek and promote the reliability and 
uniformity of cultivars, the diversity decreases. 

Pickering and Perkins (1982) point out that the problems 

inherent in low diversity are obvious considering our experience 

with DED. Urban forest managers must be careful not to trade the 

short term benefit of superior individuals for the potential long 

term consequences of low diversity. 

Barker (1975) reconunends planting ordinances to control the 

maximum population densities of street trees. He reconunends four 

planting categories to be enforced with an up-to-date street tree 

inventory. 

1. Liberal use -- not to exceed 5% of the total street 
types in a city. 

2. Limited use -- not to exceed 2%. 

3. Candidate use -- not to exceed 0.3% 

4. Deferred -- the street tree population is currently 
adequate or the species has undesirable 
characteristics. 

When following these guidelines it makes sense to use more 

than one cultivar of a particular species within each usage 

class. Certain cultivars may be susceptible to maladies that 

others resist. For example, 'Greenspire' is a conunonly 

reconunended cultivar of littleleaf linden (Dirr, 1983; Wyman, 

1977; Hasselkus, 1980; Flint, 1978 [Appendix A]). Davis and 

Patterson (1980) found 'Greenspire' much more likely to have 

cracks originating near the soil line (probably lawn mower 
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injury) than the cultivars 'June Bride' or 'Stewart'. The data 

in the next chapter reveal the nearly complete failure of 'Autumn 

Purple' white ash in Milwaukee (Table 13). It is possible that 

specific cultivars may develop problems in the future that are 

presently unanticipated. A list of conmonly reconmended 

cultivars of species in the current study is found in Appendix A, 

providing an indication of the cultivar selection available. 
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III. METHODS 

Study Areas 

Milwaukee 

Milwaukee is located in southeast Wisconsin on Lake 

Michigan. It has a continental climate that is modified somewhat 

by the lake. The influence of Lake Michigan is greatest in 

spring and early swmner when prevailing winds are northeasterly; 

and least in the winter when winds prevail from the west. 

Milwaukee is in USDA hardiness zone 5 (Figure 2). It averages 

160 frost free days per year with a gradient to about 180 within 

three to five kilometers (two to three miles} of the lake. 

Annual precipitation averages 75 cm (30 inches [USDA Soil Survey 

of Milwaukee and Waukesha Counties, 1971]}. 

Milwaukee soil is of the Osaukee-Morley-Mequon association. 

It is characterized as well to somewhat well drained, having a 

subsoil of silty clay formed in thin liners; and silty clay loam 

till on moraines. Ozaukee soils make up 20% of the soil, Morley 

18%, Mequon 11%, and minor soils 51%. The pH of these soils 

ranges from 5.6 to 7.3 and up to 8.4 at depths of 50 to 150 cm 

(20 to 60 inches [USDA Soil Survey of Milwaukee and Waukesha 

Counties, 1971]). 

Ozaukee and Morley soils are gently sloping, occupying 

ridges and convex sides of slopes of glacial moraines. Mequon 

soils are gently sloping in drainage ways or old lake basins. 

Minor soils are mostly Blount soils of drainage ways or old lake 

basins and Elliot soils which are in slight depressions. The 



Figure 2. 

US DA HARDINESS ZONES: 

Approximate range of 

O\i'erage annual minim um 

temperature for each zone 

3 - -30 to -40 degrees F 

4 - -20 to -30 degrees F 

5 - -10 to -20 degrees F 

Study areas. 

3 

4 
• 

Stevens Point 

5 
Waukesha• Milwaukee 
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soils of the city have been greatly altered through urban 

development (USDA Soil Survey of Milwaukee and Waukesha Counties, 

1971). 

Stevens Point 

Stevens Point is located in the central part of Wisconsin. 

It is under a continental climatic regime in USDA hardiness zone 

4 (Figure 2) and has an average of 140 frost free days. It 

averages 79 cm (31 inches) of rain annually. 

The soils in Stevens Point are primarily Plainfield-

Friendship association except in the floodplain of the Wisconsin 

River (the portion of the city west of the river and a narrow 

terrace along the east bank) which is Alluvial land, wet

Dunnville association. In the Plainfield-Friendship association, 

Plainfield soil makes up 50%, Friendship 39% and minor soils 9%. 

In the Alluvial land, wet-Dunn•ille association; 48% is Alluvial 

land, wet; 20% Dunnville and 32% minor soils. The pH of soils in 

Stevens Point range form 5.1 to 7.0. 

Plainfield-Friendship soils are excessively drained to 

moderately well drained, nearly level to sloping soils on a sand 

plain associated with deep sandy deposits. Plainfield soils are 

excessively drained, having a 13 cm (5 inch) dark grayish brown 

loamy sand in lower layers with a subtratum of sand. Friendship 

soils are on sandy plains saturated with water at a depth of 1.5 

to 2 meters (5 to 7 feet) during wet periods. The top 18 cm (7 

inches) are very dark grayish brown loamy sand. The subsoil is 

loamy sand with mottled sand substratum. Minor soils are of the 
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Meeham, Richford and Rosconanon series. Meeham and Rosconanon are 

poorly drained soils of drainage ways and depressions. Richford 

soils are well drained, found on the edges of sand plains 

adjacent to outwash plains. 

Alluvial land, wet-Dunnville association soils are found on 

river floodplains and terraces. Alluvial land, wet are poorly to 

very poorly drained soils of floodplains consisting of water 

deposited material of mixed origin from sand to silt loam. 

Dunnville soil is gently sloping on river terraces and benches. 

The surface 31 cm (12 inches} is dark brown very fine sandy loam 

with a subsoil of very fine loam and a fine sand substratum. The 

minor soils are Dunnville variant, Meeham variant and Plainfield 

variant. Dunnville variant is nearly level, somewhat poorly 

drained soil found in oxbows and drainage ways that lead to 

rivers or streams. Meeham variant soils are nearly level and 

somewhat poorly drained soils found in floodplains. Plainfield 

variant are gently sloping excessively drained soils found above 

the terraces of present floodplains (USDA Soil Survey of Portage 

County WI, 1978}. 

Waukesha 

The city of Waukesha is 25 kilometers (15 miles) west of 

Milwaukee (Figure 2). Its climate is nearly identical to that of 

Milwaukee, averaging 160 frost free days in UDSA hardiness zone 5 

(Figure 2), and 76 cm (30 inches} of precipitation. 
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The soils are of the Warsaw-Lorenzo association. These 

soils are well drained with a clay loam subsoil which is 

moderately deep over stratified sand or gravel. Areas are 

covered with a thin silt layer. Warsaw soils make up 70%, 

Lorenzo soils 20% and minor soils the remaining 10%. The soil pH 

is between 5.6 and as high as 8.4 at depths of 50 to 150 cm (20 

to 60 inches). 

Warsaw soils are level or gently sloping, covered with a 25 

to 50 cm (10 to 20 inch) thick mantle of silt. Lorenzo soils are 

gently sloping with a 25 cm {10 inch) mantle of silt over glacial 

outwash. The minor soils are Rodman and other gravelly, 

excessively drained soils found on knolls and terrace escarpments 

where layers of silt are thin or absent (USDA Soil Survey of 

Milwaukee and Waukesha Counties 1971). 

~_!imPJ~ De_~-~ r j_,pJ;i_Qil 

Planting records were randomly sampled to obtain a set of 50 

individuals of target taxa planted in each city (Table 6). In 

cases where less than 50 trees of a particular taxon were 

planted, all trees were evaluated. In Milwaukee, planting 

records for 1980, 1981 and 1982 had been encoded on IBM computer 

cards. The information on these cards was transferred to 

magnetic computer tape and a computerized random sample of target 

taxa was executed. 
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Table 6. Trees sampled in Milwaukee, Waukesha and Stevens Point 
Wisconsin. 

• .., ...... ,,, ''"''''''••••••••••••••••'"'"'"'''"'"'"''' •••••••••• ...... ,,,,,,,.,,, ,,,,,,,,,.,.,,,.,, .. , ................................. ,. ............................................................................. ,,.,,.,,,,.,.,,, .... , ....................... , ........... h• .. •••••••••"' .................. ,,,,,_, ............................................................ . ................... , .................................. , ......................................................................................................................... .. 

$pecies/ cul ti var _____ _ 

Norway maple: 
'Cleveland' 
'Columnar' 
'Emerald Queen' 
'Faassens' 
'Jade Glen' 
Norway maple 
'Schwedler' 
'Summershade' 
'Superform' 

Stevens 
---=M=1.=-· =l=w-=a=u=k=--=e=--e,=-------- Point ______________ Waukesha 

50 
50 
50 
50 

0 
50 
50 
50 
50 

0 
0 

50 
0 
0 
0 

51 
0 
0 

49 
46 
50 

0 
50 

0 
49 

0 
50 

_______ 'RoyA1, Red' __ 
Species total: 

------ ------------ --3 0 ---- -- ------ --- -- _____________ o ___ _ ... ------ 0 ---------
430 101 294 

white ash: 
___________ ' Aut umn __ Purp 1 e_' ____________ 50___ __ ________ _ __________ 0 ______ _ 
Species total: 50 0 

green ash: 
'Marshall Seedlings' 50 50 49 

________ 'Summit_'______ _ ___ _ _________ 50___ _ ________________ 35 ________________________ 50 ____________ _ 
Species total: 100 85 99 

honeylocust: 
'Imperial' 
'Shademaster' 
'Skyline' 

Species total: 

flowering crab: 
_______ ~_<:!en t uri.~I!...• ___ _ 
Species total: 

chokecherry: 
________ 'Shubert' __ _ 

Species total: 

50 0 0 
50 0 49 

____ 4_9 _________________________ 3_2 __ ----- -------- _________ 50 ___________ _ 
149 32 99 

---- ________ o -- ----- --- --- -
0 



Table 6. Continued. 

callery pear: 
'Bradford' 

______ 'Reds~ire_' ____ _ 
Species total: 

English oak: 
____ English ~o~a=k~----
Species total: 

Littleleaf linden: 
'Chancellor' 
'Greenspire' 

Species total: 

Crimean linden: 

34 

29 0 43 
_ ___ 47 _________________________________ O ____ ____ _ __ _ _ _____ 43 --- --- _ 

86 76 0 

49 
49 

50 
50 

100 

0 0 
_5~0 _______ ------'5~0~---
50 50 

--~c~r~i=rn~e~a=n~~l=i=n=d~e~n~=-----~5~0 _______ ~0~------ __ O~---
Species total: 50 0 0 

Total: 1003 368 677 
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The Waukesha planting records for 1980, 1981 and 1982 were 

filed on index cards. A sample of target taxa was obtained by 

selecting cards with the use of a random number table. There 

were not enough trees planted in Stevens Point between 1980 and 

1982 to provide a sample for any cultivars other than 'Marshall's 

Seedless' green ash, 'Centurian' flowering crab, and 'Greenspire' 

littleleaf linden. Therefore, sample dates were expanded back 

to 1975. The planting records for 1975 to 1982 were entered into 

a computerized data base and sampled with the aid of a random 

number table. 

The Milwaukee sample totaled 1003 trees. The eight 

cultivars of Norway maple predominated, constituting 42.8% of the 

sample (Table 6). The Waukesha sample was similar to Milwaukee 

but excluded Crimean linden and white ash due to infrequency of 

use (Table 8). The sample totaled 677 trees 43.4% of which were 

Norway maple with its 5 cultivars (Table 6). 

The composition of the Stevens Point sample differed from 

both Milwaukee and Waukesha. English oak was not planted and 

callery pear was used sparingly. These two taxa were replaced by 

two that were liberally used during the target period: 

'Centurian' flowering crab and 'Shubert' chokecherry (Table 9). 

The Stevens Point sample totaled 368 trees. Norway maple made up 

27.4\ of the sample with two cultivars, and green ash was 

represented by two cultivars making up 23.1% (Table 6). 
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JJ~ta Coll~~1~g 

The following data were taken for each tree sampled: 

location {work unit, street, address and sequence number at a 

particular address), date planted, date removed (if pertinent), 

diameter at breast height (dbh), condition class evaluation, tree 

lawn width and 24 hour traffic counts (from highway department 

records). 

Condition class is of special interest as it was used by 

Schuman (1984) to determine adaptability of street trees in 

Wisconsin {Table 1, Appendix Band Appendix C). Condition class 

is determined by assigning a numerical value for bark condition, 

annual twig elongation, crown development, the presence or 

absence of diseases, structure and life expectancy. These values 

are added and broken into classes ranging from very poor to 

excellent {International Society of Arboriculture, 1988 [Appendix 

D]). 

Analysis 

Contingency tables were used to compare the survival of the 

various taxa. Many of these tests involved two by two 

comparisons. In these cases Yate's correction, which reduces the 

chance of a type one error in a two by two comparison {Norusis, 

1987), was employed. If there were fewer than 20 total cases in 

a contingency table, Fisher's exact test was required {Norusis, 

1987). Spearman's rank correlation was used to test for a 

correlation between lawn width or traffic on survival. 



37 

No~~clatur~ 

Nomenclature for tree species follows Dirr {1983). 

Authority over cultivar names of study species comes from the 

National Arboretum in Washington D.C. {Santamour and McArdle, 

1982a; 1982b; 1983a; 1983b and 1985}. Authority over unassigned 

genera has recently been transferred to the National Arboretum 

{operated by the USDA) from the Arnold Arboretum of Harvard 

University {Santamour and McArdle, 1982a). 
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IV. RESULTS AND DISCOSSIOB 
The. Bature __ of_ Elm Re~lacement 

Milwaukee 

The city of Milwaukee planted 22,247 trees of 25 species and 

27 cultivars during the years 1980, 1981 and 1982 (Table 7). 

Four species; Norway maple, green ash, littleleaf linden, and 

honeylocust totaled 19,853 trees, accounting for 87.8% of all 

trees planted (Figure 3). 

Norway maple and nine of its cultivars accounted for 51.7% 

of the planting with 11,504 trees. 'Columnar' accounted for 

32.7% of Norway maples, 22.3% were 'Schwedler' and 16.2% 'Emerald 

Queen', totaling 71.2% of the Norway maples planted (Figure 4). 

'Columnar' Norway maples represent 16.9% (3,765 trees} of all 

trees planted during the study period. 'Schwedler' Norway maple 

comprised 11.5% (2,571 trees) and 'Emerald Queen' 8.4% (1,864 

trees} of the planting (Table 7). These three cultivars account 

for 36.8% of all trees planted in the study areas. 

Green ash was the second most widely planted species with 

*3,972 (17.8% of the planting records} trees of two cultivars 

(Figure 3, Table 7). 'Marshall's Seedless' totaled 3,049 trees 

which accounted for 76.8% of all green ash and 13.7% of the total 

planting. The remaining 23.2% of the green ash were the cultivar 

'Summit', numbering 923 trees or 4.1% of the planting (Table 7). 

Littleleaf linden constituted 7.6% (1696} of all trees with 

two cultivars (Figure 3, Table 7). The 1296 'Greenspire' 

represented 76.4% of littleleaf lindens and 5.8% of the total 
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Table 7. The composition of the 1980 to 1982 Milwaukee NI 
planting records compared with an inventory taken in Milwaukee 
Districts 1 and 2 during 1979 and 1980 (Schuman, 1984). 

J,980 __ J;,_g _ 1982 records_ ________ J,chuman 1984 
Number \ of \ of '79-'80 

Tree _np~---------------- _____________ g_fJ;~~~-~---·-··- ______ pl_~nt;._:i,~_g____ ______ inventory_ 

Amur maple 
hedge maple 
Norway maple 

'Cleveland' 
'Colwnnar' 
'Crimson King' 
'Emerald Queen' 
'Faassens' 
'Royal Red' 
'Schwedler' 
'Summershade' 
'Superform' 

sugar maple 
'Columnar' 
'Green Mountain' 

European alder 

Celtis 
hackberry 

Cercidiphyllum 
Katsuratree 

Fraxinus 
European ash 

'Hessei' 
green ash 

'Marshall's 
Seedless' 

'Summit' 
white ash 

~i11kgo 

'Autwnn Purple' 
'Rosehill' 

ginkgo 

11 
117 
164 
908 

3765 
1 

1864 
829 

25 
2571 

500 
877 

6 
52 

773 

18 

1114 

10 

40 

3049 

923 

75 
16 

210 

0.1 
0.5 
0.7 
4.1 

16.9 
0.0 
8.4 
3.7 
0.1 

11.6 
2.4 
3.9 
0.0 
0.2 
3.3 

0.1 

5.0 

0.1 

0.2 

13.7 

4.1 

0.3 
0.1 

0.9 

0.0 
31.5 

4.5 

3.0 

9.9 

9.4 

1.0 

0.0 
13.6 

1.7 

0.4 



Table 7. Continued. 

Gleditsia 
honeylocust 

'Imperial' 
'Shademaster' 
'Skyline' 

Liquidambar 
Sweetgum 

~alus 
flowering crab 

Phellodendron 
Amur corktree 

Platanus 

Pyrus 

London planetree 
'Bloodgood' 

Sycamore 

callery pear 
'Bradford' 
'Redspire' 

Ouercus 
English oak 
red oak 
-swamp white oak 

Tilia 
American linden 
Crimean linden 

'Redmond' 
littleleaf linden 

'Chancellor' 
'Greenspire' 
silver linden 

_others 
Totals: 

40 

77 
491 
997 

43 

7 

29 

19 
63 
11 

25 
13 

257 
294 

25 

10 
129 
141 

3 
397 

1296 
2 

0.4 
2.2 
4.5 

0.2 

0.0 

0.1 

0.1 
0.3 
0.1 

0.1 
0.1 

1.2 
1. 3 
0.1 

0.1 
0.6 
0.6 
0.0 
1.8 
5.8 
0.0 

9.6 

0.1 

0.0 

0.1 

0.1 
0.0 
0.1 

1.6 

3.5 

----------------- .. --- --- ------------------------------- 9_. 9 
22247 100.0% 100.0% 



FIGURE 3. Composition of the Milwaukee 
planting records from 1980 to 1982. 

Norway maple 61,741 (11604) 

green uh 17.&S 
(8972) 

1:1911h • 1.n (2'57) 
. red oak 1,SS (284) 
_., mepp1e a.rs (881) 

other epeo1ee ◄.es c1012) 

hlCkberry 6.0S (1110) 

honeVk>cluet 7.0S (1686) 

FIGURE 4. Norway maple cultivar 
COOl)OSitioo of the Milwaukee planting 

records from 1980 to 1982. 

'SOhwedler' 22.SS 
(2'571) 

'Emerald Queen' 18.241 
(180◄) 

Norway maple 1. ◄41 (184) 

'Slfflnlrlhade' ◄,841 (GOO) 

'fllll8M' 7.2S (82Q) 

'"'"'torffl' 7.GS (8TT) 
'CIIMlend' 7.ft (Q08) 
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planting; while 393 'Chancellor' constituted 23.4% of littleleaf 

lindens and 1.8% of the planting during the sample years (Table 

7, Figure 3) . 

Honeylocust totaled 7.0% of the planting with 1,565 trees of 

three cultivars (Figure 3, Table 7). 'Skyline' totaled 997 trees 

accounting for 63.7% of Milwaukee honeylocusts, 'Shademaster' 

added 491 trees for 31.4%, while 'Imperial' added the final 4.9% 

of Milwaukee honeylocusts with 77 trees (Table 7, Figure 3). 

Discussion of elm replac~~t_in Milwauke_~ 

The city of Milwaukee is divided into four administrative 

districts. Districts one (northeast) and two {northwest) were 

inventoried in 1979 and 1980 and reported by Schuman (1984). In 

terms of species frequency, the inventory results were similar to 

the 1980 to 1982 planting records with Norway maple accounting 

for 48.5%, green ash 13.6% and honeylocust 9.5% of the inventory. 

Sugar maple comprised an additional 9.4% of Schuman's inventory 

(Table 7). 

The average dbh of Norway maple, green ash, honeylocust and 

sugar maple inventoried in 1979 to 1980 was 15.8 cm (6.2 inches) 

{Schuman, 1984). The diameter of these trees indicate they were 

part of the elm replacement campaign recently undertaken by 

Milwaukee. The similarity between the inventory and planting 

records for 1980 to 1982 demonstrates consistency in the planting 

program for the period. The exception was sugar maple which had 
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been de-emphasized in favor of littleleaf linden, probably due to 

maple decline. 

The street tree planting in Milwaukee was characterized by 

homogeneity. A single species, Norway maple, accounted for 

approximately half the planting. Homogeneity is intensified by 

reliance on a few cultivars of the prevalent species. In the 

1980 to 1982 planting records 'Colwnnar', 'Schwedler', and 

'Emerald Queen' make up 36.8% of all trees planted during the 

study period. If 'Marshall's Seedless' green ash is also 

considered, the stability of 50.5% of the planting depends on the 

disease resistance and environmental tolerance of four cultivars, 

three from the same species. 

Waukesha 

The city of Waukesha planted 2594 trees of 10 species and 20 

cultivars during the sample period {Table 8). Like Milwaukee, 

the Waukesha planting records emphasized Norway maple, green ash, 

littleleaf linden and honeylocust, which accounted for 83.7% of 

trees planted. {Table 8, Figure 5}. 

The Norway maple component included seven cultivars and 

totaled 1043 trees comprising 40.3% of all trees planted during 

the study period {Figure 6). Of these, 34.0% were 'Columnar', 

16.8% 'Schwedler' and 30.2% 'Emerald Queen'. These three 

cultivars account for 81.0% of the Norway maples {Figure 6) or 

32.9% of the entire planting (Table 8). 
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Table 8. The composition of the 1980 to 1982 Waukesha HI 
planting records compared with an inventory taken in Waukesha 
during 1980 (Schuman 1984). 

-=T=r-=e-=e-----=t-Y .... P~e~---·-·-----·-·------

Acer: 
Norway maple 

'Cleveland' 
'Columnar' 
'Crimson King' 
'Emerald Queen' 
'Jade Glen' 
'Schwedler' 
'Superform' 

red maple 

Cel tis_: 

'October Glory' 
'Red Splendor' 
'Red Sunset' 

hackberry 

Fraxinus: 
green ash 

'Marshall's 
Seedless' 

'Summit' 

Gl edi tsia_: 
honeylocust 

'Maxwell' 
'Shademaster' 
'Skyline' 

Mal us:_ 
flowering crab 

'Red Radiant' 
'Sno Drift' 
'Tschowski' 

P_yrus :_ 
callery pear 

Quercus: 
English oak 

1_~80 to 1982 -~-~gg_~.4~. ___ S_c::l.1_1,llll~n __ U_~_8JJ_ 
Number % of % of 1980 

of trees ··- }!lanting_ inventory 

15 
57 

355 
9 

315 
58 

175 
59 

5 
3 
5 

135 

136 

378 

4 
83 

136 

2 
1 

38 

105 

114 

0.6 
2.2 

13.7 
0.4 

12.1 
2.2 
6.8 
2.3 

0.2 
0.1 
0.2 

5.2 

5.2 

14.6 

0.2 
3.2 
5.2 

0.1 
0.0 
1.5 

4.0 

4.4 

3.1 
1.8 

12.9 
1.0 
7.5 
0.8 

14.1 

2.5 

4.3 

13.9 

1. 2 

0.6 
0.2 

1.8 

0.5 

0.2 



Table 8. Continued. 

Tilia: 
Crimean linden 
littleleaf linden 

'Chancellor' 
'Greenspire' 

others 
Total: 

45 

15 
170 

7 
214 

2561 

0.6 
6.5 
0.3 
8.2 

100.0% 

0.5 

0.7 
11.8 
19.9 
80.1% 



FIGURE 5. Species cOOl)OSition of the 
Waukesha planting records from 

1980 to 1982. 
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composition of the Waukesha planting 
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There were 514 green ash of two cultivars making up 19.8% of 

the planting (Table 8, Figure 5). 'Summit' accounted for 73.5% 

(378) of green ash and 14.8% of all trees planted. 'Marshall's 

Seedless' constituted the remaining 26.5% (136} of green ash 

(Table 8). 

Littleleaf linden, with 391 trees of two cultivars, 

comprised 15.0% of all trees planted (Table 8, Figure 5); 54.7% 

(214) of these were the cultivar 'Greenspire' which constituted 

8.4% of the entire planting. The species littleleaf linden 

accounted for an additional 43.5% with 170 trees or 6.6% of all 

trees planted (Table 8}. 

Honeylocust constituted 8.6% of the population with 223 

trees of three cultivars. 'Skyline' made up 61.0% of these with 

136 trees for 5.3% of the planting, and 83 'Shademaster' trees 

accounted for 37.3% of the honeylocusts and 3.2% of the planting 

(Table 8). 

Discussion of elm_rep__lacement_in_Naukesha 

The Waukesha planting program was similar to Milwaukee in 

terms of dependence on Norway maple and its cultivars 'Columnar', 

'Emerald Queen' and 'Schwedler' for over a third of the planting. 

Further, a green ash cultivar combines with the popular Norway 

maple cultivars to account for approximately 50% of all trees 

planted. In this case 'Swnmit' supplants 'Marshall's Seedless' 

as the principal green ash cultivar (Table 8). 
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Schuman (1984} reported the results of a 1980 inventory of 

Waukesha. As in Milwaukee, species composition of the street 

tree inventory was similar to that of the planting records for 

1980 to 1982. Four species, Norway maple, green ash, littleleaf 

linden, and honeylocust made up 83.7% of the planting. Further, 

the three most widely planted Norway maple cultivars, 

'Schwedler', 'Columnar' and 'Emerald Queen' accounted for 81.0% 

of all Norway maples and 32.6% of all trees in the Waukesha 

inventory. 'Summit' green ash totaled 91.7% of the green ash and 

14.6% of the planting. These four cultivars comprise 47.2% of 

the Waukesha inventory. 

The average dbh of Norway maple, green ash, littleleaf 

linden, and honeylocust was 12.5 cm (4.9 inches [Schuman, 1984]} 

indicating they had been recently planted. The similarity 

between the 1980 inventory and the planting records reveal 

continuity in an elm replacement program that is characterized by 

homogeneity. 

Stevens Point 

Stevens Point planted 1864 trees of 22 species and 26 

cultivars during the period from 1975 to 1986 (1978 was omitted 

because trees planted that year were not identified by species). 

Five species: Norway maple, flowering crab, littleleaf linden 

and chokecherry and green ash make up 73.7% of the planting 

(Table 9}. 
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Table 9. The composition of the 1975 to 1986 (excluding 1978) 
Stevens Point WI planting records compared with an inventory 
taken in Stevens Point during 1980 (Schuman, 1984). 

__ 1975 _to _J986 __ records _______ Schuman __ 11984) 
Number Percent % 1980 

Tree __ typ~ g_f. ___ _t_~~-~~-- ____ Qf .Pli,tnt.:i,P,g ip,ve;gJ.pry 

Acer_: 
Amur maple 8 
Norway maple 

'Crimson King' 2 
'Cleveland' 27 
'Emerald Queen' 236 
'Schwedler' 85 

red maple 58 
'Drake' 1 
'Red Sunset' 20 

sugar maple 10 

Carpinus :_ 
European hornbeam 2 

Cel tis_:_ 
hackberry 97 

Cratea_gus_:_ 
cockspur hawthorn 12 
Washington hawthorn 8 

'Vaughn' 31 
Fraxinus :_ 

green ash 
'Marshall's 374 
Seedless' 

'SUDIIDit' 53 
white ash 23 

'Autwnn Purple' 8 

Gink_g_o: 
ginkgo 42 

Gledit_sia: 
honeylocust 

'Imperial' 30 
'Shademaster' 1 
'Skyline' 17 
'Sunburst' 4 

0.4 

0.1 
1.4 

12.7 
4.6 
3.1 
0.0 
1.1 
0.5 

0.1 

5.2 

0.7 
0.4 
1.7 

20.1 

2.9 
1.2 
0.4 

2.3 

1.6 
0.0 
0.9 
0.2 

12.8 

24.3 

1.1 

6.9 

1.3 

2.1 



Table 9. Continued. 

Gymnocla.clus: 
Kentucky coffeetree 

Malus_: 
flowering crab 

15 

'American Beauty' 12 
'Centurian' 121 
'Harvest Gold' 51 
'Indian Swnrner' 6 
'Sugar Tyme' 3 
'Van Eckstein' 6 
'White Candle' 23 

Ostrn:. 
Ironwood 

Phellodendron: 
Amur corktree 

Prunus: 
chokecherry 

'Shubert' 

Py_rus: 
callery pear 

'Bradford' 
'Redspire' 

~_e_]:"_g_!!_s : 
pin oak 
red oak 

~_Il_!_~-9_c;t._~ 

Japanese tree lilac 

T:i,.li.~; 
littleleaf linden 

'Fairview' 
'Greenspire' 

9ther§ ... ·-· ... _ 
Total: 

31 

14 

171 

9 
2 

5 
37 

5 

105 
4 

91 

1860 

50 

0.8 

0.7 
6.5 
2.7 
0.3 
0.2 
0.3 
1. 2 

1.7 

0.8 

9.2 

0.5 
0.1 

0.3 
2.0 

0.3 

5.7 
0.2 
4.9 

100.0% 

0.3 

2.8 

].2 

··- - - --·- .-11.i 
100.0% 



Figure 7. Species composition of the 
Stevens Point planting records for 

1975 to 1986 (excluding 1978). 

Norway maple 19'! 
(35 

flowering crab 12% 
(222} 

littleleaf linden 11% 
(200) 

chokecherry 9'! 
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Wash. hawthorn 2'! (39) 

glngko 2% (42} 

honeylocust 3% (52) 

red maple 4% (79) 

hackberry 5% (97) 
other species 8% (141) 
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Green ash, with 427 trees included two cultivars and 

comprised 23.0% of the planting (Figure 7, Table 9}. 'Marshall's 

Seedless' accounted for 87.6% (374} of green ash and 20.1% of all 

trees planted in the period while 'Summit' rounded out the 

remaining 12.4% of green ash with 53 trees for 2.9% of the 

planting (Table 9}. 

Norway maple included 350 trees of four cultivars and 

accounted for 18.8% of trees planted (Figure 7, Table 9). 

'Emerald Queen' comprised 67.4% of Norway maples and 12.6% of the 

planting with 296 trees. 'Schwedler' accounted for an additional 

24.2% of Norway maples with 58 trees and 4.6% of the planting. 

Twenty-seven 'Cleveland' Norway maples totaled 7.7% of Norway 

maples and 1.4% of the population {Table 9}. 

Seven cultivars of flowering crab comprised 11.9% of trees 

planted with 222 trees (Table 9, Figure 7}. Of these, 

'Centurian' made up 55% of flowering crabs and 6.5% of the entire 

planting with 121 trees. 'Harvest' contributed an additional 

42.1% of flowering crabs with 51 trees comprising 2.7% of the 

planting while twenty-three 'White Candle' flowering crabs 

accounted for 10.4% of flowering crabs and 1.2% of the planting 

total. Three additional cultivars filled out the remaining 2.8% 

of the flowering crabs (Table 9). 

Littleleaf linden was represented by 200 trees for 10.8% of 

the population (Table 9, Figure 7), 105 (52.5%) of these were the 

species, accounting for 5.7% of the population. An additional 

45.5% of littleleaf lindens {91 trees) were 'Greenspire' which 



comprised 4.9% of the total planting. 

9.2% of the planting with 191 trees. 

'Shubert' (Table 9, Figure 9). 

Chokecherry accounted tor 

All these were the cultjvar 

Qiscµssi.,op of elm rE!placE!m.~111:_ :i,J1 f;Jey~11~ P9J11t 

Stevens Point plantings were more diverse than those of 

Milwaukee and Waukesha, primarily because of diminished reliance 

on Norway maple (Figure 5). Nevertheless, the trend in Stevens 

Point is toward homogeneity in terms of dependence on a small 

group of taxa. The four cultivars 'Emerald Queen' Norway maple, 

'Marshall's Seedless' green ash, 'Cenlurian" flowering crab, and 

'Shubert' chokecherry make up 48.5% of the planting (Table 8). 

The fact that each of these cultivars is from a different spedes 

contributes to the higher level of diversity in Stevens Point. 

Schuman (1984) reported the results of a 1980 inventory iu 

Stevens Point. The four most common species, red maple {24.3% of 

the inventory), Norway maple (12.8%), silver maple (11.31) and 

American elm (11.1%) account for 49.5% of the inventory. Of 

these, only Norway maple was dominant in the planting records of 

1975 to 1986. The average diameter of Norway maple was 10.9 cm 

{4.3 inches) indicating its frequency was a result of the elm 

replacement program in Stevens Point. The results indicate that 

the city is proceeding on a planting program characterized by 

greater diversity than the other two study cities although 

reliance on Norway maple is becom:ing evident. 
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Stevens Point has several factors that contribute to its 

apparent heterogeneity compared with Milwaukee and Waukesha. 

First, planting records for 10 years were studied in Stevens 

Point while Milwaukee and Waukesha were limited to three. Had 

records for a 10 year period been examined for Milwaukee and 

Waukesha, a more diverse group of taxa may have been presented. 

Secondly, the scope of Stevens Point's planting program is 

comparatively limited. For example, Milwaukee planted twice as 

many 'Columnar' Norway maples in the 1980 to 1982 period than all 

the trees planted in Stevens Point from 1975 to 1986 {excluding 

1978 [Table 7, Table 8]). As a result, Stevens Point could 

obtain species that are less commonly available in the quantity 

required by Milwaukee and Waukesha. 

Qe1_1~-~~l d.i8-~98-.~:i.91! Qn_ tll~ !l~J~1;~- 9.f -~-l-~--r.~p:J,_c1.c~~!lt 

Milwaukee, Waukesha and to a lesser extent Stevens Point 

show a trend toward homogeneous planting programs through the 

reliance on a limited number of species: Norway maple, green 

ash, honeylocust and littleleaf linden. Moreover, the 

utilization of a restricted number of cultivars augments this 

homogeneous character. Three Norway maple cultivars account for 

a third of all trees planted in Milwaukee and Waukesha and the 

population of most other species is dominated by one or two 

cultivars {Tables 7,8, and 9). 

Limiting variability by over reliance on a small group of 

cultivars may reduce the stability of a tree community. In 
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discussing production forestry, Zobel and Talbert (1984) point 

out that members of one clone may be killed or damaged by 

environmental agents while another overtly similar clone remains 

healthy. Richards (1982/1983} opposed the use of a limited 

number of cultivars because the practice was potentially 

unstable. 

There are several practical reasons for the restricted 

number of taxa in Milwaukee, Stevens Point and Waukesha. 

Wisconsin cities have reported problems in achieving diversity in 

their street tree planting because of the limited number of 

adapted species available (Miller and Bate, 1978). Schuman 

(1984) rates only four species; Norway maple, green ash, 

honeylocust, and littleleaf linden (the same four species that 

are relied upon by Milwaukee and Waukesha) as best adapted, and 

nine others that show promise for urban plantings in Wisconsin. 

Planting several blocks with a single species provides aesthetic 

unity from an architectural perspective (Miller, 1988}. Further, 

individual cultivars may have characteristics that uniquely suit 

them to the requirements of a particular planting site. For 

example, 'Columnar' Norway maple is a cultivar with a narrow 

spread at maturity (Appendix A). This characteristic enables 

'Columnar' to be planted along or between buildings or utility 

lines where space would be too confined for any other taxon. 

The urban forest manager may be left with a choice between over 

utilizing a particular taxon or leaving areas without trees. 
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Richards (1982/1983) argues that undue emphasis on 

diversity destabilizes a street tree population. His reasoning 

is that the species in the older population have proven their 

adaptability by their longevity; inferior trees having been 

culled by urban stresses. Increasing diversity involves species 

that have uncertain adaptability. He writes: 

In trying to anticipate future physical and chemical 
environments for street trees, it therefore seems logical 
that species with proven broad and longstanding adaptation 
to the conditions of a particular community are more likely 
to be successful under future conditions there than species 
that have not been proven to date. 

Other experts disagree with Richards. Guntenspergen and 

Stearns (1982/1983) point out that the sudden demise of the elm 

population counters any assertion that species with proven 

adaptability are more likely to withstand a new stress. They add 

that diversity of taxa does not necessarily guarantee stability, 

but it may add safety valves in a simplified urban environment. 

Dirr (1983) and Hasselkus (1980) have a similar point of view and 

urge diversified tree planting programs utilizing a variety of 

taxa. 

There is evidence of reliance· on a limited number of 

species, especially Norway maple, for street tree planting 

elsewhere. Pickering and Perkins (1982) examined planting 

records for 1971 to 1980 for five southern Ontario cities and 

found that Norway maple dominate the records with 35 to 50% of 

the planting. Six species: green ash, honeylocust, littleleaf 

linden, flowering crab and mountainash and Norway maple account 
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for between 75% and 95% of the street trees planted (depending on 

the year). 

A utilitarian policy should be implemented that accepts 

practical, architectural and availability concerns while 

retaining cognizance of the potential for a catastrophic taxon 

specific event. Plantings should be diversified to the extent 

that a complete failure of any one taxon would not affect the 

overall stability of a street tree population. Simply put, urban 

foresters should plant no more trees of a given type than they 

could afford to lose. Under the planting program indicated by 

the 1980 to 1982 planting records, 51.5% of the Milwaukee street 

tree population and 40.3% of the Waukesha population is at risk 

should a virulent disease develop against Norway maple. 

8-.Pe~:i,~.s/_C_µJ tJ 1'.ctr ~:g,~_yj,_y_~l 

Planting Establishment 

Removal records were not available for Stevens Point and 

were incomplete in Milwaukee and Waukesha. In Milwaukee, removal 

records existed for only 181 trees accounting for 43.8% of 

mortality, while in Waukesha, records were available for 94 

(57.0%} of the 165 fatalities. Removals for the study years 

1980, 1981 and 1982 were combined and plotted through a four year 

period for Milwaukee and Waukesha. About half of the trees 

removed (48.8% in Milwaukee and 52.9% in Waukesha) where dead by 

the end of the first year, and an additional 25% (a cumulative 
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total of 72.2% in Milwaukee and 79.3% in Waukesha} were removed 

by the time the trees were two years old {Figure 8). 

Removals of trees planted in 1981 and 1982 could be traced 

for five {Figure 9) and six years (Figure 10) respectively. In 

each case the removals for Milwaukee and Waukesha followed much 

the same pattern as the combined four year plot (Figure 8} and 

stabilized when the planting was about four years old (Figure 9 

and Figure 10). 

The Stevens Point sample included individuals planted as 

early as 1975. In spite of a lack of removal records for Stevens 

Point, there is evidence this population also stabilized by four 

years. Percent survival of trees planted in 1982 was not 

significantly different from the survival of trees planted in any 

year back to 1975, suggesting the population stabilized at or 

before a four year period. Evidence of a four year 

establishment period is consistent with conjecture by Miller 

{1988) suggesting that a five year establishment period be 

allowed before planting success can be realistically evaluated. 

Milwaukee 

The overall survival rate of the Milwaukee sample was 58.8% 

{Table 12). This was significantly lower than the 76.5% survival 

of Waukesha (P<0.01) and the 74.9% survival of Stevens Point 

(P<0.01 [Table 10]). According to Ken Ottman (1986), supervisor 

of the Milwaukee Bureau of Forestry, Milwaukee received federal 

redevelopment grants to plant trees in old neighborhoods during 



Figure 8. Oumulitive percent removal over a four year period for 
trees planted between 1980 and 1982 in Milwaukee and Waukesha 
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fvn 9. The ·curulltlve percent 
removal over a 5 year period for trees 

planted in 1981 in Milwaukee 
and Waukesha. 
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the target years of the study. There were 311 trees sampled from 

redevelopment areas of Milwaukee (Table 11). These trees had a 

51.81 survival rate (Table 12) which was significantly lower than 

the 62.01 survival of the remaining Milwaukee trees (P<0.01 

[Table 10]}. Because that survival in the redevelopment areas 

was significantly lower than the remainder of Milwaukee, the two 

areas were treated as distinct populations. 

Significant probabilities (P</=0.05} and probabilities that 

approached significance (P</=0.10} resulting from chi square 

comparisons of non-redevelopment taxa are presented in Table 13 

and Table 14 for the redevelopment component. The sample size 

was generally small among the taxa in the redevelopment zone 

(Table 11}. Fisher's exact test was computed where there were 

fewer than 20 trees in a particular comparison. A problem arose 

when comparisons involved more than 20 trees and the expected 

frequency was less than five in one or more cells of the 

contingency table. In a two by two comparison, this circumstance 

renders the chi-square test invalid (Norusis, 1987}. Therefore, 

not all taxa sampled in the redevelopment area of Milwaukee could 

be statistically compared. 



Table 10. Chi-square statistics of street tree survival 
comparing Milwaukee with Stevens Point, and Milwaukee with 
Waukesha. 

Cities 
Compared 

Observed 
Survival 

Expected 
Survival N p 

.............. ,,,,, ................ ,. ..................... ,,.............................. ..................................................................... -"""'"'"'""""'"''"'' ...................... ,, ............................ ,, ................................... , ........ , . 

. ,,, ...................... ,.... ............................... ·············· ........................................................................ ,, ..................... , ............ ., .. 

Milwaukee 
vs. 

Stevens Point 

Milwaukee 
vs. 

Waukesha 

Milwaukeel 
vs. 

Milwaukee 
redevelopment 

Milwaukeel 
vs. 

Stevens Point 

Milwaukee2 
vs. 

Stevens Point 

Milwaukeel 
vs. 

Waukesha 

Milwaukee2 
vs. 

Waukesha 

.. - - ---··--

590 

275 

590 

512 

429 

161 

429 

275 

425 

275 

429 

512 

425 

512 

- ·----·-- -··---

638.0 

232 

657.9 

444.1 

407.1 

182.9 

459.6 

244.4 

447.5 

252.5 

475.7 

462.3 

459.7 

477.3 

--··•- ···--··- - --· 

1003 

368 

1003 

677 

692 

311 

692 

368 

652 

368 

692 

677 

654 

607 

·------··-···-----
_________ ,, _______ 

lMilwaukee without the redevelopment areas 

<0.01 29.25 

<0.01 49.83 

<0.01 9.26 

<0.01 17.46 

<0.01 10.75 

<0.01 29.60 

<0.01 17.42 

.. -· ·- ·-····- --- ·---·· . - ······-·-· -- . -· 

2Milwaukee without the redevelopment areas and without 'Autumn 
Purple' white ash 
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Table 11. A breakdown of the Milwaukee street tree sample. 

Cultivar 
Redevelopment 

Grant Plantings 
Municipal 
Plantings 

Entire 
City 

............................................................................................................................................................ ___ ............................................................ , ................................. , ............................. ,, ........................................................................ . 
.... ····························" ........................................ .,,,,, ... ,........... ...... ·········•·"··"' .................................................................... ,..... .. .... , .......................... . 

Norway maple: 
'Cleveland' 9 41 50 
'Columnar' 9 41 50 
'Emerald Queen' 8 42 50 
'Faassens' 4 46 48 
Norway maple 17 33 50 
'Royal Red' 5 25 30 
'Schwedler' 11 39 50 
'Swnmershade' 4 46 50 
'Superform' 17 32 49 

white ash: 
'Autumn Purple' 10 40 50 

green ash: 
'Marshall's 11 39 50 
Seedless' 

'Swnmit' 18 32 50 

honeylocust: 
'Imperial' 27 23 50 
'Shademaster' 19 31 50 
'Skyline' 15 34 49 

callery pear 
'Bradford' 12 17 29 
'Redspire' 45 2 47 

English oak: 9 40 49 

Crimean linden: 29 21 50 

littleleaf linden 
'Chancellor' 13 37 50 
'Greenspire' 19 31 50 

. - ··-···· ---- - ·------ . -·-

311 692 1003 
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Table 12. Percent survival of Milwaukee cultivars sampled in 
federal redevelopment, non··-redevelopment and for the entire cty. 

Cultivar 
............................................................................. ,,. ... , ....... . 

Entire 
City 

Redevelopment 
Grant Plantings ____ ........................................... ., ............. , ............................. ,,, ........... ,, ... , .. .. 

Non·-· redevelopment 
Plantings 

...................................................... ................... .. . ............. , .................. , ..... , ............... .. .......... .,, ............. ..,,, ....... , ......................... , 

Norway maple: 
'Cleveland' 
'Columnar' 
'Emerald Queen' 
Norway maple 
'Faassens' 
'Royal Red' 
'Schwedler' 
'Summershade' 
'Superform' 

white ash: 
'Autumn Purple' 

green ash: 
'Marshall's 
Seedless' 

'Summit' 

honeylocust: 
'Imperial' 
'Shademaster' 
'Skyline' 

callery pear: 
'Bradford' 
'Redspire' 

English oak: 

Crimean linden: 

littleleaf linden: 

64.5 
52.0 
68.0 
66.0 
52.0 
43.3 
52.0 
78.0 
65.3 

8.0 

72.0 

72.0 

58.0 
62.0 
61.2 

55.2 
66.0 

65.3 

48.0 

88. 9* 
11.1* 
50. O* 
58.8 
75 .O* 
0.0* 

36. 4* 
50.0 
58. 8* 

0. O* 

63. 6* 

72. 2* 

44.4 
52.6 
46.7 

66.7* 
66.7* 

66.7* 

24.P 

'Chancellor' 56.0 38.5 
'Greenspj.re' _______________ 6~4~.0~-~------73_._7* _____ _ 
Mean: 58.8% 51.8% 

..... ,, ........ , .......... , .... ,,.. ... ,,,,, ............... , .... ,., .......................... , .............................. . 

58.5 
61.0* 
71. 2 
69.7 
50.0* 
52.0* 
56. 4* 
80. 4* 
68.8 

74. 4* 

71.9 

73.9 
67.7 
67.7 

47 .1 * 
50.0 

65.0 

81.0* 

62.2 
-- 58.1 _______ _ 

62.0% 

*Taxa that have survival performance significantly different 
{P</=0.05} from at least 1 other tree type in each respective 
colwnn {excluding non-redevelopment 'Autumn Purple white ash}. 

•significantly lower than all other taxa in the non-redevelopment 
areas of Milwaukee {except the callery pears}. 



Table 13. Matrix of probabilities (where P </= 0.10) for survival comparisons of Milwaukee non-redevelopoment taxa. 
·-· -- ---- ---- ----------------·-·-··-· ---· - ------------ ··-. - --- ---···-······----. - --- ---- . - -------•-··. 

CL 1K GA HL GA 1K 1K 1K HL HL 
L ss KS I s EQ SP SK SH 

(percent (81.0) (80. 4) (74.4) {73.9) (71. 9) {71.2) 69.7) (68.8) {67.7) (67.7) 
survival) 

WA AP (10.0) <0.01 <0.01 <0.01 <0.01 <0,01 <0.01 <0.01 <0.01 <0.01 <0.01 

CP B (47.1) 0.06 0.02 0.09 

NM F (50.0) 0.03 <0.01 0.09 

NH RR (52.0) 0.03 

HK SC (56.4) 0.03 

LL GS (58.1) 0.06 

1K CL {58.5) 0.05 

NM CO {61.0) 0.08 

__ _, ---------------------------------- ------------------ ------------- - - ---- --

Key: 
CL = Crimean linden 
CP B = 'Bradford' callery pear 
CP RS= 'Redspire' callery pear 
EO = English oak 
GA KS= 'Marshall's Seedless' green ash 
GA S = 'Stmmit' green ash 
BL I= 'Imperial' Honeylocust 
HL SH= 'Shademaster' honeylocust 
BL SK= 'Skyline' honeylocust 

LL CB= 'Chancellor' littleleaf linden 
LL GS= 'Greenspire' littleleaf linden 
1K = lorvay maple 
1K CL= 'Cleveland' lorway maple 
1K CO= 'Columar' lforway maple 
1K EQ = 'Emerald Queen' lforway maple 
HK F = 'Faassens' lforway maple 
1K RR= 'Royal Red' lforway maple 
1K SC= 'Schwedler' lforway mpale 

EO LL 1K 1K LL 
CB co CL GS 

(65.0) (62.2) (61.0) (58.5) {58.1) 

<0.01 <0.01 <0.01 <0.01 <0.01 

1K SP= 'Superform' lorway maple 
1K SS = 'Swnnershade' Norway maple 
RA AP= 'Autum Purple' white ash 

IfK MK IfH 
SC RR F 

(56.4) (52.0) (50 

<0.01 <0.01 <O 



Table 14. Matrix of proba~ilities (where P </= 0.10) for survival comparisons of Milwaukee redevelopment taxa. 

NM 
CL 

(88.9 

NM LL GA EO CP CP GA NH NM NH 
F GS S RS B MS SP EQ 

(percent 
survival) 

(75.0) (73.7) (72.2) (66.7) (66.7) (66.7) (63.6) (58.8) (58.8) (50.0) 

WP AP (O.O) <0.01 

<0.01 

<0.01 

0.01 

lfH RR (0.0) 

NM co ( 11.1) 0.05 

CL (24.1) <0.01 

RM SC (36.4) 0.03 

HL I 

Key: 

(44.4) 

CL = Crimean linden 
CP B = 'Bradford' callery pear 
CP RS= 'Redspire' callerr pear 
EO = English oak 

0.01 

GA MS= 'Marshall's Seedless' green ash 
GA s = 'Sunnit' green ash 
HL I= 'Imperial' Honeylocust 
HL SH= 'Shademaster' honeylocust 
HL SK= 'Skyline' honeylocust 

0.03 

<0.01 

0.03 

0.01 0.05 

0.03 

0.03 

0.04 

0.01 

0.04 

LL CB= 'Chancellor' littleleaf linden 
LL GS= 'Greenspire' littleleaf linden 
NM = lorway maple 
NM CL= 'Cleveland' Norway maple 
NM CO= 'Columnar' fforway maple 
NM EQ = 'Emerald Queen' Norway maple 
NM F = 'Faassens' Korway maple 
NM RR= 'Royal Red' Norway maple 
NM SC= 'Schwedler' Norway mpale 

0.04 

0.02 

NM SP= 'Superform' fforway maple 
NM SS = 'Stlll'lllershade' Norway maple 
WA AP= 'Autumn Purple' white ash 
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Rorwai _ map_l e 

The survival of Norway maple outside the redevelopment area 

ranged from 80.4% for 'Swmnershade' to 50% for 'Faassens' {Table 

12). 'Cleveland' Norway maple had 61% survival in the non

redevelopment area and 88.9% in the redevelopment area (Table 

12). The excellent survival rate of 'Cleveland' in the 

redevelopment area is derived from only nine trees (Table 11). 

This performance was not significantly different from 17 of the 

redevelopment taxa (Table 14). In the non-redevelopment area, 

'Cleveland' did not distinguish itself from 19 of the taxa (Table 

13). 

'Columnar' Norway maple had 61.0% survival outside the 

redevelopment area (Table 12) which did not vary significantly 

from 19 of the taxa (Table 13). Within the redevelopment area, 

'Columnar' recorded 11.1% survival (Table 12). However, this 

performance was the result from only nine trees (Table 11), and 

'Columnar' did not differ significantly from 18 of the taxa in 

the redevelopment area. 

'Columnar' was the most frequently planted cultivar in 

Milwaukee (Table 5). Aside from its utilitarian narrow crown 

spread, 'Columnar' has a reputation as a durable tree that lends 

itself to stressful planting sites. However, 'Columnar' did not 

prove to be durable on these sites. For example, 18% of 

'Columnar' Norway maples were planted on streets that carried 

over 15000 cars per day and these trees had only a 33% survival 

rate (Table 21). In addition, 'Columnar' did not distinguish its 
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durability on other sites. When the trees planted along heavily 

traveled streets were omitted from the non-redevelopment sample, 

the survival of the remaining 'Columnar' rises to just 62.9% 

which was statistically different from only one taxon in the non

redevelopment areas of Milwaukee. 

'Emerald Queen' Norway maple, with 71.2% survival outside 

the redevelopment area (Table 12), did not differ significantly 

from 19 of the non-redevelopment taxa (Table 13). It recorded a 

50% survival in Milwaukee's redevelopment area (Table 12) which 

significantly surpassed a single taxon (Table 14). 

The 50% survival of 'Faassens' Norway maple outside the 

redevelopment area (Table 12) differed significantly from four 

taxa (Table 13). In the redevelopment plantings, three of the 

four 'Faassens' sampled survived (Table 12) which was 

significantly greater two taxa (Table 14). 

The species Norway maple had a 69.7% survival in the non

redevelopment area (Table 12) which was significantly greater 

than 'Autumn Purple' white ash (Table 13). In the redevelopment 

areas, Norway maple had a survival rate of 66.0% (Table 12), 

significantly greater than two taxa (Table 14). 

'Royal Red' Norway maple recorded 50% survival in non

redevelopment area (Table 12), significantly differing from two 

taxa (Table 13). Within the redevelopment area, all five 'Royal 

Red' Norway maples sampled failed (Table 12), this performance 

was significantly below three taxa (Table 14). 
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The survival of 'Schwedler' Norway maple was 56.4% in the 

non-redevelopment area {Table 12), which did not differ form 19 

of the taxa {Table 13). In the federal redevelopment project, 

'Schwedler' had 36.4% survival {Table 12) which differed 

significantly form only one taxon (Table 14). 

The 80.4% survival of 'Summershade' Norway maple in the non

redevelopment area {Table 12) was significantly better than five 

taxa (Table 13). In the redevelopment area of only four 

'Summershade' Norway maples were sampled, two of which were 

removed (Table 11 and Table 12). This performance did not differ 

significantly from any other taxon. 

The survival of 'Superform' Norway maple was 68.8% in non

redevelopment areas (Table 12) which was significantly greater 

than only one other taxon (Table 13). In redevelopment areas, 

the survival of 'Superform' was 58.8% (Table 12) which was 

significantly greater than Crimean linden (Table 14). 

'Autumn Purple' ___ white __ ash 

'Autumn Purple' white ash, with only 8% survival (Table 12), 

had the poorest performance of any taxon in Milwaukee. Its 

survival outside the redevelopment area was significantly lower 

{P<0.01) than all other taxa for which sample sizes allowed for 

statistical comparisons (Table 13). All of the ten 'Autumn 

Purple' white ashes planted within the redevelopment area failed 

(Table 12). The results were significantly lower than five taxa 

(Table 14). 
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Green ash 

'Marshall's Seedless' had a 74.4% survival in the non

redevelopment area {Table 12}, significantly higher than two taxa 

{Table 13}. The survival of 'Marshall's Seedless' green ash in 

redevelopment areas of Milwaukee was 63.6% {Table 12) three taxa. 

'Summit' green ash recorded 71.9% survival {Table 12) 

outside the redevelopment project, approaching significance above 

two taxa {Table 13). The 72.2% survival of 'Summit' within the 

redevelopment area {Table 12) was significantly greater than 

Crimean linden {Table 14}. 

Bone~locust 

'Imperial' honeylocust outside the redevelopment area had 

73.9% survival {Table 12} which was significantly greater than 

'Autumn Purple' white ash {Table 13). The 67.7% survival of both 

'Shademaster' and 'Skyline' {Table 12) were not significant, and 

did not approach significance when compared with any taxon 

outside the redevelopment area other than 'Autumn Purple' white 

ash {Table 13). 

In the redevelopment area, the 44.4% survival of 'Imperial', 

the 46.7% survival of 'Skyline' and the 52.6% survival of 

'Shademaster' {Table 12) did not differ significantly nor 

approach significance compared with other taxa in the 

redevelopment area of Milwaukee {Table 14). 



7.1 

Callery pear 

'Bradford' callery pear had a 47.1% survival outside of the 

redevelopment area (Table 12), which was significantly lower than 

'Swmnershade' Norway maple (Table 13). Within the redevelopment 

area, the 66.7% survival of 'Bradford' (Table 12) was 

significantly higher than two taxa (Table 14). 

'Redspire' callery pear had a 50% survival in the non

redevelopment area (Table 12) which could not be shown to be 

significantly different from any other taxon (Table 13). Within 

the redevelopment area, the 66.7% survival of 'Redspire' (Table 

12) outperformed two taxa (Table 14). 

English_oak 

The 65.0% survival of English oak outside the redevelopment 

area (Table 12) only differed significantly from 'Autumn Purple' 

white ash (Table 13). Within the redevelopment area, the 66.7% 

survival of English oak (Table 12) was significantly greater than 

Crimean linden (Table 14). 

Little l eaf __ J_inden 

'Greenspire' littleleaf linden recorded 58.1% survival in 

non-redevelopment area (Table 12}, which was significantly 

greater than 'Autumn Purple' white ash (Table 13}. In the 

redevelopment area, the 73.7% survival of 'Greenspire' is 

significantly higher than one taxon (Table 14). 
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Crimean _ _linden 

Crimean linden sampled outside the redevelopment area 

recorded 81.0% survival (Table 12) which was superior to two taxa 

(Table 13). In the redevelopment area, the 24.1% survival of 

Crimean linden (Table 12) was significantly lower than seven 

taxa. 

Discussion of street tree -~~~~:i,y~J in Hil_!f~~-~~---

Significance between the survival rates of the assorted taxa 

is sporadic in the redevelopment area, primarily due to the 

uneven sample sizes and associated defects in analysis. 'Autumn 

Purple' white ash (10% survival), Crimean linden (24.1%) and 

'Cleveland' Norway maple (88.9%} stand out because of their 

extreme survival rates and a sample size which accommodated 

analysis. 

Reliable records regarding the cause of death for Milwaukee 

tree removals were unavailable. However, according to Ken Ottman 

(1988) a substantial part of the mortality in the redevelopment 

area can be attributed to vandalism. Field observation of 

existing plantings indicated two types of vandalism; snapped tree 

trunks and wounds that were carved or gouged on trees. Breaking 

trunks either killed trees outright or destroyed their ornamental 

value. Wounding creates a disease port by removing a tree's 

defence against infection (Shigo, 1987) and produces the 

potential for further mortality. Many blocks were observed where 

100% of the trees had been vandalized. 
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The effect of vandalism can be illustrated by comparing the 

24.1% survival of Crimean linden in the redevelopment area verses 

its 81.0% survival in the non-redevelopment area (Table 12). 

Twenty-nine of the Crimean lindens were sampled from the 

redevelopment plantings (Table 11). Twenty-two of these were 

sampled from work unit 350 which was notorious as one of the most 

heavily vandalized areas in Milwaukee (Ottman, 1986)· Nineteen 

of the Crimean lindens planted in work unit 350 died, accounting 

for 79.2% of the mortality of this species for the entire city. 

Survival of street tree taxa in the redevelopment area is 

probably due more to the vulnerability of their location than to 

overall adaptability. For example, the 'Redspire' callery pear 

population which was concentrated on North 32nd street 

outperformed the Crimean lindens which were concentrated in work 

unit 350. The 2500 and 2600 blocks of North 32nd street, where 

the 'Redspire' callery pear were located, run adjacent to the 

Master Lock plant. Security and adult pedestrian traffic, which 

would discourage vandalism, were undoubtedly higher near this 

factory than in the residential area that characterized work unit 

350. Similar circumstances may have accounted for the 

significant survival differences in the redevelopment area for 

other taxa. 

With a few exceptions, survival in the non-redevelopment 

area of Milwaukee was independent of taxa. Crimean linden (81.0% 

survival), 'Sununershade' Norway maple (80.4%), and 'Marshall's 

Seedless' green ash (74.4%) were the only taxa that recorded 
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survival significantly greater than two or more other taxa {Table 

13). Of these, only 'Sunanershade' had survival significantly 

greater than more than two other taxa. Similarly, only four 

cultivars recorded survival significantly lower than one or more 

other tree type: 'Autunm Purple' white ash {10.0% survival), 

'Bradford' callery pear {47.1%), 'Faassens' Norway maple {50.0%), 

and 'Royal Red' Norway maple {52.0%). Two members of this list, 

'Autumn Purple' white ash and 'Faassens' Norway maple registered 

survival inferior to more than one other tree type. If 'Autumn 

Purple' white ash is excluded from consideration, only 10% of the 

taxa studied were significantly different from more than one 

other tree type in the non·-redevelopment area of Milwaukee {Table 

13). 

The results provide a basis upon which to encourage a more 

even species distribution than was present in the Milwaukee 

planting records for 1980 to 1982. The most commonly planted 

cultivars: 'Colunmar', 'Emerald Queen' and 'Schwedler' Norway 

maple along with 'Marshall's Seedless' green ash did not differ 

significantly from at least 18 of the 21 study taxa. In this 

light it is difficult to rationalize the popularity of these 

species in the Milwaukee planting records. 

An effort should be made, using the Milwaukee planting 

records for 1980 to 1982, to study the survival of various other 

taxa to determine if they have performance similar to the taxa 

examined in this project. The results might provide valuable 
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information upon which to base street tree planting selection 

guidelines. 

Stevens Point 

The Stevens Point sample survival was 74.7% (table 7). The 

survival rates of Stevens Point cultivars appear in Table 15. 

There were no significant relationships between the survival of 

taxa in Stevens Point. However, the 85.6% survival of 'Summit' 

green ash approached significance with the 62.5% survival 

'Skyline' honeylocust at (Table 16). If the years 1980 to 1982 

are isolated, there is no significant difference between the 

survival of taxa. It would be useful to examine other taxa 

planted in Stevens Point over the sample period to determine if 

survival is also independent for them as well. 

Waukesha 

The overall survival rate in Waukesha was 75.6% (table 15). 

Survival rates for cultivars are presented in Table 15. Fall 

planting had 81.4% survival in Waukesha which was significantly 

higher than the 73.2% survival of spring planting (P = 0.02 

[Table 18]). A matrix of survival comparisons for significant 

relationships (P</=0.05) and relationships that approached 

significance (P</=0.10) are presented in Table 17. 

Norway ~.Rl.~ 

Norway maple cultivars displayed considerable survival 

variability in Waukesha, ranging from 87.8% for 'Schwedler' to 
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Table 15. Percent survival of taxa in Stevens Point and 
Waukesha. __ .................................................................. ----·-----............................................................................................................. _____ ............................ .. 
Cultivar 

Stevens 
Point Waukesha 

:::::::::::=========== .................................................... -...... -..... -...... -.... -------------------_-_-_ ---..::-.... -..... -...... -..... -..... -...... -..... -...... -..... ::::: ................................... :::::::::::::::::::::::::::::::::::::::::::::::: 

Norway maple: 
'Cleveland' 
'Columnar' 
'Emerald Queen' 
'Jade Glen' 
'Schwedler' 
'Superform' 

green ash: 
'Marshall's 
Seedless' 

'Swmnit' 

honeylocust: 
'Shademaster' 
'Skyline' 

flowering crab: 
'Centurian' 

chokecherry: 
'Shubert' 

callery pear: 
'Bradford' 
'Redspire' 

English oak: 

Crimean linden 

littleleaf linden: 
'Chancellor' 
'Greenspire' 

mean 

80.0 

78.4 

72.0 

85.6 

62.5 

72.0 

78.0 

76.2 

68.0 

74. 7 

81.6 
78.3 
84.0 
70.0 
87.8 
46.0 

85. 7 

96.0 

93.9 
92.0 

62.8 
53.5 

65.3 

58.0 

75.6 



''.'I 

l (,. 

J 

Key. 
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46.0% for 'Superform' Norway maple (Table 15). 'Cleveland' 

registered 81.6% survival (Table 15), significantly different 

from four taxa (Table 17). 

'Columnar' Norway maple had 78.3% (Table 15) survival which 

differed significantly from three taxa (Table 17). 'Emerald 

Queen' Norway maple survival was 81.6%, (Table 15) significantly 

better than four taxa (Table 17). 'Jade Glen' Norway maple 

registered 70% survival (Table 15) which was significantly 

different from four taxa (Table 17). The 87.8% survival of 

'Schwedler' Norway maple (Table 15) was significantly better than 

five taxa (Table 17). 'Superform' Norway maple recorded 46.0% 

survival (Table 15) which was significantly inferior to nine taxa 

(Table 17). 

Green ash 

'Summit' green ash had 96% survival (Table 15) which was 

significantly better than eight taxa (Table 17). 'Marshall's 

Seedless' green ash with 85.7% survival (Table 15) out performed 

five taxa (Table 17). 

B~:m~YJQ~~l 

'Shademaster' honeylocust, with 93.9% survival (Table 15) 

was superior to six taxa (Table 17). 'Skyline' honeylocust with 

92.0% survival (Table 15) also performed significantly better 

than six taxa (Table 17). 
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Table 18. Chi-square statistics comparing Waukesha spring verses 
fall planting survival. 

Season 

spring 
vs. 

fall 

Observed 
Survival 

216 

219 

Expected 
Survival 

227.5 

207.5 

N 

295 

269 

p 

0.02 5.35 



Table 17. Matrix of probabilities (where P </= 0.10) for survival comparisons of Waukesha taxa. 
--------·--- ·---------~----------------·-- - ---- ·---------------· ------- ·-----------

GA HL HL NM GA NM NM NM NM 
s SH SK SC MS EQ CL co JG 

(percent {96.0) {93.9) {92.0) {87.8} {85.7) {84.0) ( 81. 6) (78.3) (70.0} 
survival) 

NM SP (46.0) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 

CP RS {53.5) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.02 

LL GS {58.0) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.06 

CP B (62.8) <0.01 <0.01 <0.01 0.02 0.02 0.04 0.07 

EO (65.3) <0.01 <0.01 <0.01 0.02 0.03 0.06 

NM JG {70.0) <0.01 <0.01 0.01 0.06 0.06 

NM CO {78.3) 0.02 0.06 0.10 

NM CL { 81. 6) 0.05 

NM EQ (84.0) 0.10 
------------ ---- - ----- --------- - •-·-- - ··--·----- ·------------------ ·-------------. --- --- ------ ----- ------·------------- -------

Key: 
CP B = 'Bradford' callery pear 
CP RS= 'Redspire' callery pear 
EO = English oak 
GA MS= 'Marshall's Seedless' green ash 
GA S = 'Swmnit' green ash 
HL SH= 'Shademaster' honeylocust 
HL SK= 'Skyline' honeylocust 

LL GS= 'Greenspire' littleleaf linden 
NM = Norway maple 
NM CL= 'Cleveland' Norway maple 
NM CO= 'Columnar' Norway maple 
NM EQ = 'Emerald Queen' Norway maple 
NM SC= 'Schwedler' Norway mpale 
NM SP= 'Superform' Norway maple 
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Cal l_ery_1ear 

'Bradford' registered 62.8% survival (Table 15) which was 

inferior to six taxa (Table 17). Redspire' callery pear recorded 
, 

53.5% survival (Table 15) which as significantly lower than eight 

taxa (Table 17). 

English oak 

English oak, with 65.3% survival (Table 15) performed 

significantly lower five taxa (Table 17). Field observation 

indicated some two--1 ined chestnut borer activity. 

Littleleaf linden 

'Greenspire' was the only littleleaf linden cultivar sampled 

in Waukesha. Its survival rate of 58.0% (Table 15} was 

significantly lower than seven taxa (Table 17). 

Discussion __ of _street __ tree_survival __ in _Waukesha 

There was a greater amount of significance between the 

survival rates of taxa in Waukesha than in Milwaukee or Stevens 

Point. No work unit (section of a city established as a 

management area) in the city had survival that was significantly 

different from other work units. Moreover, vandalism was not 

apparent through field observation. The evidence indicates that 

significant differences in street survival are dependent on taxa 

in Waukesha. 
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Swmaary of Species and Cultivar Survival 

The discussion for Milwaukee is limited to trees planted 

in the non-redevelopment areas because vandalism is believed to 

have had an indiscriminate effect on survival in the 

redevelopment component. 

l_c:>r~ay mapl~ 

Norway maple is reported to be tolerant of a wide range of 

urban conditions {Dirr, 1983; Hasselkus, 1979; and Wyman, 1977), 

including aerial salt spray, although it is listed as having 

intermediate tolerance to soil salt {Hasselkus and Rideout, 

1979). It was one of the species that Schuman {1984) considered 

best adapted to Wisconsin streets {Table 3}. Despite his 

endorsement, Schuman's condition ratings for Norway maple are 

only average {102 in Milwaukee [Appendix B] and 99 in Waukesha 

[Appendix C]). Moreover, Dirr {1983} calls Norway maple an over

used and over-rated species. The data in this study would verify 

his assessment, at least in terms of survival in the cities 

studied. The information gathered does not provide 

rationalization for the heavy use of this species in the study 

cities. A discussion of the survival performance of each of the 

Norway maple cultivars in the study follows. 

'Cleveland' Norway maple has received a positive evaluation 

in the literature. Dirr {1983) considered it to be one of the 

best Norway maple cultivars for urban plantings. In a study of 

case histories of street trees in five Ohio cities, the OARDC 
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cited 'Cleveland' as superior to Norway maple on many sites 

(Reich, et al., 1971) and later included it in list of 

outstanding taxa (Table 1 [Chapin and Kozel, 1975]). 

Furthermore, it was given a condition rating of 105 in Waukesha 

by Schuman, 1984. The condition rating calculated for study 

'Cleveland' Norway maples in Waukesha was 105, in agreement with 

Schuman (Appendix C). However, its condition rating in non-

redevelopment areas of Milwaukee was 101.1 or nearly average 

(Appendix B). 

There was no evidence in this study to conclude the survival 

performance of 'Cleveland' was significantly superior in either 

Milwaukee or Waukesha. In each case, the survival of 'Cleveland' 

did not differ significantly from over three quarters of the 

other taxa in the study. However, 'Cleveland' can be considered 

a solid performing cultivar in Waukesha and Milwaukee. 

'Columnar' Norway maple was also rated as outstanding by the 

OARDC (Table 1 [Chapin and Kozel, 1975]}. It has a crown spread 

of about 15 feet (4.5 m) at maturity (Hasselkus, 1979) and it is 

often used in areas where lateral space is limited. Schuman 

(1984) provided a condition rating of 102 for 'Columnar' in 

Milwaukee (Appendix B} and 107 in Waukesha (Appendix C}. 

However, the rating for 'Columnar' in the current study were 

lower; 96 in non-redevelopment areas of Milwaukee (Appendix B} 

and 102 in Waukesha (Appendix C). 

'Columnar' only outperformed 'Autumn Purple' white ash in 

Milwaukee non--redevelopment areas and two taxa in Waukesha. 
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'Columnar' did well, but not well enough to rationalize its heavy 

use in the cities studied. 

'Emerald Queen' Norway maple is another Norway maple which 

has a good reputation. Dirr (1983} considered it to be one of 

the best Norway maples for urban planting. The OARDC (Chapin and 

Kozel, 1975) included it among its outstanding taxa (Table 2) and 

it recorded a condition rating of 105 in Waukesha (Schuman, 1984 

[Appendix C]}. The condition rating calculated for study 

'Emerald Queen' Norway maples was 97 in non-redevelopment areas 

of Milwaukee (Appendix B} and 105 in Waukesha (Appendix C}. 

The survival performance of 'Emerald Queen' was average in 

Stevens Point and Milwaukee. There was no significance in 

Stevens Point comparisons, and it did not differ significantly 

from 20 of the Milwaukee non-·redevelopment taxa. However, its 

survival was significantly better than four taxa in Waukesha. 

Indications are that 'Emerald Queen' has average to very good 

survival performance, but caution must be taken to avoid its 

overuse. 

'Schwedler' Norway maple was first cultivated in 1869 and it 

is noted for spring foliage that emerges maroon and changes to 

green by early summer (Appendix A}. It is the parent to the red

leaved Norway maple cultivars 'Crimson King' and 'Deborah' (Dirr, 

1983). It is one of the most commonly planted cultivars in 

Milwaukee (Table 7) and Waukesha (Table 8). Schuman (1984) 

provided a condition rating of 104 in Milwaukee (Appendix B} and 

101 in Waukesha (Appendix C}. In the current study the condition 



rating of 'Schwedler' was 102 in non-redevopment areas of 

Milwaukee (Appendix B), 101 in Stevens Point and 96 in Waukesha 

(Appendix C). 

The survival of 'Schwedler' was mixed. There was no 

difference between the survival of 'Schwedler' and other taxa in 

Stevens Point and it did not differ from 20 of the taxa in non-

redevelopment areas of Milwaukee. However, in Waukesha it out 

performed four taxa {Table 17). The body of evidence suggests 

that 'Schwedler' survival performance is good to excellent. 

'Summershade' was limited to the Milwaukee portion of the 

study. Its condition rating was 100 in the non ·redevelopment 

area of Milwaukee (Appendix B), but it was rated as outstanding 

by the OARDC (Chapin and Kozel, 1975 [Table 2]) and had the best 

survival of any cultivar in Milwaukee. Its survival was 

significantly greater than six other taxa, including four Norway 

maple cultivars {Table 13). The cultivar is heat resistant and 

has leathery leaves (Wyman, 1977), which may have contributed to 

the pert ormance of 'Summershade' relative to some taxa in non·

redevel opment areas of Milwaukee. 

'Superform' is a rapid growing selection with a strong 

central leader (Dirr, 1983). Its survival in Milwaukee and 

Waukesha was quit different. The survival in non redevelopment 

areas of Milwaukee was not significantly lower than any taxon. In 

Waukesha on the other hand, Superform turned in the poorent 

survival of any taxon studied; significantly worse than nine of 

the Waukesha taxa. The condition ratings for 'Superform' were 
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(Appendix B) and a surprising 108 in Waukesha (the highest 

condition rating of any Norway maple cultivar in Waukesha). The 

conflicting data would call for further investigation on the 

performance of this cultivar before any conclusions can be drawn 

regarding its survival. 

_'Autwnn_Purple'_ white _ash 

'Autumn Purple' white ash was limited to the Milwaukee 

portion of the study. It was a selection from a parent tree on 

the University of Wisconsin-Madison campus. 'Autumn Purple' was 

of interest to horticulturists because of its symmetrical form 

and deep purple autumn coloration (Appendix A). The OARDC rated 

'Autumn Purple' as outstanding (Table 1 [Chapin and Kozel, 

1975]). On the negative side, this cultivar has been plagued by 

mortality linked to basal cracks associated with the graft union. 

According to E.R. Hasselkus (1988), these cracks were thought to 

have been caused by graft incompatibility. However, cracks such 

as these are not characteristic of graft incompatibility (Hartman 

and Kester, 1975). Further, this problem does not occur in areas 

with mild winters such as the Pacific northwest where 'Autumn 

Purple' is raised for nursery stock (Hasselkus, 1988). 

There has been recent speculation that 'Autumn Purple' white 

ash is host to ash decline syndrome {Hasselkus, 1988). Ash 

decline syndrome is believed to be caused by a mycoplasmalike 

organism. A pathogen has yet to be isolated and described from 
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infected trees, but circumstantial evidence points away from 

environmental factors {Synclaire, Llyon, and Johnson, 1987}. 

Ash decline occurs in the north central and northeastern 

United states and southeastern Canada. All indigenous species of 

the genus fi::a1r::j__~IJ,~- are susceptible, al though white ash is 

particularly so. Highly susceptible individuals may die within 

one to three years. Affected trees lack normal cold hardiness 

and develop basal frost cracks and shoots. Trees exhibit 

increasingly slower growth and vigor until death. Leaves may be 

stunted and deliquescent shoots may develop on the trunk 

{Synclaire, Llyon, and Johnson, 1987}. 

Several of these factors are consistent with those found in 

affected 'Autumn Purple' white ash. The range of susceptibility 

for 'Autumn Purple' is limited to areas with cold winters such as 

the north central and north eastern United States. Trees in the 

study had been planted four to six years prior to data collection 

and death may be expected within this time frame. Basal cracks 

and shoots develop on affected trees. Unsanitary grafting 

procedures could be a likely avenue of infection. 

In the future, it may be possible to overcome the problems 

encountered with 'Autumn Purple' white ash by utilizing tissue 

culture propagation techniques. Seeds and apical meristerns are 

generally free of disease and can be used to propagate disease 

free plants {Miller, 1977). Unfortunately, tissue culture has 

been ineffective in rooting many woody species {Bhaojwani and 

Razdan, 1983}. Moreover, it has caused genetic instability 
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(Patel and Berlyn, 1982) which would hinder the production of 

cultivars that are true to type. If tissue culture can be 

developed for 'Autumn Purple', this cultivar may have potential 

for street tree use as the condition rating of remaining trees 

was 114 (Appendix B). But for now, 'Autumn Purple' cannot be 

considered adapted to street conditions, at least for Milwaukee. 

g~~~-11 -~sb 

Green ash is an indigenous North American bottom land 

species with an extensive root system. It is tolerant of 

flooding, drought, and soil alkalinity (USDA, 1965), but of 

intermediate tolerance to aerial salt spray (Hasselkus and 

Rideout, 1979). Schuman {1984) found the condition rating of 

green ash to be 101 in Milwaukee (Appendix B) and 104 in Stevens 

Point (Appendix C) and considered this species among the four 

best adapted to urban conditions in Wisconsin (Table 3). The 

body of evidence is that green ash is well adapted to urban 

conditions in Wisconsin. However, green ash predominated in the 

planting programs of the study cities, and moderation is 

recommended. Discussion of the performance of individual green 

ash cultivars follows. 

'Marshall's Seedless' is a staminate green ash cultivar, 

marketed by Marshall Nurseries of Arlington, Nebraska. It meets 

the need for a green ash without the proliferation of samaras 

which cause the maintenance problems common to this species 

(Wyman, 1977). 'Marshall's Seedless' was superior to one taxon 
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in non-redevelopment areas of Milwaukee, five taxa in Waukesha 

and did not have significant survival compared to any taxa in 

Stevens Point. The condition rating for 'Marshall's Seedless' 

provided by Schuman {1984) was 103 in Waukesha and 128 in Stevens 

Point (Schuman, 1984 [Appendix C]). Condition ratings for 

'Marshall's Seedless' in the current study were 105 in non

redevelopment areas of Milwaukee {Appendix B}, 105 in Waukesha 

and 92 in Stevens Point {Appendix C). The trend seems to be that 

'Marshall's Seedless' has good to excellent performance in study 

cities. 

'Summit' green ash is a pistillate cultivar named by Summit 

Nurseries of Stillwater Minnesota (Wyman, 1977). It 

outperformed one taxon in the non-redevelopment area of Milwaukee 

(Table 13), approached superiority compared to 'Skyline' 

honeylocust in Stevens Point and was superior to eight taxa in 

Waukesha. Schuman {1984) rated the condition of 'Summit' as 115 

in Waukesha. 'Summit' had a condition rating of 95 in the non

redevelopment area 105 of Milwaukee (Appendix B), in Stevens 

Point and 102 in Waukesha (Appendix C). Overall, 'Summit' 

turned in the best survival performance of any taxon in the study 

and was especially outstanding in Waukesha. 

lloneylocust 

Honeylocust derives its name from a sweet, gummy substance 

contained in the pods (Dirr, 1984). It is an indigenous North 

American bottomland species adapted to a wide range of conditions 
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including drought, high alkalinity (USDA, 1965), soil salinity 

and aerial salt spray (Hasselkus and Rideout, 1979). It is 

reported to have a well developed taproot along with a profusely 

branched root system and growth that responds to various 

environmental conditions (USDA, 1965). Biswell (1935) found 

honeylocust saplings on upland clay to have root systems twice 

the length and breadth of older trees growing on alluvial soil 

with a high water table. 

The species has two drawbacks for use as an ornamental. 

Strap shaped pods 18 to 20 cm long (up to 43 cm) and 2.5 cm (1 

inch) wide which can cause a litter problem under trees, and 

stiffly branched thorns which proliferate on the trunk and can 

become a hazard to children. The litter problem can be partially 

resolved by using staminate cultivars, although honeylocust is 

polygamo-dioecious and some fruiting can occur on all 

individuals. The thorn problem has been rectified by exploiting 

a thornless natural form (var. inermis) for cultivated selections 

(Dirr, 1983). 

Schuman (1984) calculated the condition rating of 

honeylocust to be 102 in Milwaukee and 106 in Stevens Point 

(Appendix C). Considering it to be one of the species best 

adapted to urban conditions in Wisconsin (Table 3). Dirr (1983) 

contends this species is now overused, although this is not the 

case in the study cities (Figure 3, Figure 5, Figure 7). 

Honeylocust can be considered to have displayed the best overall 

performance of any study species. 
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'Shademaster' honeylocust (plant patent number 1515 [Flint 

1978]) was rated as outstanding by the OARDC (Chapin and Kozel, 

197 5) . 'Shademaster' honeylocust had significantly higher 

survival than only one cultivar, 'Autumn Purple' white ash, in 

the Milwaukee non-redevelopment area. The condition rating was 

100 in the non-redevelopment area of Milwaukee (Appendix B), and 

98 in Waukesha (Appendix C). However, in Waukesha 'Shademaster' 

had superior survival to six taxa and Schuman {1984), provided a 

109 condition rating for 'Shademaster' there {Appendix C). The 

combination of excellent survival performance and the high 

condition rating of Schuman {1984) recommend 'Shademaster' for 

Waukesha and its performance was reliable in Milwaukee. 

'Skyline' honeylocust {plant patent number 1619 [Flint, 

1978]) and was rated at outstanding by the OARDC (Chapin and 

Kozel, 1975). 'Skyline' honeylocust performed nearly identically 

to 'Shademaster' in terms of significance in survival comparisons 

in study cities. It was significantly better than 'Autumn 

Purple' white ash in non-·redevelopment areas of Milwaukee, and to 

42.9% of the cultivars in Waukesha. Moreover, Schuman (1984) 

provided a condition rating of 120 for 'Skyline' in Waukesha 

(Appendix C). However, the condition rating for 'Skyline' in the 

current study was 95 in the non-redevelopment area of Milwaukee 

(Appendix B), 95 in Waukesha and 97 in Stevens Point (Appendix 

C). 'Skyline' showed no significance compared to any taxa in 

Stevens Point. 'Skyline' provided a dependable survival 

performance throughout the study. No taxon was significantly 
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superior to it, and the high survival in Waukesha indicate its 

adaptability th~re. 

'Centurian'_Flowering_crab 

'Centurian' flowering crab is limited to the Stevens Point 

portion of the study. Its condition rating was low at 84 

(Appendix C). It is a selection with an upright habit and pink 

flowers. Most flowering crabs are low growing trees with a 

horizontal habit, but even fastigiate flowering crabs retain 

their upright character only while they are young. In time the 

weight of the fruit bends the elongating branches down causing 

the horizontal character common among flowering crabs (Wyman, 

1977). A low growing tree with a horizontal form planted on a 

narrow tree lawn may cause a nuisance for pedestrians and 

motorists. Many cities have ordinances mandating that trees be 

pruned to a specific height. Stevens Point requires trees to 

have 14 feet of clearance over streets and 10 feet over sidewalks 

(Miller, 1988). Pruning flowering crabs to a clearance of 14 

feet would ruin their character and ornamental value. For this 

reason street plantings of flowering crabs should be limited to 

tree lawns wide enough to accommodate their broad, low growing 

form. 

•~hubert' Cl.lo~~cherry 

'Shubert' chokecherry was limited to the Stevens Point 

portion of the study. Schuman (1984} calculated its condition 



rating as 112, but it recorded only 98 in the current study 

(Appendix C). It is listed as among trees that show promise by 

Schuman (1984). It has a pyramidal habit and foliage that 

emerges green and changes to reddish purple (Dirr, 1983). Field 

observation indicated that the rootstocks of this cultivar sucker 

around the base of the tree. These suckers do not have the 

scion's foliage characteristics and cause a maintenance problem 

in the turf. If the suckering habit of chokecherry can be 

tolerated in tree lawns, the survival of 'Shubert' appears to 

make it suitable for street planting in Stevens Point. 

Calle~_pear 

The two callery pear cultivars studied are examples of what 

can be done with plant selection. The species had three major 

problems: thorns, susceptibility to fireblight and a litter 

problem associated with the fruit (Walheim, 1977). The cultivars 

developed have resolved each of these problems to the point that 

they have received excellent evaluations. Callery pear has white 

flowers in late April, outstanding glossy swnmer foliage and 

mahogany to scarlet autumn coloration (Flint, 1978; Dirr, 1983 

and Walheim, 1977}. 

'Bradford' callery pear is a cultivar selected from 

seedlings grown by the USDA in Glenn Dale Maryland from seed 

collected in China in 1918. It has been named for F.C. Bradford 

who formerly directed the Glen Dale experimental station (Wyman, 

1977). It was given a good evaluation by the OARDC (Chapin and 
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Kozel, 1975). The condition ratings of callery pear were below 

average; 80.7 in Milwaukee non-redevelopment areas (Appendix B), 

and 93.5 in Waukesha (Schuman, 1984 [Appendix C]) which 

contradicts the consensus somewhat. 

Callery pear was not widely planted in Milwaukee (Table 4), 

making it necessary to take nearly a 100% sample. As a 

consequence, the sample for each cultivar was concentrated on one 

or two blocks. The 600 block of West Vine (outside the 

redevelopment area) contained 16 of the 'Bradford' callery pear 

while an additional 12 were sampled form the 2500 and 2600 blocks 

of North 32nd Street (inside the redevelopment zone). The 2500 

and 2600 blocks of North 32nd Street were also the location of 45 

of the 'Redspire' caller pear. The concentration of this species 

in a limited area may have skewed the data due to possible site 

specific conditions. Therefore, any evaluation concerning 

survival performance of this species in Milwaukee would be 

conjecture. 

Similarly the Waukesha 'Bradford' sample was concentrated on 

a small number of streets and in one instance, this concentration 

can be shown to have skewed the survival data. Sixteen of the 43 

'Bradford' callery pears were sampled from the 100 block of Kilps 

Court West, which was on a gravelly knoll. Six of these trees 

died. If the Kilps Court West trees are factored out of the 

Waukesha sample, the survival rate of "Bradford' callery pear 

becomes 77.8%, which is significantly greater than the Kilps 

Court West 'Bradfords (Table 19). Unfortunately, the small 
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sample size of the non-Kilps Court West 'Bradford' callery pears 

prohibited statistical comparison to other taxa in Waukesha. 

'Redspire' callery pear had survival significantly below eight 

taxa studied in Waukesha. The population of this cultivar was 

also concentrated on a few streets (including the 100 block of 

Kilps Court West) which may have skewed the data due to possible 

site specific pressures. 

Dirr (1983) complains that callery pear is now being planted 

in "epidemic" proportions in the midwest and urges restraint. No 

such problem exists in Milwaukee, Stevens Point and Waukesha, to 

the extent that too few callery pear trees were planted to allow 

analysis. Unfortunately, this prevents drawing conclusions 

regarding its survival performance. 

English_oak 

English oak is reviewed with reservations for use in the 

midwest. Flint (1978) writes: 

Hardiness is not clear. There is evidence that trees 
grown in Zone 5 may last from several to many years, but 
then be killed or seriously damaged by extremes that may 
occur once in a generation. 

Wymann (1977) holds a similar view and Dirr (1983} contends 

that there are too many native oaks of better quality to justify 

enthusiasm for this species. However, the OARDC did provide a 

good rating for the cultivar 'Fastigiata' at Wooster Ohio which 

is in Zone 5 (Chapin and Kozel, 1975}. Schuman (1984} calculated 
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Table 19. Chi-spuare statistics comparing the survival of 
'Bradford' callery bear on Kilps Ct. W. to its survival in the 
remainder of Waukesha. 

Observed Expected 
Location Survival Survival N p x2 

- -- ·-- --···-···----··-·-·- -- - ---·--- ---· ---·----- -.-- ·--

Kilpes Ct. w 6 10 16 
vs. 0.02 5.36 

Other streets 21 17 27 
-- -- .. - ... -- ·--· - --- ·---- ----· - ---·----
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the condition rating of English oak to be 87 in Milwaukee 

{Appendix B) and 102 in Waukesha {Appendix C). It is classified 

among tree species that show promise for planting in Wisconsin 

{Schwnan 1984 [Table 3]). The condition rating for English oak 

in the current study was 93 in Waukesha and 102 in the Milwaukee 

non-redevelopment area. 

English oak did not have significantly lower survival than 

any taxa in the non-redevelopment area of Milwaukee. However, in 

Waukesha, it was significantly below five of the taxa studied. 

This disparity, and the difference in the condition rating 

between Milwaukee and Waukesha may be due in part to a slight 

moderation of climate that Milwaukee experiences close to Lake 

Michigan. In general, these results corroborate the critical 

assessment of English oak expressed by Flint {1978), Dirr {1983) 

and Wymann {1977). However, English oak is used sparingly by 

both Milwaukee (Table 7) and Waukesha (Table 8). Continuation of 

this frequency of use is appropriate until more performance 

evidence is available. In Waukesha, records for specific cause 

of removal were often unavailable, however field observation 

indicated some two-lined chestnut borer activity on English oak. 

This may have contributed to the mortality observed and may 

account for future mortality. 

Littleleaf Jinden 

Littleleaf linden is considered to be highly adapted to 

urban conditions (Dirr, 1983; Flint, 1978; Wyman 1977; and 
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Walheim, 1977). It received an outstanding evaluation from the 

OARDC (Chapin and Kozel, 1975). Schuman (1984) determined the 

condition rating of littleleaf linden to be 98 in Milwaukee 

(Appendix B) and 124 in Stevens Point (Appendix C) rating it as 

one of the best adapted species for urban use in Wisconsin (Table 

3). However, littleleaf linden is sensitive to aerial salt spray 

and soil salt (Hasselkus and Rideout, 1979) 

'Greenspire' (plant patent number 2086 [Flint, 1978]) was 

the only littleleaf linden planted in more than one city. It was 

rated outstanding by the OARDC (Chapin and Kozel, 1975) and given 

a 101 condition rating in Waukesha by Schuman (1984 [Appendix 

B]). The condition rating for 'Greenspire' littleleaf linden in 

the current study was 106 in Milwaukee non-redevelopment 

area(Appendix B), 98 in Stevens Point, and 103 in Waukesha 

(Appendix C). Its survival was only significantly different from 

'Autumn Purple' white ash in non·-redevelopment areas of 

Milwaukee. It had no significant difference from any taxon in 

Stevens Point, but in Waukesha its survival was significantly 

lower than seven of the taxa. During the study period, 

'Greenspire' littleleaf linden suffered mortality due to an 

unidentified canker- associated with bare root planting stock. 

Since the early 1980's, Waukesha has planted 'Greenspire' balled 

and burlapped and the survival rate is now believed to be 75% 

(Liska, 1988). Using balled and burlapped stock, littleleaf 

linden can be expected to survive well in study cities. 
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Crimean_ lii;id~n 

Crimean linden is a hybrid between T:i,l_ia c_<>r<laj;.jl and T. 

d~~Y~tyl• (Dirr, 1983) and was limited to the Milwaukee portion 

of the study. Wyman (1977) called it one of the best lindens and 

Dirr (1983), considered it superior to littleleaf linden. 

Schuman (1984) included Crimean linden among trees that show 

promise for street planting in Wisconsin (Table 3). The 

condition rating for Mi 1 waukee non"-redevel opment trees was 101 or 

nearly average (Appendix B). It was superior to two non

redevelopment cultivars in Milwaukee. Over half the sample was 

located in the redevelopment area (Table 11) and these trees were 

heavily vandalized. The evidence in the study is agrees with 

Schuman's assessment of Crimean linden as a promising species 

The_ Effect_ of _Traffic __ on Survival 

In Milwaukee, trees planted along streets with an average 

traffic volume of over 15,000 cars per day had 38.9% survival 

significantly lower than the 63.1% survival of trees planted 

along streets with between 501 and 1000 cars per day (P=0.01), 

the 58.2% survival of trees planted along streets with between 

1001 to 2000 cars per day {P=0.04), and the 61.3% survival of 

trees planted along streets with between 2001 to 6000 cars per 

day (P=0.04 [Table 20]). 

All of the significance between survival of trees in the 

various Milwaukee street tree traffic catagories involved 

plantings along streets that carried over 15,000 cars per day 
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(Figure 11, Table 20). The traffic volume in this category 

ranged form 15,001 to 100,029 cars per day, but too few trees 

were sampled in this category to allow it to be broken down 

further. The evidence suggests that a more detailed study 

involving a greater sample size on high traffic streets should be 

undertaken. 

A.h~--~Jj:_~~J:- gJ __ J~~~!J, Jti.cI,tj1_ Q~ _QJr_'=et_ Tr:~-~-~l!ryiy_~\ 

Lawn widths had been established in feet by city planners. 

Therefore, they were measured and analyzed in feet in this study. 

The analysis broke lawn widths into six catagories: 4 by 4 foot 

(1.2 X 1.2 m) planting squares, 0 to four feet (Oto 1.2 m), 4.1 

to 8 feet (1.2 to 2.4 rn), 8.1 to 12 feet (2.4 to 3.7 m), 12.1 to 

20 feet (3.7 to 6.1 m) and over 20 feet(> 6.1 m}. 

Milwaukee 

In redevelopment areas of Milwaukee, sample trees had been 

limited to the three most narrow lawn width catagories and four 

by four foot planting squares. The only significant differences 

in survival involved trees planted in four by foot planting 

squares which had 71.1% survival, significantly greater than 

thethe Oto 4 foot and 4.1 to 8 foot categories (Table 24). 

There were no significant relationships in survival between lawn 

width catagories outside the redevelopment area. 
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Table 20. Chi-square statistics of significant comparisons of 
Milwaukee street tree survival in different catagories of daily 
traffic volume. 

24 hour 
traffic 
volume 

Observed 
Survival 

Expected 
Survival N p ______ ........................................ ___________ ............................................... -- .............................. ,. .. ___ _ 

501-1000 207 199.2 328 
vs 0,.06 3.55 

6001-10000 39 46.8 77 

501-1000 207 199.2 328 
vs 0.01 7.00 

> 15001 14 21.9 36 

1001-2000 153 146.9 263 
vs 0.04 4.03 

> 15001 14 20.1 36 

2001-6000 46 40.5 75 
vs 0.04 4.07 

> 15001 14 19.5 36 

10001-15000 18 14.0 28 
vs 0.08 3.11 

> 15001 14 18.0 36 
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Table 21. A breakdown of Milwaukee street tree taxa planted along 
streets which carried over 15,000 cars per day. 

Species 

Norway maple 

'Cleveland' NM 

'Colunmar' NM 

'Faassens' NM 

'Schwedler' NM 

'Swmnershade' NM 

'Superform' NM 

'Imperial' HL 

'Bradford' CP 

'Redspire' CP 

English oak 

'Chancellor' LL 

number 
of trees 

1 

4 

9 

3 

1 

3 

3 

3 

1 

3 

2 

1 

number 
survived 

1 

2 

3 

1 

l 

3 

1 

1 

1 

0 

0 

0 

'Green~ire' _. LL_._. ____ 2 ___ ·---···. ··--··1- ····-··-··· 
Total: 36 15 

traffic range 
... .,................................. . .......................................... .. 
•·•··········· .. ·•······ ............................................... . ......................... . 

100,029 

17,200-22,400 

16,300-33,000 

17,000 

19,300 

15,000 

15,700-33,000 

15,700-17,200 

16,300 

17,100 

21,236 

17,200 

··········-·· ......... _17,000 .. 
15,001-100,029 
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Stevens Point 

In Stevens Point three catagories had 83 or more trees: 4.1 

to 8 feet, 8.1 to 12 feet, and over 20 feet. Street tree 

survival in each of these three catagories was 74%. Since 

survival in these catagories was very nearly identical, no 

significant differences could be found between them. Survival 

varied somewhat in the remaining two catagories, having been 

recorded at 64.7% in the zero to four foot category, and 95.0% in 

the 12.1 to 20 foot category. Unfortunately, these catagories 

each had fewer than 20 individuals. This did not provide the 

minimum of five trees in each cell of the contingency table used 

to compare survival, making it impossible to perform analysis. 

Waukesha 

For Waukesha, 88% of the sample was planted on lawn widths 

between 4.1 and 12 feet wide. The range of survival between the 

various lawn width catagories was 73.9% for 8.1 to 12 foot 

category to 82.6% for trees planted on lawn widths over 20 feet 

wide. None of this variation was significant, nor did it 

approach significance. 

General discussion regarding the effect of lawn width 

In Milwaukee, the only significance in street tree survival 

between lawn width catagories involved four by four foot planting 

squares in redevelopment areas. There were 45 trees sampled from 

four by four planting spaces in the redevelopment area and all 
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Table 24. Chi-square statistics for Milwaukee significant 
comparisons and comparisons that approached significance for 
trees sampled from 4X4 foot planting squares with various lawn 
width catagories in redevelopment areas. 

Lawn 
Width 

4X4 ft. 
vs. 

0-4 ft 

4X4 ft. 
vs. 

4.1-8 

4X4 ft. 
vs. 

8.1-12 

squares 

squares 

squares 

feet 

Observed 
Survival 

32 

60 

32 

58 

32 

7 

Expected 
Survival 

24.2 

67.8 

25.5 

64.5 

28.3 

10.7 

N 

45 

126 

45 

114 

45 

17 

p 

0.01 6.44 

0.01 6.44 

0.06 3.54 

Table 25. Chi-square statistics that approached significance for 
comparisons of survival of trees planted on various lawn width 
catagories in non-redevelopment areas of Milwaukee. 

Lawn 
Width 

Observed 
Survival 

Expected 
Survival N p 

.............. ,,, ........................ ,. . ................................... ,,., ............................................................................................................................................................................................. ,, .................... . 
····•··· .. ··•····· ... •''"'''''"•''"'''''''''''' ....... ············•· .............................................................. .,................ . ·····•···"···· 

0-4 ft 
vs. 

> 20 ft 

8.1-12 ft 
vs. 

> 20 ft 

64 

32 

40 

32 

69.4 

26.6 

44.8 

27.2 

112 

43 

71 

43 

0.07 

0.08 

.. ............................................... ., ... 
.......................................... 

3.23 

3.03 

-- ... ----- -- -------- --------- ----------------------- -----·--------------------------------------- . ----·------- ·-------·-----------------------
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but one were callery pear. Of these, 35 were planted on the 2600 

block of North 32nd street along the Master Lock plant. Twenty

eight of these trees survived which accounted for 90% of the 

survival on four by four foot planting squares. The location of 

these trees adjacent to the Master Lock plant may have sheltered 

them from vandalism. This may have had more to do with their 

survival than the type of tree lawn they were planted on. 

Therefore, conclusions regarding street tree survival rates on 

four by four foot planting squares in the redevelopment area of 

Milwaukee impossible. 

Lawn width could not be shown to significantly effect street 

tree survival in Stevens Point, and Waukesha. Future studies 

should make an effort to obtain more equal samples of particular 

taxa from each lawn width category to allow for adequate 

analysis. 
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V. CONCLUSION 

The planting programs of Milwaukee, Waukesha and to a lesser 

extent Stevens Point were characterized by homogeneity. Primary 

emphasis was placed on Norway maple which accounted for over 50% 

of the planting in Milwaukee and 40% in Waukesha. Secondary 

emphasis is placed upon green ash, littleleaf linden and 

honeylocust. Diversity is further reduced by the reliance on a 

limited nwnber of cultivars. In Milwaukee and Waukesha the 

three Norway maple cultivars: 'Emerald Queen', 'Columnar' and 

'Schwedler' combine with a green ash cultivar to account for 

approximately 50% of the total planting. The limited diversity 

causes concern for the stability of the street tree population 

should an infectious taxon specific agent prevail. 

Removal records for Milwaukee and Waukesha provide evidence 

of a four year establishment period for street trees. Stevens 

Point has no removal records, but significance could not be found 

between the survival rates of four year old trees and trees up to 

eleven years old, suggesting the population had stabilized at or 

before a four year period. 

Survival was generally independent of taxa. The most 

heavily planted species; Norway maple and its popular cultivars 

'Emerald Queen', 'Columnar' and 'Schwedler'; did nbt perform well 

enough to justify the emphasis placed on them in the planting 

programs. The general uniformity in planting establishment 

survival between taxa provides an argument for increased 

diversity. 



107 

Miller (1988) recommends stability as a management goal and 

defines over reliance on a few species as a factor associated 

with poor management. Barker (1975) encourages diversity and has 

proposed a five percent species use limit. However, the need for 

diversity must be juxtaposed with the limited number of species 

available, the need for aesthetic and architectural unity and the 

suitability of particular taxa to specific sites. Considering 

these factors, a five percent use limit may be unreasonable. 

The use catagories of Barker (1975) may be expanded to 

accommodate a ten percent species use limit. The species in the 

current study would fall into the following catagories for the 

study cities: 

1. Liberal use· - not to exceed 10%: 
a. Norway maple - had good survival in all three study 

cities. This recommendation is made with 
reservations because of the emphasis placed on this 
species in the planting records. 

b. green ash - had very good to excellent survival in 
all three study cities, especially Waukesha 

c. honeylocust - had moderate to excellent survival in 
all three study cities, especially Waukesha. 

d. littleleaf linden had good survival and reviews by 
Dirr (1983), Flint (1978), Wymann (1977) and Walheim 
(1977) 

e. Crimean linden - had good survival in Milwaukee 
non··redevelopment areas and favorable reviews by 
Dirr (1983), Schuman (1984) and Wymann (1977) 

2. Limited use -- not to exceed 5%: 
a. 'Centurian' flowering crab - had good survival in 

Stevens Point but it should be limited to wide tree 
lawns. 

b. 'Shubert' chokecherry - had good survival in 
Stevens Point but is subject to suckering which 
causes maintenance problems. 

3. Candidate use --· not to exceed 2%: 
a. English oak - moderate to below average survival, 

of questionable hardiness requiring future 
scrutiny. 
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b. callery pear - good reviews by Dirr (1982), Flint 
(1978) and Walheim (1977) but requires future 
scrutiny. 

4. Deferred -- the street tree population is currently 
adequate or the species has undesirable characteristics: 

a. 'Autumn Purple' white ash ·- nearly completely 
failed in Milwaukee, possibly due to ash decline 
syndrome. 

The ten percent use limit has several advantages. Enough 

species are available for its implimentation. The five species 

recommended for liberal use could make up as much as 50% of a 

planting program. The remaining portion could be drawn from 

other use catagories. Moreover, species may be added to the 

liberal use category, and other catagories, as the scope of the 

study is expanded. Ten percent use would protect 90% of the 

population from a catastrophic taxon specific event. 

A ten percent species use limit has several disadvantages as 

well. In some instances, archetectural and aesthetic unity may 

be sacrificed. Moreover, it limits the use of taxa uniquely 

suited to specific sites. This may be a particular problem with 

'Columnar' Norway maple which accounted for 17% of the Milwaukee 

planting records (Table 7) and 14% of the Waukesha records (Table 

8). 

These disadvantages are cause for concern. But management 

must address the potential long term consequences of low 

diversity. Greater flexibility is available under a 10% use 

limit to address unique suitability and archetectural and 
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aesthetic unity than the five percent limit of Barker {1975). 

Yet, a good deal of diversity is established. 

Heavy traffic (over 15,000 cars per day) was shown to have a 

negative impact on street tree survival in Milwaukee. However, 

taxa distribution did not allow adequate examination of the 

effect of traffic on survival in Waukesha and Stevens Point and 

additional study is recommended. 

Examination of the effect of lawn width on survival was 

inconclusive. Four by four foot planting squares had a higher 

survival than narrow lawn widths in redevelopment area of 

Milwaukee, but this may have been due to the effect of vandalism 

rather than lawn with. 

Many factors were not addressed that could potentially 

effect survival differences between taxa. Soil was not analyzed 

at each site for pH, texture, fertility, salinity, and 

contaminants; the level of aerosol pollution at each site was not 

monitored; and the origin of planting stock was not examined. 

Future studies need to address these considerations. Therefore, 

the results of this study should be considered a base upon which 

to proceed in developing objective planting selection guidelines. 
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VII. APPENDICES 

Appendix A. An outline of the characteristics of cultivars of 
Norway Maple, white ash, green ash, honeylocust, English oak, 
chokecherry, callery pear and littleleaf Linden recommended by 
Flint (1978), Hasselkus (1980), Dirr (1983), and Wyman (1977). 

'Alma' D 
a. small globe shape 

'Cleveland' D,F,H,W 
a. valuable street tree 
b. oval in habit 

'Columnar' D,F,H,W 
a. upright branching 
b. width one·-half as wide as height 

'Crimson King' D,F,W 
a. similar to species in form 
b. rich maroon leaf color throughout the growing 

season 
1. Dirr says it is the most vigorous of all red 

leafed forms 

'Dissectum' D 
a. leaves finely cut 

'Drunmondii' D 
a. light green leaves edged with white 

'Emerald Queen' D,H 
a. ascending branching 
b. upright oval outline 
c. rapid growing 
d. dark green leaves 
e. bright yellow fall color 

'Erectum' D,F,H,W 
a. distinct central lead~r 
b. short lateral branches 

'Faassens' D,F,W 
a. dark red leaves 
b. similar to 'crimson King', perhaps a little darker 
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Appendix A. Continued. 

'Globosum' D,F,H,W 
a. dense, low growing, broad spreading 
b. usually grafted high on stock or it would be a 

globe 

'Goldsworth Purple' D 
a. light reddish brown when young becoming deep dull 

purple until autumn 

'Greenlace' D,F 
a. lustrous deeply cut foliage, upright branching 

'Globe Glen' D 
a. similar to species 
b. rapid growing 

'Harliquin' H,F 
a. varigated leaves 
b. slower growing than the species 

'Lanciniatun' D 
a. smaller, narrow and more erect than species more 

twiggy 
b. leaves tapering and wedged shaped, lobed ending in 

a claw like form 

'Lorberg' D 
a. leaves palmately divided to the base, tips 

uplifting 
b. dense and slow growing 

'Royal Red' D,H 
a. brightest of red leaved cultivars 
b. slow growing 
c. resistant to summer heat 

'Schwedler' D,F,H,W 
a. maroon pigmentation early in spring changing to 

green early in summer 
b. according to Flint it is hardier than 'Crimson 

King' 

'Superform' D 
a. rapid growing with a straight trunk 
b. heavy green foliage after 10 years 
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Appendix A. Continued. 

'Autumn Applause' D 
a. outstanding maroon fall color 

'Autumn Purple' D,F,H 
a. seedless 
b. outstanding form 
c. deep purple outer leaves, yellow interior in autumn 

'Champaign County' D 
a. good habit 
b. smaller, darker green foliage than the species 

'Elk Grove' D 
a. lustrous green summer foliage color 
b. purple autumn color 

'Rosehill' D,F 
a. dark foliage in the summer, bronze in the fall 

G.reen ___ ash 

'Honey Shade' D 
a. glossy green leaflets 

'Marshall's Seedless' D,F,H,W 
a. seedless 
b. yellow fall color 

'Summit' D,F,H,W 
a. fine texture 
b. ascending branches 

Hon~yJ_ocu~t 

'Bujotii' D,W 
a. elegant pendulous branches and branchlet 
b. slender leaflets often mottled with white 

'Elegantissima' D,W 
a. dense shrubby habit 
b. may be suitable under low wires 

'Green Glory' D 
a. vigorous grower with a strong central leader 
b. retains foliage longer than species 
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'Imperial' D,F,H 
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a. graceful branching at right angles to the trunk 
b. may be rounded 

'Majestic' D 
a. upright and spreading 

'Maxwell' D 
a. somewhat irregular form 
b. hardy 

'Moraine' D,F,W 
a. broad and graceful 

'Shade Master' D,F 
a. upright, ascending branches 

'Skyline' D,F,H,W 
a. compact, dark green leaves 
b. pyramidal form 
c. well developed central leader 

'Sunburst' D,F,H,W 
a. golden leaves gradually turn to bright green 
b. irregular form 

Hal_us __ baccata 
a. 'David' H 

1. white flowers 
2. red fruit 

b. 'Donald Wyman' H,D 
1. pink buds 
2. white flowers 
3. red fruit 

c. 'Jackii' D,H,W 
1. buds light pink 
2. white flowers 
3. purplish, maroon red flowers 
4. deep green leaves 

Hal.u,s . ::.pp. 
a. 'Adams' D,H,W 

1. carmine bud and flowers 
2. rose red fruit 
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Appendix A. Continued. 

b. 'Bob 
1. 
2. 
3. 
4. 
5. 

White' D,H,W 
cherry colored 
white flowers 
yellow fruit 
dense foliage 
find texture 

buds 

c. 'Centurian• H 
1. magenta flowers 
2. red fruits 
3. upright habit 

d. 'Dorthea' D,H,W 
1. carmine buds 
2. semidouble rose flowers 
3. yellow fruit 

e. 'Gibb's Golden Gage' H 
1. pink buds 
2. white flowers 
3. yellow fruit 

f. 'Indian Summer' H 
1. red flowers 
2. red fruit 

g. 'Ormiston Roy' D,H 
1. rose red buds, fading to pink 
2. white flowers 
3. orange yellow fruit wjth reddish blush 

h. 'Potter' D,H 
1. pink buds 
2. red fruit 
3. shrubby spreading growth habit 

i. 'Profusion' F,H 
1. deep red buds 
2. flowers open purple red fading to purple pink 

j. 

3. oxblood red fruit 

'Red 
1. 
2. 
3 . 
4. 

Jade' D,W 
pink buds 
white flowers 
glossy red fruit 
graceful pendulus 

k. 'Red Jewel' 
1. white flowers 
2. cherry red fruit 

nature 
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Appendix A. Continued. 

1. 'Robinson' H 
1. red flowers 
2. red fruit 

m. 'Sargentii' D,H,W 
1. red flowers 
2. dark red fruit 
3. shrubby spreading habit 

'Canada Red' H 
a. superior selection out of 'Shubert' 

'Shubert' H,D,W 
a. leaves emerge green but turn purple in early June 

Cal_l ery_pear 

'Aristocrat' D 
a. glossy dark green leaves 

'Bradford' D,F,W 
a. conical shaped 
b. highly recommended 

English __ oak 

'Asplenifolia' D,W 
a. deeply cut leaves 
b. fern-like texture 

'Atropurpurea' D,W 
a. leaves supposedly dark purple 

'Concordea' D,W 
a. bright yellow leaves when they first appear in 

spring 
b. subject to leaf scorch 

'Fastegiata' D,F,W 
a. columnar habitc 



Appendix A. Continued. 

Litt 1 el eaf __ _l_inden 

'Chancellor' D 
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a. fastigiate in youth becoming pyramidal 
b. fast growing 
c. good crotch development 

'Greenspire' D,F,H,W 
a. maintains a single leader 
b. pyramidal branching habit 
c. well spaced side branches 
d. wide crotch angles 

'Handsworth' D,F,W 
a. yellow-green foliage 

'June Bride' D,H 
a. abundant flowers 
b. slow growing 
c. fine texture 
d. branches are widely spaced around the central 

leader 

'Pyramidalis' D,W 
a. wide pyramidal habit 

'Rancho' 
a. 
b. 
c. 

D 
upright oval clone 
small glossy green leaves 
good crotch development 

'Swedish Upright' 
a. slow growing 
b. narrow 
c. pyramidal 



lppencli.1 B. Condition class and condition rating for Nilaukee redevelopment and non-redevelopment areas in 
addition to presented species and cultivars from an inventory taken in Milwaukee districts 1 and 2 during 1979 
and 1980 (Sch181aD, 1984). 

1980 to 1982 s111Ple Schuman {1984} 
redevelopment non-redevelollllellt districts 1 and 2 

condition condition condition condition condition condition 
class rating class rating class rating 

Iforway mple 80.5 108.3 79.8 100.1 75.8 101.9 
'Cleveland' 76.9 103.4 80.6 101.1 
'Columar' 85.0 114.3 76.4 95.8 75.6 101. 7 
'Elllerald Queen' 63.8 85.7 77.0 96.6 
'Paassen's' 78.3 105.4 80.4 100.9 73.7 99.1 
'Schwedler' 78.8 105.9 80.1 101.5 77.0 103.6 
1SU1111ershade' 72.5 97.5 80.1 100.5 
'Superfoni' 71.5 96.2 81.1 101.8 
'Royal Red' 85.8 106.6 

white ash 67.6 90.9 
'Autum Purple' 91.3 114.5 

green ash 74.7 100.5 
'Marshall's Seedless' 83.6 112.4 84.0 105.3 
'Suaait' 72.7 97.8 76.1 95.1 

honeylocust 75.3 101.8 
'Imperial' 78.3 105.3 76.8 96.2 
'Shademaster' 79.0 106.3 79.5 99.8 
'Skyline' 73.6 99.0 75.4 94.6 

call ery pear 60.0 80.7 
'Bradford' 63.1 84.9 76.9 96.4 
'Redspire' 65.7 60.0 75.2 

Inglish oat 73.3 98.6 81.5 102.3 70.7 86.6 

littleleaf linden 73.0 98.2 
'Chancellor' 80.0 107.6 77.4 97.1 
'Greenspire' 80.4 108.1 83.9 105.2 

Crimean linden 82.1 110.5 80.6 101.1 
mean 74.3 100.0 79.7 100.0 74.3 100.0 



~ppeodi1 C. Condition class and condition rating for Stevens Point, .Waukesha along with presented species and cultivars from an inventory taken in 
1980 (Schuman, 1984). 

Stevens Point Waukesha 

Schuman (1984) 1980-1982 sample · · 
-··-·-··· ----- --······ 

1975-1982 sample Schuman (1984) 
. . -- ·-------·---··•-··· .. ·-••"·---···-··--··---•··-·------··-------------------------- ........ 

Norway ~,apl e 71.3 111.2 65.2 99.2 
'Cleveland' 86.3 104. 4 68.8 104.7 
'Columnar' 83.9 101.7 70.1 106.7 
'Emerald Queen ' 80.6 100.6 80.0 99.2 69.2 105.3 
'Jade Glen' 86.3 104.4 73.0 lll.l 
'Schwedler' 81.3 101.4 7 9. 3 95.9 66.6 JOU 
'Superform' 89.1 107.7 

green ash 66.4 103.6 
'Harshall 's Seedless' 74.4 92. 9 82.2 103.6 87.0 105. 2 67.4 102.6 
'Sumit' 83.7 104.5 85.l 102.8 75.8 115.4 

honeylocust 68.2 106.4 
'Shademaster' 81.2 98.2 71.8 109.3 
'Skyline' 77.3 96.5 78.4 94.8 78.7 119.8 

!lowering crab 
'Centurian' 67.5 84.3 

chokecherry 
'Shubert' 78. 7 98.3 71.9 112. 2 

callery pear 61.4 93.5 
'Bradford' 78.7 95.2 
'Redspire' 77.8 94.l 

English oak 77.2 93.3 67.3 102.4 

littleleaf linden 80.0 124.8 
'Greenspire' 78., 7 .. 98.) 85.2 _103_,_Q__ 66, 7 _ 1oq 

mean 80.l 100.0 64.1 100.0 82.7 100.0 65.7 100.0 
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Appendix D. Guide for judging the condition of a shade tree 
(Counsil of Tree and Landscape appraisers, 1988) . 

.............. , ................................................................................................................................................................................................................................................ , ......... , ............................... , ........................................... , ............................... , ........ . 

A. Trunk Condition 
1. Sound and solid - 5 pts. 
2. Sections of bark missing - 3 pts. 
3. Extensive decay and hollow - 1 pt. 

B. Growth Rate (consider species) 
1. More than 6 in. twig elongation - 3 pts. 
2. 2-6 in. twig elongation - 2 pts. 
3. Less than 2 in. twig elongation - 1 pt. 

C. Structure 
1. Sound - 5 pts. 
2. One Major/several minor limbs dead, broken, 

missing -3 pts. 
3. Two or more major llimbs broken, dead, missinng - 1 pt. 

D. Insect and Disease 
1. No pests present - 3 pts. 
2. One pest present - 2 pts. 
3. Two or more pests present - 1 pt. 

E. Crown Development 
1. Ful 1 and balanced ·-· 5 pts. 
2. Full but not balanced - 3 pts. 
3. Unbalanced and lacking a full crown - 1 pt. 

F. Life 
1. 
2. 
3. 

Expectancy 
Over 30 years - 5 pts. 
15-20 years - 3 pts. 
Less than 5 yers - 1 pt. 

Condition Class: Percent 

Excellent 
Good 
Fair 
Poor 
Very Poor 

80--100 
60-80 
40-60 
20··-40 

0·-20 

Rating 

26-23 
22-·19 
18-14 
13·-10 

9-6 

pts. 
pts. 
pts. 
pts. 
pts. 
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