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sity and abundance of wildlife (birds, 
bats, and other animals) and other 
living organisms, such as insects, 
particularly pollinators, have also 
been diminished to varying degrees 
by the loss, degradation, or fragmen-
tation of habitat and food sources, 
use of pesticides, vehicles, etc. 

People and their influences domi-
nate the urban forest, which consists 
of the engineered (built) environ-
ment: transportation corridors, roads, 

N THE LAST ISSUE OF THE 
Western Arborist, I introduced 
the subject of forest ecology 

because it’s useful for arborists to 
understand how trees naturally colo-
nize a site and how the structure and 
species composition of the trees that 
develop there over time, can vary 
and change, depending on exposure 
to sunlight, competition within and 
among species, soil characteristics, 
topography, climate, wildfire, major 
weather events, and biotic agents. 
Urban trees, as I pointed out, have 
evolved in natural forest communi-
ties around the globe. Forest com-
munities are defined as complex sys-
tems of highly adapted, inter-acting, 

Forests ecology: Part II 
The urban environment
Bruce W. Hagen

I and largely inter-dependent trees, 
plants, animals, insects, and micro-
organisms. Furthermore, I reviewed 
how environmental factors and 
ecological processes influence the 
growth, development, destruction, 
and regeneration of forests. Funda-
mental to the following discussion is 
the fact that adaptability or tolerance 
to environmental conditions largely 
determines a specie’s distribution. It 
follows then, that some tree species 
are better suited to certain site condi-
tions than others. (Fig. 1)

The urban ecosystem
An urban ecosystem is simply the 
community of plants, animals, and 
humans that inhabit the urban en-
vironment. What happens in cit-
ies, though, affects the ecosystems 
around them—suburban and rural 
communities, agricultural areas, 
forestlands, rivers, lakes, etc. Urban 
forests play an important role in im-
proving environmental conditions 

within cities. They moderate local 
climate, block or slow wind, reduce 
stormwater flows, absorb air pollut-
ants, remove particulates in the air, 
provide shade critical for amelio-
rating the urban ‘heat island’ effects, 
and provide wildlife habitat. (Fig. 
2) Plant communities in urban eco-
systems are characterized by mostly 
non-native trees, shrubs, and other 
vegetation, including  grasses, some 
of which can be invasive. The diver-

Figure 2. The trees planted along 
this pedestrian way in Munich, 
Germany provide shade and cool 
the ambient temperatures around 
them. They typically do well when 
soil conditions are reasonably good. 
Photo: B. Hagen

Urban forests play an important 
role in improving environmental 
conditions within cities.

Figure 1. Coast redwood, is naturally 
distributed along the northern and 
central California coastal mountain 
range where the weather is cool, 
moist and fog is prevalent. When 
planted in inland communities, it 
generally does not do well unless irri-
gated or the soils are deep and moist.  
Photo: Michael Schweppe
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sidewalks, utilities—both above and 
below ground, buildings, homes, 
paved areas, parking lots, storm-wa-
ter facilities, and the associated trees 
and landscaping (Fig. 3). Remnants 
of the original natural forest ecosys-
tem, and areas on either side of water-
courses are often maintained in their 
natural state, and integrated into the 
urban environment. Such areas are 
used as parks, greenbelts, buffers, 
open-space, trails, wildlife corridors, 
and for future development. (Figs. 4, 
5). The urban forest, a continuum of 
trees from urban centers to the sur-
rounding suburban and rural areas, 
gradually blends into the forestlands 
beyond (Fig. 6). Tree canopy-cover 
increases from urban centers out-
ward. At the city center, people are 
abundant and trees are relatively 
scarce. As you move outward into the 
suburbs, there are fewer people and 
more trees. Though some rural areas 
have been largely cleared for timber 
or firewood, agriculture, or grazing, 
many still appear much as they did 
more than 100 years ago. Forestlands 
are those dominated by indigenous 
trees and other vegetation, and where 
the natural ecosystem is largely in-
tact, despite past logging or clearing, 
fire-wood cutting, mining, intense 
fires, insect outbreaks, fire-suppres-
sion activities, etc. 

By comparison, with suburban, 
rural, and the forested areas be-
yond, environmental conditions in 
most urban centers are typically hot-
ter and dryer in the summer. Dark 
surfaces such as rooftops and pave-
ment, particularly unshaded asphalt, 
absorb and re-radiate heat from the 
sun, greatly increasing summer tem-
peratures. Summer temperatures 
are likely to become even hotter in 
the future, as global average tem-
peratures increase. Nineteen of the 

20 hottest years have occurred since 
2001. The year 2019 ranks as the 
hottest on record. (Source: NASA/
GISS). Another significant issue is 
that soil moisture availability is usu-
ally restricted by unfavorable soil 
conditions, and because much of the 
surface area is impervious. Much of 
runoff from rooftops and paved sur-
faces is quickly diverted into storm 
drains, rather than soaking into the 
soil. Humidity is also lower due to 
increased runoff, less vegetation, 

Figure 3. Image of Los Angeles taken from the Getty center, illustrates the transition 
from urban centers to the suburbs and open space beyond. Photo: B. Hagen

Figure 5. Cities like Budapest, Hungary, are built along rivers 
and areas along the banks are often maintained in a semi-
natural state. Photo: B. Hagen

Figure 4. An overhead view of Marin County (Northern 
California) showing suburban areas interspersed with forest 
remnants. Photo: B. Hagen
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and less exposed soil. And to make 
matters worse, much of the soil’s 
natural porosity has been reduced by 
soil compaction. Furthermore, urban 
trees are often subjected to stronger 
wind because they typically lack the 
protection afforded by neighboring 
trees. Wind in urban centers can be 
more or less pronounced, because 
buildings can block, deflect or fun-
nel it along streets lined with build-
ings —‘urban canyons’. (Fig. 7) The 
latter would increase transpiration 
rates of affected trees and expose 
them to greater wind-loading. Air 
flow speeds up when channeled 
over a ridge or through a canyon. 
Light levels can also be unfavorable 
due to reflected light from buildings, 
glass surfaces, parked vehicles, etc. 
By comparison, trees planted on the 
north sides of building may receive 
little or no direct sunlight. 

Air pollution
Increased levels of air pollutants is 
another limiting factor that can dam-
age tissue and impair life processes. 
(Fig. 8). Poor air quality is a major 
problem in many urban centers and 
large areas as well as the rural and 
forested areas beyond. Not only 
does it adversely affect the health of 

trees, but also that of the people liv-
ing there. Air pollution, the result of 
car, truck, train, and plane exhaust, 
factory emissions, burning of fossil 
fuels by power plants, forest fires, 
volcanic activity, and other sources, 
directly contributes to respiratory 
diseases in humans and other dis-
orders. It damages buildings, and 
injures plants directly, and indirectly 
impairs their resistance to second-
ary pests and pathogens. Chemicals 

like nitrogen oxides, sulfur oxides, 
carbon monoxide, ozone, methane, 
and particulates (soot, dust, smoke, 
mold, pollen, etc.) are the main con-
stituents in air pollution. The re-
cent decline in air quality may be 
related to the recent spate of wild-
fires, a warming climate, population 
growth, and increased consump-
tion. (Fig. 9).

Health and tree longevity
The lifespan of trees in urban centers 
is significantly shorter than in rural or 
forested areas because conditions are 
typically much less favorable, they 
are more subject to greater physical 
injury resulting from vehicles, side-
walk repair, tree grates, vandalism, 
drought (sunburn injury), and/or 
sub-standard pruning practices. 
(Figs. 10, 11, 12) Trees are often 
removed or pruned severely when 
they block signage, interfere with 
overhead utilities, drop a branch, 
become too large for their surround-
ings, or create a nuisance. Another 
major issue is the frequent introduc-
tion of invasive and often devastat-
ing new pests and diseases. Until re-
cent years, wildfires were not a major 
threat to trees in urban forests, but in 
the last few years they have caused 
significant damage to community 
trees in the west. (Fig. 13)

Figure 6. (Left) An aerial view of the urban-rural intermix of Sonoma County.  
You can see undeveloped woodlands near residential area, recreational areas, 
sports fields, commercial areas, etc.  Photo: B. Hagen

Figure 7. (Right) Cities like Seattle are significantly warmer that the surround-
ing suburbs, because of the increased hardscaping, asphalt, and buildings that 
absorb heat from the sun or reflect light. This demonstrates what is meant by 
the catch-phrase: urban canyons Photo: B. Hagen

Figure 8. (Left) A view from the San Bernardino Mountains looking down into a 
smog layer of the greater Los Angeles basin. Photo: B. Hagen

Figure 9. (Right ) Wildfires generate prodigious amounts of smoke (air pollutants 
and fine particulates). Furthermore, they increase levels of greenhouse gases, 
and create serious health issues for residents throughout affected regions.  
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Figure 10. (Left) Root pruning to replace damaged pavement occurs in cities throughout the country. It can destabilize trees, 
diminish their health, result in wood decay, and shorten useful lifespan. Photo: B. Hagen

Figure 11. (Center) Urban trees are also subject to damage from cars, vandalism, sunburn injury, etc. Photo: B. Hagen

Figure 12. (Right) Substandard pruning practices are another leading cause of injury that can shorten longevity of urban 
trees. Photo: B. Hagen

Stand density 
Trees in urban centers are commonly 
planted individually, in rows, along 
streets, and occasionally small group-
ings, windbreaks, and in parks. With 
the exception of some parks, subur-
ban communities, and open space ar-
eas, most urban trees are widely sep-
arated. Density (tree numbers) and 
canopy cover is obviously much less 
than in surrounding suburbs, wood-
lands, and forests. Densely populated 
urban centers have limited space for 
trees and canopy cover. Suburban ar-
eas, though, have more opportunity 
for tree planting, and canopy cover 
is significantly greater there. (Fig. 
14). Urban trees, unlike those in for-
est stands, are mostly open-growing, 
and lack significant root competition 
from other trees. In general, they re-
ceive light from above, and to some 
extent, the sides. So it’s reasonable 
to assume that growth and survival 
should be better than in natural for-
ests, however this is typically not the 
case. What you have to consider is that 
ambient air temperature is typically, 
higher because of radiated heat and 
increased reflected light, and because 
there are fewer trees to provide shade 
and cooling by way of transpiration. 
Higher temperature, increased wind 
speed, and low humidity function 
to increase water demand in urban 

trees. Unless tree roots can develop 
extensively throughout the surround-
ing soil, they may not have access to 
enough water and minerals to main-
tain natural life processes, like pho-
tosynthesis, assimilation, (growth) 
respiration, (energy release) energy 
storage, reproduction, and defense. 
Soil conditions in many urban plant-
ing sites are unfavorable for root 
development, and as a result, many 
don’t survive for more than a decade 

or two. Many die within a few years 
of planting when conditions are ad-
verse. Causes include neglect, lack of 
watering during establishment, poor 
soil aeration, vandalism, high soil 
pH, etc., but in most cases, adverse 
soil conditions are involved.

 
Rooting space 
Trees in urban developments are 
planted after  the building is done and 
the hardscaping is installed.  They’re 
generally planted around buildings, 
along medians, within a relatively 
narrow  planting strip (typically 4 ft. 
x 4 ft.) ‘cut-outs’ in sidewalks along 
roads, or cut-outs in other paved 
areas, such as parking lots, plazas, 
etc. (Fig. 15) In most cases, the soils 
under and around urban trees has 
been significantly modified during 
grading and soil stabilization. The 
area of exposed surface soil is gener-
ally quite small, and the volume of 
soil with suitable physical, chemical, 
and biological properties, is in most 
cases far less than ideal. From a tree’s 
perspective, the most critical consid-
eration is that the soil be able to store 
and supply enough water to keep it 
alive, and hopefully growing. Fac-
tors such as temperature, wind, hu-
midity, light, leaf surface area, and 
species characteristics, determine 
how much water is needed. 

Figure 13. The spread of wildfires to 
urban areas has become an emerging 
issue for trees in a number of areas 
throughout the state and elsewhere. 
Photo: B. Hagen
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Exposure
Increased exposure to wind and sun-
light alters growth form. Urban trees 
tend to be more broad-headed, as 
their lower, lateral branches persist 
and grow horizontally. Such trees 
tend to be shorter and have distinc-
tively tapered trunks in response to 
increased wind-loading. (Fig. 16) 
Forest trees typically lack lower 
branches because they are shed due 
to low light levels. Their branching is 
predominantly upright in response 
to light from above, and trunk taper 
is poorly developed due to low wind 
speeds within forested stands. (Fig. 
17) With respect to sunlight, most 
trees require full sun, although some 
will tolerate partial shade, while only 
a handful tolerate full shade. Full-
sun plants require more than 6 hours 
of direct sunlight a day. Partial shade 
plants tolerate direct sunlight for less 
than 6 hours but more than about 3 
hours per day, or filtered light for 
most of the day. Full-shade plants 
tolerate little or no direct sunlight, or 
less than 6 hours of filtered sunlight 
a day.

Impervious surfaces
Urban trees are characteristically 

surrounded by pavement, which ef-
fectively increases the ambient air 
temperature around them. Pave-
ment also transfers some of the heat 
gained by exposure to sunlight to the 
soil below, creating unfavorable con-
ditions for roots and associated soil 
microorganisms. Another problem 

is that pavement diverts rainwater, 
reducing ground-water recharge. In 
the inner city, trees grow in elevated 
containers, in designated planting-
pits, strips between the sidewalk 
and curb, or holes cut through con-
crete into the compacted soil below, 
when planners have neglected to al-

Figure 16. Trees like this monkey pod tree, Samanea saman, one of the Hitachi 
trees in Moanalua Park Honolulu, Hawaii, has developed an amazingly broad crown, 
because it receives ample sunlight from most directions. It would be taller if there 
were competing trees nearby. Photo: B Hagen

Figure 14. (Left) In some areas like Sacramento, canopy cover in the suburbs can be quite significant. Photo: Sacramento 
Tree Foundation

Figure 15. (Right) This young zelkova is showing signs of severe stress because the soil around the planting pit is inhibiting 
its root development. Photo: B. Hagen
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lot space. It’s no wonder that trees in 
urban centers often fail to thrive or 
reach their full potential. (Fig. 18)

Urban development
During development, land is cleared 
of trees and vegetation, along with 
the natural leaf litter and the under-
lying topsoil is removed. Topogra-

Figure 17. Tree densities in temperate 
forests are typically high and growth is 
largely upright. Trees, in general are 
tall, have few lower lateral branches, 
and stem-taper is minimal. Photo: B. 
Hagen

phy and natural drainage patterns 
are changed and soils are commonly 
altered by mixing, layering, or addi-
tion of fill, followed by compaction. 
(Fig. 19) After the land is graded 
and the soils stabilized, the infra-
structure: roads, sidewalks, utilities, 
buildings, transport systems, etc., 
are installed. Landscaping, the final 
stage, is typically given little consid-
eration until after everything is built 
or installed. By that time, it is too 
late to do much about mitigating soil 
conditions in and around the plant-
ing pits or planting areas. 

Soil conditions in areas reserved 
for landscaping  are seldom favor-
able for trees following construc-
tion. Hence, they often grow poorly 
or decline prematurely, unless the 
soil is replaced or ameliorated. By 
and large, temperate zone trees have 
evolved in forest soils that are cool, 
moist, fertile, biologically active, 
and well-structured, all of which fa-
vor healthy root development and 
growth. The fact that forest soils 
are naturally “mulched” with shed 
leaves, dead branches, and other 
woody debris is lost on most people. 
(Fig. 20) Organic matter in the soil 
improves nutrient levels and natural 
porosity (structure), which increases 
soil aeration, water- and nutrient-
holding capacity, and biological ac-

tivity, including mycorrhizal fungi 
that enhance water and mineral up-
take, and that compete with or para-
sitize pathogenic soil fungi. Root dis-
eases are more likely to develop in 
soils low in organic matter. 

Although competing vegetation 
may be present in forests, grasses 
are typically rare. Turf grasses, com-
monly planted around trees in parks, 
recreational areas, residential lots, 
planting strips, etc., are quite com-
petitive, readily depleting water and 
minerals from the soil. This restricts 
the root development, growth and 
health of the associated trees. Certain 
tree species, though are relatively 
tolerant of these conditions.

Urban soils
Tree growth and survival is depen-
dent on soil characteristics and vol-
ume of soil available for exploitation 
to obtain an adequate supply of wa-
ter, minerals, and oxygen. The soils 
must also support the normal soil 
organisms, particularly mycorrhi-
zal fungi. Urban soils and the natu-
ral processes that sustain them are 
greatly impacted by development 
and human activities. The physical, 
chemical, and biological properties 
are generally less favorable as a root-
ing medium than soils found on the 
natural landscapes. Soil structure 

Figure 18. (Left) Street trees like these sycamores are often surrounded by broad expanses of impervious pavement. You 
have to wonder where the soil moisture comes from. Photos: B Hagen

Figure 19. (Right) This image depicts some of the soil engineering required on this site to build a residential housing project.
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most notably is affected. Construc-
tion-related activities and manage-
ment practices can create adverse soil 
conditions for tree roots. (Fig. 21)

Once the topsoil is removed from 
a building site, the soil below is highly 
compacted. This serves to reduce the 
soil’s natural porosity by eliminat-
ing much of the air space contained 
within it. The soil under structures, 
sidewalks, roads and other paved ar-
eas is intentionally compacted to pre-

vent settling, and resulting pavement 
or foundation failure. Soil within the 
root zones of existing trees during 
development is often compacted by 
the operation of heavy equipment, 
and later by unrestricted foot traffic 
or vehicle parking. (Fig. 22)

Soil compaction
Compaction is the removal of air 
voids from soil to increase its  den-
sity by squeezing the particles closer 
together. (Fig. 23) This increases soil 
strength, but leaves the soil in treated 
areas, e.g., under and around build-
ings, under paved surfaces, within 
planting strips or ‘cut-outs’ along 
roads, hard, impenetrable, and large-
ly inhospitable for root growth. In the 
past, standards for soil compaction 
were less than they are today. Soils 
now are compacted to 95 percent of 
the maximum achievable density. 
For that reason, there are few large 
pores remaining. Most, depending 
on soil type, are extremely small. The 
net effect is that the soil’s natural po-
rosity, which allows for water infil-
tration, permeability, water-holding 
capacity, gaseous exchange, and root 
penetration, is greatly reduced. Tree 
roots can, though, penetrate com-
pacted soil when it is moist, other-
wise it’s hard going. 

Because the volume of soil favor-

able for root growth is often quite 
limited, root growth is generally 
restricted to the grossly inadequate 
volume of backfill soil immediately 
around the root-balls of trees plant-
ed in cutouts and planted strips. 
(Fig. 24) Roots, though, often find 
favorable conditions in the sand/
gravel layer under the pavement, 
the soil/pavement interface, or the 
coarse backfill in utility trenches 
under the pavement. (Fig. 25) Ac-
cordingly, for such trees to thrive, 
they must ‘break out’ of their re-
strictive planting spaces and exploit 
a greater volume of soil, capable of 
providing adequate water, nutri-
ents, and gaseous exchange. Those 
trees that are unable to do so gradu-
ally decline. Appreciable pavement 
damage usually results when trees 
are successful. 

Cuts and fill
Cuts made to lower the grade may 
expose deep, poorly developed sub-
soils layers below, typically contain-
ing little organic matter, consisting of 
heavy clay soil, or even rocky layers. 
(Fig. 26) Other problems during de-
velopment include the use of import-
ed fill with physical and chemical 
properties different than those of the 
building site. (Fig. 27). Load-bearing 
fill has to be compacted to prevent 

Figure 21. (Left) The root zones of existing trees in development are seldom given adequate protection. The soils in the 
background were later leveled for a raised building envelope. Photos: B. Hagen

Figure 22. (Right) Is it any wonder why retained trees in development sites often begin to decline within a few years? 

Figure 20. Litterfall or duff that collects 
naturally on the soil surface under and 
around trees consists primarily of dead 
organic material.  It is a critical factor 
in soil ecosystem dynamics, such as 
nutrient cycling, soil fertility, biological 
activity, and improved soil structure.  
Photo: B. Hagen
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scattered about and often mixed into 
the soil or buried during grading. 
The presence of man-made materials 
affect properties of the soil, and may 
adversely affect plant establishment 
and shorten lifespan. (Fig. 28)

Soil salinity
Soil salinity can be a problem for 
trees and other vegetation in urban 
areas because it reduces water up-

subsidence, and to prevent soil move-
ment on slopes. This involves com-
pacting relatively thin layers (lifts) of 
the fill material, often imported from 
different sites, creating distinct lay-
ers of dissimilar soil types. One layer 
might be favorable for root growth 
while another may not be. Depend-
ing on depth and degree of com-
paction, fills, can restrict drainage, 
introduce toxic chemicals, increase 
salinity, lead to nutrient imbalances, 
or prevent water penetration. Most 
urban soils have a higher pH (from 
near neutral to alkaline) than sur-
rounding rural areas largely due to 
limestone-containing products used 
in concrete and building materials, 
as well as road-base aggregate. These 

conditions commonly occur in most 
urban planting sites, and adversely 
affect tree growth, vigor, appearance, 
or cause dieback and death. 

Contamination
During past development and urban 
renewal projects, structures were 
torn down and the rubble, contain-
ing wood, masonry bricks, concrete, 
metal, glass, plaster, asphalt, etc., was 

Soil particles
Water
Air

Non-compacted          Compacted

Figure 23. Soil compaction squeezes 
the soil particles together, reducing 
the size of the voids that hold air and 
water.

Figure 24. (Left) For the most part, this new tree will have to largely rely on the 
soil used for backfill, as its roots will not be able easily penetrate the surround-
ing soil. The placement of the PVC tubes for whatever reason only diminishes the 
volume of soil favorable for root development. Unless the roots can find a way out, 
the tree will not thrive. Photo: B. Hagen

Figure 25. (Right) Tree roots often find a favorable growing environment in thin 
layer of sand or aggregate under the pavement. The soil under the aggregate is 
much less favorable for root growth.  Photo: B. Hagen

Figure 26. (Left) Soil cuts and excavation to level an area often expose the subsoil that can present serious physical, chemical 
and biological conditions for tree planting. Photo: B. Hagen

Figure 27. (Right) An example of mixing and layering of soil that frequently occurs on development sites. Photo: B. Hagen
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take. Salts commonly accumulate in 
urban soils because  rain water is col-
lected and quickly diverted, prevent-
ing them from leaching away from 
the root zone. The accumulation of 
ions responsible for salinity (Na+, K+, 
Ca2+, Mg2+ and Cl− ) can greatly in-
crease soil pH. Irrigation can increase 
salinity, particularly when only the 
upper 6 to 12 inches of the soil is wet-
ted during each watering cycle. This 
allows the salts to accumulate rather 
than leach away. The use of munici-
pal or reclaimed water, which can 
have moderate to high levels of salts, 
can damage sensitive plants. In some 
areas road salts can lead to the build-
up of salts in soils along roadways. 
Trenching, grading, and cutting 
into slopes may expose saline sub-
soil. Clay soils are often treated with 
lime, burnt lime, or hydrated lime to 
stabilize the soil for construction. As 
a result, soil pH can become quite al-
kaline, to the point of causing severe 
nutrient deficiencies. (Fig. 29)

The urban forest ecosystem
The support system that has evolved 
in forests over the last 300 million 
years is often limited in soils altered 
for urban development. Leaves and 
other tree debris are regularly re-
moved in urban settings, disrupting 

the natural deposition of organic mat-
ter and nutrient cycling – important 
to maintain adequate fertile soils, and 
build soil structure. Moreover, the 
activity of soil microorganisms that 
release essential minerals bound in 
organic matter, fix atmospheric nitro-
gen, or convert it to available forms, 
is often greatly restricted. A number 
of essential mineral elements, partic-
ularly iron, become increasingly less 
available as pH increased above 7. 
This can be a problem for urban soil 

because they tend to be more alkaline 
than forest soils. Soil contamination 
from salts, heavy metals, oil, pesti-
cides, etc., is also common.

Drought stress
Drought stress, by and large, is the 
primary reason most urban trees 
die prematurely or do not perform 
as well as expected. Droughty con-
ditions are usually associated with 
hot, dry weather, arid climates, and 
where soil moisture is inherently 
restricted by impervious surfaces, 
or by soil compaction. (Fig. 30) Soil 
salinity can complicate matters by 
making water uptake more difficult. 
Lack of adequate root development 
is another leading factor resulting in 
drought stress. Trees initially respond 
to drought stress by closing their sto-
mates to reduce transpiration. While 
this conserves soil moisture, carbon 
dioxide can’t enter the leaves, so pho-
tosynthesis ceases. Leaves affected 
by drought typically wilt during the 
day, but often recover at night. If the 
drought persists and soil moisture is 
depleted, wilted leaves may die, or 
are shed prematurely, and growth 
slows or ceases altogether. Severe 
drought leads to tissue dehydration, 
root injury, branch dieback, or ulti-
mately tree death. Thin-bark species 

Figure 29. (Left) The soil on this building site and the areas beyond where landscaping was to be installed was stabilized using 
lime to ensure that the soil would compact to the required standard Photo: B. Hagen

Figure 30. (Right) For some reason, the irrigation for these eastern oaks was turned off during a severe drought. On closer 
inspection, I noted that they had been colonized by flatheaded borers. Photo: B. Hagen

Figure 28. The landscape crew working 
in downtown Sacramento encountered 
chunks of concrete and red bricks bur-
ied in the fill when they excavated the 
soil to plant a tree. Photo: B. Hagen
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commonly sustain sunburn injury to 
their stem on the southwest side. This 
can lead to stem decay and reduced 
life span. If droughty condition per-
sist, trees may exhaust their energy 
reserves. Water deficits increase sus-
ceptibility to opportunistic pests, like 
bark beetles, borers, and canker dis-
eases that result in additional dam-
age, or mortality. 

Many urban trees are not irrigated 
following establishment. This may 
be fine for drought-tolerant species 
in more temperate regions, or where 
there is an adequate volume of soil 
for the roots to exploit. Without some 
supplemental irrigation, many spe-
cies are likely to suffer drought stress 
in urban landscapes, particularly in 
arid locations and during droughty 
periods. Urban trees are more likely 
to develop water-deficits and suffer 
the consequences of secondary pests 
and pathogens. (Fig. 31)

High soil moisture 
Excess irrigation coupled with re-
stricted drainage, and trees planted 
in areas with a high water table can 
be another problem in urban land-
scapes. (Fig. 32) High soil moisture 
can lead to poor soil aeration, im-
paired root function, and potential 
root disease problems. A number of 
tree species, particularly California’s 
native oaks, are sensitive to irriga-
tion that continually wets the lower 
trunk or keeps the soil around the 
root-flare wet. Frequent irrigation of 
turf and other water-loving vegeta-
tion planted near the trunks of many 
trees, favors the development of soil-
borne root pathogens. Although nor-
mally inactive in dry soil, common 
root diseases thrive under warm, 
moist conditions created when wa-
ter is frequently applied to the soil 
during the summer. These patho-
gens, can, over time, kill or decay 
the roots, leading to tree death or 
structural failure. Root diseases are 
more severe where water collects or 
drainage is restricted by heavy clay 
soils, hardpan, and soil compaction. 
Tree planting methods can also cre-
ate serious problems for urban trees. 

The following are tree selection 
and planting tips 

for citizen tree planters:  
Select tough (adaptable) trees for the harshest sites.

Buy quality stock, (specify trees with a single, dominant leader with 
well-spaced lateral branches, free of included bark). Inspect for girdling 
roots and correct or reject. 

Avoid planting in sites that are shaded for most of the day, e.g., north 
side of buildings.

Plant trees that are appropriate to the space available.

Select trees that are adaptable to the site’s environmental conditions, 
e.g., water loving trees in turf or poorly drained soil, etc. 

Plant in the late fall to early spring to allow time for root development 
before warm, dry weather.

Apply water directly to the root ball for at least six weeks after plant-
ing. Trees are dependent on the water contained in the root ball until 
their roots grow out into the backfill and native soil. Irrigate amply 
for the first 3 to five years to establish an adequate root system and 
encourage moderately vigorous growth.

Keeping the soil moist can encourage root growth even in compacted 
soils.

Emphasize site prep:
Enlarge tree cutouts at every opportunity. A 4 ft. x4 ft. cutout pro-
vides scant space for tree growth. You can use one half of a typical 
tree grate to expand the cutout to a 6 x 6’ that extends out into 
the sidewalk.
Increase size of planting hole (at least 3 times the width of the root 
ball), and plant 1-2 inches high.
Grind old stump to a depth of 24 inches, and loosen or replace 
compacted soil to 24 inches.
Create root channels (narrow radial trenches) for root breakout 
areas when concrete is being replaced. 
When the soil is particularly poor, e.g., sandy or silty or low in 
organic matter consider commercial mycorrhizae inoculants at time 
of planting, and moderate fertilization (second or third year).
Maintain a turf-free zone around trees.
Mulch bare soil surface with coarse, wood-chip material (4 to 6 inch 
layer), keep away from trunk.

Avoid routine use of root barriers. Linear root deflectors placed 4 
inches from concrete and with the bottom edge angled outward are 
less problematic.

Prune early to improve branch spacing and to eliminate defect. Prune 
only as necessary (avoid over-thinning). Protect trees from topping and 
severe pruning. Encourage the city to adopt an ordinance requiring ap-
propriate pruning standards. 

During urban renewal provide greater rooting area:
Use structural soil mixes 
Replace concrete with moveable pavers.
Relocate sidewalk around tree base.
Create shared tree wells, zones and linear planting strips.
Increase dimensions of planting strips and tree cutouts.
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are more drought tolerant. There are 
trees that will tolerate most condi-
tions found in urban areas, and of 
course, there are sites where no trees 
will thrive. Creating or restoring fa-
vorable growing conditions and se-
lecting trees that are tolerant of the 
planting site’s environmental con-
ditions is the best means to ensure 
long-term success and a healthy, 
sustainable urban forest. 

I’ve used a broad brush to paint 
a rather bleak picture for trees in the 
urban landscapes, particularly those 
in the inner city. One need only look 
around to see that trees do indeed 
survive in cities and some actually 
thrive under what appears to be re-
strictive conditions. Nonetheless, 
some sites are just unsuitable for tree 
planting without elaborate mitiga-
tion. In most cases, improved tree se-
lection and better site prep can help 
avoid tree problems. The two most 
important considerations in selecting 
a tree for a particular site are how well 
it will fit, and are the environmental 
conditions favorable. (Fig. 35) All 
site constraints must be considered. 
Planting a small statured tree may 
be the only option when space above 

press and liquidambar are quite tol-
erant of wet soils. Chinese pistache, 
cork oak, golden rain tree, Califor-
nia pepper and southern live oak 

Planting root balls even a few inches 
deep can lead to future root disease 
problems, as the root flare is par-
ticularly susceptible to root disease 
when bubblers are left close to the 
trunk. (Figs. 33, 34)

Tree selection
Most urban tree species are non-na-
tive and have been selected for their 
attributes, and sometimes tolerance 
to urban conditions. Some of these 
species have performed well in ur-
ban areas across the country. Typi-
cally, such trees tolerate moderate 
drought, flooding, low soil aeration, 
restricted rooting volume, high sum-
mer and low winter temperatures, 
and a wide pH range. It is important 
to note that some trees are adapt-
able to a fairly wide range of envi-
ronmental conditions while others 
have a narrow range in which they 
will grow well. Of course, each tree 
species has a range of tolerances and 
is more or less suitable for particular 
cities, regions, or planting sites. For 
instance, red maple, silver maple, 
Pennsylvania green ash, bald cy-

Figure 33. (Left) This red maple was in an advanced state of decline from what 
appeared to be Armillaria mellea, a serious root pathogen. Photo: B. Hagen

Figure 34. (Right) Symptoms of Phytophthora root disease in a young street tree. 
The irrigation system contributed to the problem by keeping the trunk flare wet. 
Note the ring of drip emitters around the base.  Photo: B. Hagen

Figure 31. (Left) This Pacific redwood had died back and was eventually killed by 
redwood canker disease. It had survived for many years surrounded by asphalt.  
Redwoods and many other species require moist soils to survive when planted 
away from coastal influences. Photo: B. Hagen

Figure 32. (Right) Impeded drainage and inappropriate irrigation practices in ur-
ban landscapes can result in poor soil aeration and favor root pathogens as well 
Photo: B. Hagen
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or below ground is limited and will 
not accommodate a larger growing 
species. (Fig. 36) A more pragmatic 
approach for selecting trees for ur-
ban centers is based on a thorough 
assessment of site conditions, and 
constrains, and a determination of 
the most likely candidates based on 
a review of  the environmental toler-
ances and growth characteristics of a 
wide range of species and cultivars. 
The success of this approach, though, 
is dependent on recognizing  the site 
constraints and working around 
them. Selection must be based pri-
marily on site conditions and physi-
cal constraints rather than aesthetics, 
design themes, or historical reasons 
– let’s learn from our past mistakes. 
Emphasis must also be placed on 
creating favorable growing condi-
tions to establish newly planted trees 
quickly, and on developing strong, 

Figure 37. Considering that summers are getting longer due to increased CO2 in the 
atmosphere, it would be prudent to begin planting more adaptable species such as 
those from more arid climates, like this honey mesquite (Prosopsis glandulosa).  
Photo: B. Hagen

Figure 35. (Left) Trees should be selected specifically for each planting site, based 
on the site constraints. Crape myrtles were selected for the smaller cut-outs in 
this neighborhood. The previous species had caused a lot of pavement damage. 
Photo: B. Hagen

Figure 36. (Right) Sites like this are a challenge for most trees. Space for the crowns 
as well as the roots is quite limited. There’s a lot of reflected and radiated heat 
from the building and pavement, and wind from the fast-moving vehicles increases 
water loss through the leaves. The replacement species European hornbeams (Car-
pinus betula ‘Emerald Avenue’), is noted for its heat resistance, and adaptability 
to street planting. Photo: B. Hagen

safe structure. Trees are more toler-
ant of neglect or harsh conditions 
once properly established.

Threats to urban ecosystems
Intensive and rapid urban growth is 
the greatest pressure on urban eco-
systems. The prospects for global ur-
ban growth are startling. Urban ar-
eas worldwide are projected to add 
as many as two billion people by 
2030. Those people will need water, 
food, shelter, and energy. Most of the 
population will reside in cities, and 
suburban areas. Finding space for 
these people will place even greater 
pressure on existing trees in cities, 
open space, agricultural land and 
surrounding forestlands for housing 
and resources. And if things were 
not bad enough, the introduction 
of more invasive tree pests and dis-
eases from across the globe will con-
tinue to threaten urban tree popula-
tions across the country. Cities are 
indeed getting hotter and drier than 
in past memory, so desert adapted 
trees are good candidates for plant-
ing. (Fig. 37)

Bruce W. Hagen


