Native Forests and the Urban Landscape:
Don’t treat your soil like dirt

By Mike Amaranthus, Ph.D.

oday’s modern urban landscape is a

far ery from the native forests that

once spread widely across our con-
tineni. Urban landscapes face many threats
to the health of trees. Shortage of organic
matter in the soil, compaction, poor soil
drainage, disease, erosion, unstable pH and
impermeable crusted soil surface are defi-
nitely not the conditions that trees faced in
their native forest habitats, (Table 1).

How do trees in the forest primeval
attain great ages, heights and diameters
without irrigation, fertilizers and pesti-
cides? The answer is that soils in
undisturbed native forests contin a wide
range of beneficial organisms that soils in
the urban landscape lack. Probably the
most important of these, and the most stud-
ied group of beneficial soil organisms, are
the mycorrhizal fungi. Mycorrhizae literal-
ly means fungus-root and is a symbiotic
{mutually beneficial) relationship between
plant roots and ceriain specialized soil
fungi. All known tree species form the
mycorthizal relationship in their native
habitais.

For the last 20 years, scientists have been
intensely studying these tiny soil organ-
isms that are changing the way tree care
professionals think about planting and
managing trees,

Muother's ancient history
Our landscape has not always been alive,
Back 460 million years ago, no plants cov-

A healthy Deodar cedar (Cedrus deodara ) affer freatment with 2 mycorrhizal inoculant

ered the earth’s land surface. Compared to
today, the land was a barren, lifeless sur-
face. Plants only existed in lakes and seas
and lacked the elaborate root structure they
needed to conguer the harsh conditions on
the land.

Then the specialized fungus entered the
primitive root of the aquatic plant. The fun-
gal thread secured its energy source from
the plant and, in return, the fungal fila-

Figure 1. Mycorrhizal filaments i the soil
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ments explored and mined the harsh carth's
surface, (Figure 1), The plant acquired the
needed nutrients and water to sustain life
from the fungus. The resulting evalution-
ary leap allowed plants to inhabit the fand
surface and has shaped life as we know il
today.

The mycorrhizal-plant relationship no
only still exists today, but has also becom:
one of the most successiul relationships on
carth. Today, approximately 90 percent of
the world’s plant specics form the mycor



Figure 3. Too much turf grass, water and fertilizer are not conditions that favar trees and mycorrhizal fuags.

planting and are subject o greater levels of
stress and mortality.

We now know that mycorrhizal popula-
tions have been lost following construction

34

activities. Vegetation removal, compaction,
erosion, grading, 1opsoil removal, paving,
pollution, over watering and the use of cer-
tain chemicals are just some of the
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practices that adversely affect mycorrhizal
fungi (Figure 4). These conditions are def-
initely not the conditions that plants faced
in their natural forest environments.

Re-establishing a living earth

How do you re-establish mycorrhizal
fungi once they have been lost from a site?

Recent advancements in our understand-
ing of mycorrhizal fungi and their
requirements have led to the production of
high-quality, economical mycorrhizal
inoculums  at affordable  prices.
Mycormhizal inoculums are currently avail-
able in granular, powder, liquid and even
tablet forms (Figure 5),

The most important factor for re-inte-
grating mycorrthizae is o get the
mycorrhizal propagules near the root sys-
tems of target plants. Inoculum can be
incorporated into the planting hole at the
time of transplanting, watered into porous
soils, mixed into soil mixes or directly
dipped on root systems using gels. The



Loose, well aggregated V5
Fungal dominated V5
Low to moderate fertility V5
High levels of mycorrhizal fungi Vs
Seasonal moisture inputs, well dramed Vs
High levels of organic matter inputs Vs
Low, stable pH and temperature Vs
Low levels of surface erosion Vs
Low salt concentrations V5
Low levels of soil borne diseases Vs
Tabie 1

Undisturbed Forest Soil vs Disturbed, Intensively Managed Urban Soil

Compacled, massive

Bacteria dominaled

High fertility

Low levels of mycarrhizal fungi

High levels of imgation, poarly drained
Low levels of organic matter inputs
High, varable pH and temperature
High levels of surface erosion

High salt concentration

High levels of soll bome diseases

rhizal-plant relationship in varied natural
habitats all over the world.

How do mycorrrhizae work?

Mycorrhizal spores (seeds) germinate in
response 1o rool activity and penetrate in or
around the inside of the root cells { Figure
2). Then they send their filaments (called
mycelium) into the surrounding soil, effec-
tively extending the plant’s roots and root
absorbing capacity from 10 to several thou-
sand times — far bevond what the plant can
do alone and thus improving plant estab-
lishment and productivity.

Several miles of these ultra-fine fila-
ments can be present in less than a
thimbleful of soil. Mycorrhizal fungi sup-
ply the water and nutrients needed by the
plant for establishment and survival, and,
in return, receive from the plant roots sug-
ars and other compounds needed by the
fungus. Mycorrhizal filaments are much
smaller than roots, so they can easily pene-
tratc into smaller spaces between soil
particles,

In the small nooks and crannies of the
soil, these tiny filaments release powerful
enzymes that dissolve ughtly bound miner-
als such as phosphorus, sulfur, iron and all
the major and minor nutrients used by
plants, The nutrients are organically assim-
ilated by the mycorthizac and become
readily available for use by the planis.

Mycorrhizae provide many other bene-
fits to plants. The fungal filaments take up
and store water, decreasing drought stress
during dry periods. Plant roots are too thick
to access the small pores that retain large
amounts of water in the soil. The much
thinner mycorrhizal hyphae easily pene-
trate into smaller spaces between soil
particles and supply essential water during
periods of moisture deficit.

Figure 2. Mycorrhizal spore.

The fungal filaments also bind soil parti-
cles into larger aggregates with orgamic
glues such as humic compounds; the
resulting sonl structure allows air and water
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movement into the soil, encouraging root
growth and distnbution.

Mycorrhizal benefits include:

» Improved transplant survival, growth
More effective rooting
Improved soil structure
Increased fertilizer utilization
Decreased drought stress
Tolerance of environmental exiremes
Reduced off-site pollution of surface
and groundwater
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When do we apply mycorrhizae?

Natural, undisturbed arcas are teeming
with a wide variety of mycorrhizal fungi.
These areas have reached tremendous pro-
ductivity and stability without chemical
fertilizers, irrigation and pesticides.
Healthy living soils conserve water and
nutrients and protect the plants against
stress and environmental extremes.,

To achieve the benefits of the mycor-
rhizal relationship, they need to be present
on your site. Most of our man-made envi-
ronments were built using practices that
destroy the soil conditions supportive of
beneficial soil orgamisms. (Figure 3)
Studies have documented that in highly
disturbed environments, trees have not
formed mycorrhizal relationships after
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form and application of the mycorrhizal
inoculum depends upon the needs of the
applicator,. What is clear 15 that on dis-
turbed construction and stressed  sites,
inoculation is highly effective,

If you are planning to add mycorrhizal
fungi back to areas where they have been
lost, make sure vou use producis that have
a diverse array of species. Not all are creat-
ed equal. Mycorrhizal fungi have different
capacities and tolerances. For example,
some have differing abilitics 1o protect
plants from drought. Still others are better
at producing enzymes that facilitate miner-
al uptake such as phosphorous. iron and
others. Some mycorrhizal fungi can access
organic forms of nitrogen. Mycorrhizal
diversity ensures a range of benefits to the
plant not found with only one species.

Don’t treat soil like dirt

Disturbance activitics and the wide-
spread use of conventional fertilizers and
pesticides  have resulted in detrimental
effects on our soils and environment.
Impacts include high levels of run-off, ero-
sion, compaction, contamination of lakes,
streams and groundwater, salt accumula-
tion and loss of soil structure. On large
arcas of the planet, we have treated soil like
dirt,

An attractive tool 1o diminish the envi-

The most important factor for re-folegratiog mycor-
rrhizae is fo gef the mycorrhizal propaguies near the roel
systems of targel plants.
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Eranular mycorrhizal inoculum, Mycorriizal inoculums
are covrently available in granular, powdey, iguid and
even [ablet forms.

ronmental and dollar costs of these activi-
tics is to use mycorrhizal fungi as a natural
tree growth stimulant. Using mycorrhizal
fungi to establish and grow trees 15 bor-
rowing from nature’s template. Natural,
undisturbed areas are teeming with a wide
varicty. Many of these natural forest
ecosystems are the most stable and produc-
tive on earth, achieving great plant
productivity and longevity without imiga-
tion, fertilization or the use of pesticides.
How do they do it? A healthy, robust, living
sonl conserves, transforms and utilizes soil
nutrients and water and protects plants
from unhecalthy soils and environmental
extremes. The key for the tree care special-
ist 15 10 recognize that soil is alive and
deserving to be treated like the precious
resource it is.

Mike Amaranthus, Ph.D., is adiunct
associate professor of Forest Science ar
Chregon State University and president of
Myeorrhizal Applications Inc. This article
was excerpied from his presentation on the
same subject ar TCH EXPO 2008, He will
be presenting at TC! EXPO 20007 thix
November in Hartford, Conn., on
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