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How Soil Factors Affect Plant
Establishment and Growth

by Patrick D. Kelsey,
Research Soil Scientist

Morton Arboretum, Lisle, IL
Soil information has long been used by farmers, engineers

and land managers, but little attention has been paid to soil
management in the urban landscape by horticulturalists, arborists
and landscape professionals.

Soil information used by the landscape industry is usually
limited to fertility considerations only. But there is more to learn.
Harsh urban soil conditions present one of the most severe en-
vironmental stresses encountered by woody landscape plants.
Compaction, poor site drainage, manmade soil (mortar, building
rubble, etc.) alkalinity and clayey materials are just a few of
the physical limitations in urban planting sites.

By understanding basic soil properties, the landscape profes-
sional can modify planting sites and eliminate some of the dif-
ferences between nursery conditions and the urban planting site.
Analysis of site soil conditions is not generally a part of the
design phase, but it should be. If soil information is not pro-
vided during design, it should be gathered and utilized during
plan implementation. Site modification is more difficult at this
stage, but in many instances may be the only way to increase
the survival rate of woody plants on the site. Often, remedial
action to improve the trees' environment after planting is un-
successful, and very costly.

Physical soil properties critical to the establishment of trees
in urban landscapes include texture, soil structure, available
water holding capacity, bulk density, permeability and water

table depth. Because of the complex interrelationships between
physical properties, no single factor in this list is more impor-
tant than another.
Soil texture Soil texture, the ratio of particle sizes (sand, silt
and clay), can be estimated easily. Textures can be obtained
in the field by kneading the soil between the thumb and foref-
inger. Gritty particles in the sample are sand; silt particles feel
floury; and clay particles are sticky.

Textural analyses of soils can also be performed by commer-
cial laboratories. Often, if a soil is the least bit sticky, people
are quick to say that it is clay. In actuality, few soils in nor-
thern Illinois are clay.

Soil texture controls the permeability, moisture holding
capacity and consistence, or friability, of soils.
Soil structure Soil structure refers to the size and shape of
soil aggregates. These aggregates, or peds, are held together
by a complex of organic compounds. Soil structure is describ-
ed by the shape of the aggregate: granular, crumb, blocky, sub-
angular blocky, prismatic and columnar. Soil structure controls
the permeability and gas exchange, and affects the drainage
characteristics by "perching" water in some layers of the soil.

Compaction from equipment causes the soil structure to break
down. Tilling compacted soil will help increase its permeabili-
ty and aeration. However, if the compaction is severe and the
structure is destroyed, reaggregation may not occur. This is true
of many urban situations, particularly where organic matter
levels are low.

If poorly aggregated soil cannot be overcome, tilling and
working in organic matter will ease some of the permeability
problems. However, this is not a long-term solution. There s
no quick fix to soil reaggregation available. Gypsum is com-
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PREMIUM FAIRWAY FOOD A high quality -
homogeneous fertilizer, especially formulated for
golf course use. Uniform size - Easy to Spread.

1 OLSEN'S PREMIUM FERTILIZER
fR\RWR'i Custom blended to our most rigid specifications to

fOOO I satisfy the most demanding customers. Fast as well aso-~ slow release chemicals assure even growth patterns.
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Olsen Distributing Co.

312-381-9333

SPRING VALLEY 25% NATURAL - Our
natural based fertilizers contain 25% by weight,
natural fertilizer blended with proven products
like Potash & SCU. An excellent fertilizer for the
customer who wants a blended product.

MILORGANITE
The long-time favorite fertilizer of many. Used all
over the country for fine turf. All organic -
granular fertilizer.
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Phone: (312) - 788-4565
(312) - 461-3679

2 N 255 County Farm Ad. West Chicago, IL 60185
Phone: (312) 668-5537
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• Subdue
• Banner
• Naiad

Distributors of:

• Agri-Dianostic Disease Kits
• Acclaim
• Banol

BROOKSIDE SOIL TESTING
and

IRRIGA TION WATER ANAL YS'S

includes a complete report, and recommendations for
producing quality turf on golf courses.

ADVANT AC ES:
• Improves the environment of the grassesand eliminates

turf diseases
• Decreases expenses for pesticides
• Reduces thatch and eliminates fairway renovation
• Decreases expenses for costly ferti Iizers
• Healthy turf attracts more golfers and increases income

Contact:
Golf course specialists for over 20 years

V. J. Zolman and Son
2618 Harvey Avenue

Berwyn, Illinois 60402

SOIL FACTORS (continued from page 19)
monly used to "improve" aggregation, but it is only effective
in saline soils. Its ability to improve soil structure in alkaline
materials that are fine textured has not been shown. Recent
research on organic polymers to improve aggregation is pro-
mising, but few commercial products are available.
Water holding capacity Available water holding capacity
(AWHC) refers to the capacity of the soil to hold water that
plants can use. This is essentially the moisture levels from field
capacity (saturation point) to the wilting point percentage.
AWHC is controlled largely by soil texture. Silt loam and loam
textures provide the largest AWHC of any soil texture. Coarser
textures (sandy, sandy loam, etc.) have less surface area to hold
the water for plants than do finer textured soils. Finer textured
soils (silty clay loam, clay loam, clay, etc.) contain large sur-
face area for holding water, but the clay particles bind much
of it tightly so less is available to the plants.
Bulk density Bulk density is most commonly used as an in-
dicator of soil compaction. It is a measurement of the mass of
soil per unit volume. During the compaction process, soil struc-
ture is destroyed and large soil pores collapse. Density is an
indirect indicator of the adequacy of soil pore space. High den-
sities (greater than 1.8) indicate soil conditions which prevent
root growth and survival due to reduced soil aeration, poor water
movement and impenetrability. Bulk densities between 1.0 and
1.4 are optimum for root growth. Root growth is reduced at
densities between 1.5 and 1.8
Permeability Permeability indicates the ability of water, gases
and plant roots to move through the soil over a period of time.
Pore space, texture and soil structure control the permeability
of soil. Soils with coarse textures are more permeable than fine
textured soils. Large pores transmit soil water and gases more
readily than small. Transmission of water depends on the abili-
ty of water to move either laterally or downward. Most of the
root growth, gas exchange and water movement through soils
occurs in the large pores along the faces of the soil aggregates.
Water table depth The seasonal high water table and drainage
characteristics are determined in intact soil profiles by mark-
ing the highest depth at which splotches of gray colors occur.
These splotches are termed "mottles" . Mottles occur in many
colors, but are usually either dull gray or bright reddish-orange.
If the gray color (gley) dominates the soil, the water table is
at that depth for the majority of the year, unless the area has
been recently (10-20 years) tiles drained .

Mottling and gleying of the soil are not good indicators of
water table depths in disturbed urban soils, because the color
of the soil applies to the soil before disturbance. Often, fill
materials for urban sites do not originate at the site, but are
brought in from other areas. This makes historic characteristics
of little value in site evaluation.

In disturbed soils, monitoring of near-surface water tables is
usually the only reliable measure of potential water logging.
Unfortunately, site investigations are rarely undertaken until the
plant has been killed by poor drainage or a high water table.

Water table and drainage problems are easily overcome by
tile drainage, except in areas with fine textures soil materials
that have been severely compacted. In these situations, site im-
provement usually involves the use of dry wells and the com-
plete replacement of the soil environment in which the tree is
to be planted.
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