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Water stress is the most often cited cause of
poor survival and growth of woody landscape plants. Insufficient soil moisture is the
most common form of water stress, but
excess moisture that leads to poor soil aeration (hypoxia) can also result in reduced plant
vitality. The purposes of this article are to
describe conditions that lead to excessive soil
moisture and poor soil aeration, to describe
plant responses to soil aeration stress, and
to suggest management strategies for minimizing soil aeration stress on woody landscape plants.

SOIL CONDITIONS
Drainage and aeration are dictated by soil
physical properties, including texture, structure, bulk density, and porosity. The physical
properties of landscape soils are modified to
some extent during the construction of surrounding hardscapes and buildings. Removal
of organic and surface mineral horizons
during excavation and grading creates an
artificial soil surface horizon composed of
displaced clay subsoil.
Clay, which consists of a high percentage
of small mineral particles, possesses a large
internal volume (porosity) that permits substantial water storage. A well-structured clay
soil that contains both large (macro) pores
and small (micro) pores provides adequate
drainage and aeration for plant vitality.

Figure 1. Poor aeration in clay soil can limit
root growth, especially when compacted.
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aerenchyma tissue) may be produced in
response to soil hypoxia. Oxygen diffusion is
enhanced in the aerenchyma tissue. Limited
amounts of oxygen can also move from shoots
to roots along a diffusion gradient from the
leaves and lenticels in the stem. Additionally, some plant species tolerate chronic soil
hypoxia through increased alcohol dehydrogenase activity, an enzyme that breaks
down ethanol accumulated in the roots.
In intolerant species, chronic soil hypoxia
impairs root function and leads to root death,
which ultimately manifests as aboveground
decline. Shoot responses include wilting,
reduced growth, epinasty (deformed growth),
chlorosis, and death. Wilting and reduced
growth result from diminished water flow
to the shoot, although disruption of nitrate
metabolism is also involved in growth reduction. Chlorosis and shoot death have been
attributed to a decrease in cytokinin supply
from the roots (Kramer and Boyer 1995).

MANAGEMENT STRATEGIES
Strategies for managing the effects of soil
aeration stress on woody landscape plants
include proper plant species selection, soil
modification, and irrigation management.
Choosing plant species adapted to the existing soil conditions often minimizes the need
for intensive management practices. Species
selection should be based on an evaluation
of soil physical properties and overall site
hydrology. Clay and other fine-textured soils
may provide poor drainage and aeration,
especially if bulk density has been increased
by grading or vehicular traffic. Low areas or
areas exposed to concentrated runoff may
experience short-term soil hypoxia following
significant rainfall. Alders (Alnus), maples (Acer),

Figure 3. Red maples may be a good choice
for low-lying areas, which often suffer from
poor drainage and aeration.
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