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Environmental Injury: Cold Temperature Injury of
Landscape Woody Ornamentals

The seasonal cycles of active growth followed by the death-
like winter appearance of deciduous trees and shrubs have
been a source of wonder to humans since ancient times. Early
philosophers thought that trees could survive the freezing
winter months because they had a“natural heat” that prevented
them from freezing during the long, cold winter. It was not
until the early 1800s that scientists discredited this vital heat or
“caloric theory” of plant freeze survival. Today, wethink in
terms of plant cold hardiness: the ability to adapt to and
withstand freezing temperatures (Gusta and Wisniewski 2013).

Plant Cold Hardiness

A plant’s cold hardiness, or its tolerance to freezing
temperatures, is genetically determined. However,
environmental conditions and cultural practices are factors that
also influence a plant’s cold hardiness. The seasonal changein
resistance to freezing temperatures occurs in response to
environmental cuesin plants that have the genetic capacity for
cold hardiness.

The three components of cold hardiness are;

1. cold acclimation
2. ultimate or maximum mid-winter hardiness
3. deacclimation

Improper timing or insufficient development of any one of
these components may limit plant survival.

Acclimation, Maximum Mid-

Winter Hardiness, and
Deacclimation

Cold acclimation is a process involving physiological changes
that occur within a plant, transforming it from a plant that is
susceptible to freeze damage to one that is freeze tolerant or in
acold hardy condition. Cold acclimation occurs in response to
changes in day length (i.e., photoperiod) and temperature.

In hardy trees and shrubs, cold acclimation is generally
considered to be atwo-stage process. Thefirst stage isinitiated
by shorter day lengths later in the growing season, resulting in
partial hardiness. The second stage isinitiated by subfreezing
temperatures and results in ultimate or maximum cold
hardiness.

In general, actively growing plants cannot acclimate to cold
temperatures (Figure 1). It is day lengths or photoperiods
shorter than a certain critical length that provide the stimulus
for cessation of above-ground plant growth. Shorter days
initiate the biochemical and physiological processes associated
with cold acclimation. Increasingly colder temperaturesin
autumn and winter induce additional physiological changes
within the plant, allowing it to reach its maximum mid-winter
hardiness.

In studies of northern hemisphere trees, the critical day length
for growth cessation can vary from 12 to 22 hours depending
on the species and latitude of origin (Olsen et a. 2004). Within
asingle species, the geographic origin of aplant playsan
important role in the development of cold hardiness (Figure 2).

Figure 1. Late season growth prevents or delays cold acclimation in trees
and shrubs. (Photo by Rita Hummel)

Figure 2. Redosier dogwood native to Alaska (left) and Utah (right) grown
side-by-side in Puyallup, WA, respond differently to the shortening days of
late summer. (Photo by Rita Hummel)



