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New Light on Freeze Stress

orthern regions of the United States have experienced signifi-

cant turf loss related to winter injury in the last few years. His-

torically, widespread winter-kill occurred no more than every

eight to ten years. However, it appears to be a more common occurrence

now, causing some to reflect on possible causes for the increase.

Many older courses simply have putting greens that are prone to dam-

age due to susceptible grasses and poor drainage. There is growing con-
cern that the lack of light as a result of evergreen tree shade may be exac-
erbating the problem, yet research is absent. »#~

Over the years, research has focused on a
variety of individual aspects of the problem.
Studies have investigated ice formation, accli-
mation and deacclimation from low tempera-
ture and winter diseases. Few studies have in-
vestigated the role of shade and the effect it
could have on acclimation.

To fully understand the role of light on win-
ter-kill, it is vital to understand the complex
interactions that occur in the winter. Once we
more fully understand the problem, we will be
able to effectively address the issue. It’s not like
we need another reason to remove trees!

Freeze Pops

Turfgrass injury from freezing stress is di-
rectly related to how, where and whether or
not ice forms in cells of the turfgrass stem apex
(a.k.a. crown), that region of the grass plant
that overwinters. Specifically, if temperatures

drop rapidly and water is available for freezing
inside a plant cell, that cell will die. If several
cells in the crown die, the grass plant may not
be able to recover. This direct form of freezing
injury is thought to be rare, because tempera-
tures generally decline between 1-2° C per
hour, allowing the cell time to adapt.

The more common scenario is when ice
forms between the plant cells. As the ice crystal
forms, it will draw water molecules from in-
side the cell to expand the size of the crystal.
As water is drawn from the cell, it becomes
dehydrated. Plants utilize various mechanisms
to minimize ice crystal formation by holding
water inside the cell tighter than the ice crystal
can draw it out. The mechanisms of freezing
stress resistance lie at the heart of developing
strategies for survival.

continued on page 4

1. Freeze Stress

2. Clippings
* NYS Turfgrass Survey
e Send us a letter

3. Scanning the Journals
* Which soil test?
= Are sand rootzones sterile?

6. Pesticide Reduction by the
Numbers

8. Reducing Employee
Turnover

9. Urban Horticulture
Institute

12. Pesticide Applicators at
Higher Prostate Cancer
Risk

CUTT, “CorNeLL UNIVERSITY TURFGRASS TIMES” iS
published four times per year by the Turfgrass
Science Program at Cornell University, Ithaca, New
York 14853. Address correspondence to: CORNELL
UniversiTy TurrGrass Times, 20 Plant Science
Building, Cornell University, Ithaca, NY 14853;
phone: (607) 255-1629; email: fsr3@cornell.edu.

Editor: Frank S. Rossi, Ph.D.

Design & Production: Ghostwriters, inc.,
Ithaca, NY

Cornell University is an equal opportunity,
affirmative action educator and employer.

CUTT is copyright © 2003 by Cornell University.
All rights reserved. Permission to reproduce any
material contained herein must be obtained in
writing.

The use of product names or trademarks in this
newsletter or by Cornell University does not imply
any endorsement of such products.



CorNELL UNIVERSITY TURFGRASS TIMES

dh

As the crown hydrates to
grow it becomes more
susceptible to freezing than
it would be in a hardened
state. Simply, more free
water is available for
freezing.

Researchers at the Prairie
Turfgrass Research Center
in Alberta, Canada
quantified the reduced
hardiness of annual
bluegrass following 48
hours of temperatures
above 40° F. It was
concluded that freezing
tolerance was reduced 5—
10° F following a slight
warming.
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Freeze Stress
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Transition

It has become apparent over the last sev-
eral years that the transitional period between
winter and spring, characterized by fluctuating
freezing and thawing events, is critical to un-
derstanding plant death as a result of freezing
stress. During this time when plant energy re-
serves are low, the plant will respond to warm-
ing temperatures by stimulating growth. When
growth is stimulated, several physiological
changes occur. The most significant effect is the
hydration of the tissue. The driving force for
growth is water. Therefore, as the crown hy-
drates to grow it becomes more susceptible to
freezing than it would be in a hardened state.
Simply, more free water is available for freez-
ing.

Researchers have speculated for years that
one of the single most important aspects for
enhancing winter hardiness is delayed
deacclimation or breaking of dormancy. This is
most difficult with annual bluegrass that is likely
to break dormancy rapidly in the spring. In fact,
researchers at the Prairie Turfgrass Research
Center in Alberta, Canada have quantified the
reduced hardiness of annual bluegrass follow-
ing 48 hours of temperatures above 40° F. It
was concluded that freezing tolerance was re-
duced 5-10° F following a slight warming.

Water

Remember from high school chemistry how
water (or any liquid) will move from a higher
concentration to a lower concentration? This is
a way of understanding how water will move
out of the cell to form an ice crystal. The cell
membrane prevents any solutes, like energy
sources (sugars and fructans), from leaving the
cell and allows water (a liquid) to pass through.
This is referred to as a semi-permeable mem-
brane.

As the ice crystal forms it has a lower con-
centration of water than inside the cell and
water moves out of the cell to enlarge the crys-
tal. Maximizing solutes in the cell could reduce
the concentration of water in the cell. This re-
duced concentration would prevent the water
from passing through the membrane for ice
crystal enlargement. Therefore, the cell would
stay hydrated and survive.

Light

A critical aspect of minimizing cellular wa-
ter that is available for freezing is thought to be
related to the energy status of the plant. En-
ergy status is a term used interchangeably with
carbohydrate levels. Carbohydrates are the en-
ergy currency in the plant generated via pho-
tosynthesis.

Dense evergreens inhibit light penetration and may exacerbate injury.
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Incipient freeze-thaw cycles and standing water reduce winter hardiness.

Professor George Hamilton of Penn State
University recently completed his thesis ad-
dressing ice formation on putting greens.
Hamilton’s work focused on different types of
ice, i.e., opaque or clear, dense or slushy, etc.
An important conclusion was that ice type did
not seem to influence turf injury, but rather the
energy status of the plants. He speculates that
carbohydrate levels might be the factor deter-
mining survival.

Hamilton’s theory is supported by the se-
vere winter-kill that damaged greens through-
out New England in the 2002-03 winter. One
such course was Apawamis Golf Club in Rye,
NY. Golf course superintendent Bill Perlee had
one area on his 13™" green that was winter-
killed. Apawamis is over 100 years old with
mostly a mixed stand of bentgrass and annual
bluegrass greens. The 13" green has two old ev-
ergreen trees about 20 feet off the edge of the
surface and it appears that the severe winter-Kkill
was associated with the shade from these trees.

Under reduced light conditions, especially
when the sun is low in the sky in the shoulders
of the northern season, plants produce signifi-
cantly less carbohydrates. It could be hypoth-
esized that these plants are most susceptible to
winter injury due to low energy levels that re-
duce full acclimation to low temperature.

The turf and tree debate has renewed fer-
vor, as it is likely that light penetration is as
vital to turf health in the winter as it is during
peak stress periods. Superintendents might
wonder if tree removal is any easier to push
through than complete reconstruction to im-
prove drainage. It seems to me that it is an ex-
cellent first step. »~

Frank S. Rossi, Ph.D.

Editor’s Note: Cornell’s Urban Horticulture In-
stitute has a number of publications and videos ad-
dressing tree selection and placement. See page 9 for
more information.

Latest Edition of Turfgrass Problems
Picture Clues book is available!

« Triple the number of problems addressed in last edition
« New photos for each problem showing distant and close-up views

« Each problem now has detailed descriptions and cultural
management options

= New sections on general problem solving skills and monitoring

« Unique pest timelines that tell when a certain disease, insect or
weed is likely to emerge

« Extensive glossary included

« Still a handy pocket size guide

Order the Picture Clues guide for $18,
a 30% savings off the retail price.

Contact NYSTA at (800) 873-8873.

An important conclusion
was that ice type did not
seem to influence turf
injury, but rather the
energy status of the plants.
Professor Hamilton
speculates that
carbohydrate levels might
be the factor determining
survival.

The turf and tree debate
has renewed fervor, as it is
likely that light penetration
is as vital to turf health in
the winter as it is during
peak stress periods.
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