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Winter Injury Causes Problems
on Annual Bluegrass Greens
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By Darrell K. Tompkins
F or many golf courses with creeping

bentgrass greens, annual bluegrass inva-

sion is a major weed problem. Conse-
quently, older turf is often overtaken. When
this happens, maintenance, rather than erad-
ication, becomes the major consideration.
Unfortunately, winter damage to annual blue-
grass greens is a significant problem in cold
climate areas.

Winter damage to annual bluegrass greens
can be due to a number of factors including
reduced levels of cold hardiness compared to
creeping bentgrass, early dehardening in the
spring, reduced cold hardiness associated
with crown hydration and mortality under ice
cover. This article will examine the manner in
which each of these factors can contribute to
winter injury in annual bluegrass.

Cold hardiness levels

During the warmer summer months, plants
have little ability to tolerate cold tempera-
tures, and temperatures of 24.8 degrees
Fahrenheit may be cold enough to cause
plant mortality. In preparation for the colder
temperatures of winter, plants undergo a
number of changes. This process is called
cold hardening.

A number of factors can induce cold hard-
ening including low temperature, shorter day
length, reduced soil and plant moisture and
plant nutrition (Gusta et al., 1983). Typical-
ly, temperatures near freezing are more effec-
tive in promoting rapid hardening (Gusta and
Fowler, 1979), and a period of below-freez-
ing temperatures may be required to achieve
the full level of cold hardiness (Gusta and
Fowler, 1977).

Cold hardiness levels can fluctuate from
year to year, and soil temperature during the
hardening period plays a critical role in deter-
mining the hardiness level (Tompkins et al,
2000). Upon exposure to conditions that
induce hardening, plants will achieve their
maximum levels of cold hardiness at the start
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of the winter (Gusta and Fowler, 1979). This
hardiness level will gradually decrease
throughout the winter. Therefore, a plant that
can tolerate temperatures of —4 degrees
Fahrenheit in December may only be able to
tolerate temperatures of 17.6 degrees Fahren-
heit in April (Tompkins et al., 2000).

Cold hardiness levels can vary widely for
different grass species (Gusta et al., 1980).

Crown hydration predisposes the
plant to freezing injury because of a
loss of cold hardiness.

For example, creeping bentgrass has a much
greater ability to cold harden than does annu-
al bluegrass. In Alberta in the western Cana-
dian prairies, creeping bentgrass can cold
harden to levels of at least —40 degrees
Fahrenheit, while annual bluegrass can cold
harden to —5.8 degrees Fahrenheit (Tompkins
et al., 2000). Biotypes of annual bluegrass
found in other regions may have less ability
to cold harden.

As plants cold harden, there is an associ-
ated decline in moisture levels in the crown
tissue. One difference between creeping
bentgrass and annual bluegrass is that creep-
ing bentgrass plants have a lower percent
moisture in the crown tissues at levels of
maximum cold hardiness.

Dehardening and winter Injury
Dehardening is the process that occurs when
temperatures warm, and plants lose their abil-
ity to tolerate cold temperatures. During the
later part of winter, plants undergo a series of
thawing and freezing cycles. A plant loses
some of its cold tolerance each successive
time it is exposed to warmer temperatures.
Dehardening occurs much more rapidly
than hardening (Gay and Eagles, 1991). Once
cold hardiness is lost, it may be possible to
partially re-induce cold hardiness, but this



level will never be the same as the initial cold
hardiness level (Tompkins, et al., 2000)
because the plant has fewer energy reserves
to draw on.

While annual bluegrass is not able to attain
the same level of cold hardiness as creeping
bentgrass, an additional problem is that annu-
al bluegrass can deharden earlier in the spring,
making it more susceptible to a late spring
frost. For example, in a two-year study con-
ducted at the Prairie Turfgrass Research Cen-
tre in Olds, Alberta, the average cold hardi-
ness level in mid-March for annual bluegrass
was 8.6 degrees Fahrenheit compared to
-20.2 degrees Fahrenheit for creeping bent-
grass (Tompkins, et al., 2000).

However, with the advent of much
warmer temperatures in April, the cold har-
diness differences between species rapidly dis-
appeared. By mid-April, the cold hardiness
level was around 14 degrees Fahrenheit for
both species.

One way to protect greens from winter
injury in the late winter is to maintain a snow
cover as long as possible. First, the snow pro-
tects plants from low temperatures, prevent-
ing injury. Second, as the air temperature
warms, the presence of cover can maintain the
plants in a dormant state, which helps prolong
cold hardiness. This extension of the dormant
period may only last for a few days as the
snow rapidly melts once daytime tempera-
tures warm, but this may be enough to pro-
vide protection from cold nighttime temper-
atures during this transition period.

Crown hydration

Crown hydration is the process whereby cells
in the crown tissue take up water. The crown
tissue is a meristematic region in the grass
plant that has the ability to produce new
growth in the spring.

The problem with crown hydration is that
it predisposes the plant to freezing injury
because of a loss of cold hardiness. It is a prob-
lem in poorly drained areas where water col-
lects and is a particular problem in the spring,
when temperatures fluctuate rapidly. When
temperatures drop suddenly, cells within the
critical crown tissue are susceptible to damage.

During the early spring, plants can dehard-
en considerably before there are any visual
signs of growth. This loss of hardiness is asso-

ciated with an increase in the percentage of
crown moisture. In addition, there is a strong
correlation between increased crown hydra-
tion and increased soil temperature (Tomp-
kins, et al., 2000). Therefore, prolonging the
period of dormancy through the use of an
insulating cover can delay the increase in
crown hydration, which helps to maintain
cold hardiness.

In some years, fluctuating temperatures
can cause snow to melt and refreeze. Melted
water can percolate through the snow to the
soil surface where it refreezes, producing a
layer of ice on the soil surface (McKersie and
Lesham, 1994). Ice can also form when freez-
ing rain occurs on frozen soils. The density of
the ice cover can vary depending on whether
the rainfall occurs in the presence or absence
of snow. Greater damage may occur when
plants are encased in ice as compared to ice
cover only (Andrews and Pomeroy, 1975;
Beard, 1964).

The relationship between tolerance to ice
cover (or encasement) and cold hardiness has
not been clearly established. Some reports
indicate a correlation between the two fac-
tors, and other reports indicate that the two
factors are not correlated (McKersie and
Hunt, 1987; Andrews and Pomeroy, 1989;
Gudleifsson et al., 1986). In addition, flooding
as the ice melts may reduce cold hardiness as
a result of crown hydration (Gao et al., 1983).

As plants cold harden, there is an
associated decline in moisture levels
in the crown tissues.

The Prairie Turfgrass Research Centre
recently completed a two-year study that
examined the effect of snow and ice cover on
annual bluegrass and creeping bentgrass.
Snow and ice covers were established on
annual bluegrass and creeping bentgrass
greens and maintained for 90 days. At 15-day
intervals, plants were sampled, and cold-har-
diness levels were determined.

Ice cover had a much more dramatic
impact on the loss of cold hardiness (and
eventual plant mortality) for annual bluegrass
than for creeping bentgrass. For example, by
60 days the ice-covered annual bluegrass
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plants had a cold hardiness level of only 21.2
degrees Fahrenheit and were dead by day 75.
In contrast, the ice covered creeping bentgrass
plants had a cold hardiness level of -32.8
degrees Fahrenheit at day 60 and -20.2
degrees Fahrenheit at day 90. These results
compare favorably with previous research by

Annual bluegrass is much less
tolerant than creeping bentgrass
of cold temperatures.

Beard, who reported significant damage to
annual bluegrass when ice covers were pre-
sent for longer than 75 days (Beard, 1964)
while creeping bentgrass was able to survive
periods of 120 days under ice cover without
damage (Beard, 1965).

Annual bluegrass and creeping bentgrass
plants that were snow covered only main-
tained cold hardiness throughout the 90-day
period. At 90 days, annual bluegrass had a
cold hardiness level of 6.8 degrees Fahrenheit
(compared to -7.6 degrees Fahrenheit at the
start of the experiment) and creeping bent-
grass had a cold hardiness level of -20.2
degrees Fahrenheit (compared to —43.6

degrees Fahrenheit at the start of the
experiment).

The study also examined the effects when
ice was removed after 45 days. It would appear
that ice removal after 45 days was too late to
improve survival of the annual bluegrass, as
there was no improvement in cold hardiness
in the annual bluegrass plants at 60 days. By
75 days, they were dead. Therefore, much ear-
lier removal of ice would be most appropriate
for annual bluegrass, while creeping bentgrass
may not warrant ice removal at all.

Summary
Annual bluegrass is much less tolerant than
creeping bentgrass of cold temperatures and is
particularly susceptible to injury when cov-
ered by ice for a prolonged period. Maintain-
ing dormancy by retaining a snow cover is one
way to prolong the period of acceptable cold
hardiness for annual bluegrass greens.
Current research at the Prairie Turfgrass
Research Centre is focusing on strategies to
remove ice and minimize damage as well as
exploring the effectiveness of winter covers
to protect greens.

Tompkins is the research director at the Prairie
Turfgrass Research Centre in Olds, Alberta,
Canada, and teaches at Olds College.

REFERENCES

Beard, J.B. 1964. “The effects of ice, snow
and water covers on Kentucky bluegrass,
annual bluegrass and creeping bentgrass.”
Crop Sci. 4:638-640.

Beard, J.B. 1965. "Effects of ice covers in the
field on two perennial grasses.” Crop Sci.
5:139-140.

Gao, J. C.J. Andrews and M.K. Pomeroy. 1983.

“Interactions among flooding, freezing and
ice encasement in winter wheat.” Plant
Physiol. 72: 303-307.

Gay, A.P. and C.F. Eagles. 1991. “Quantitative
analysis of cold hardening and dehardening
in Lolium." Annals of Botany 67: 339-345.

Gudleifsson, B.E., C.J. Andrews and H.
Bjornsson. 1986. “Cold hardiness and ice tol-

erance of pasture grasses grown and tested
in controlled environments.” Can. J. Plant Sci.
66: 601-608.

Gusta, L.V, J.D. Butler, C. Rajashekar and M.J.
Burke. 1980. “Freezing resistance of perennial
turfgrasses.” HortScience 15(4) 494-496.

Gusta, L.V, TH.H. Chen and D.B. Fowler.
1983. “Factors affecting the cold hardiness of
winter wheat" in New Frontiers in Winter
Wheat Production. Proceedings of the
Western Canadian Winter Wheat Conference,
June 20-22, 1983, University of
Saskatchewan, Saskatoon, SK. University of
Saskatchewan Printing Services, pp. 1-25.

Gusta, L.V. and D.B. Fowler. 1977. “Factors
affecting the cold survival of winter cereals.”
Can. J. Plant Sd. 57: 213-219.

Gusta, L.V. and D.B. Fowler. 1979. “Cold

TURFGRASS TRENDS  January 2004  wwwi.turfgrasstrends.com

resistance and injury in winter cereals” in
Stress Physiology in Crop Plants. (H. Mussell
and R.C. Staples, eds.). Wiley-Interscience,
New York, pp. 159-178.

McKersie, B.D. and L.A. Hunt. 1987.
“Genotypic differences in tolerance to ice-
encasement, low temperature flooding and
freezing in winter wheat.” Crop Sd. 27: 860-
863.

McKersie, B.D. and Y.Y. Lesham. 1994. Stress
and Stress Coping in Cultivated Plants.
Kluwer Academ. Publ., Dordrecht,
Netherlands.

Tompkins, D.K., J.B. Ross and D.L. Moroz.
2000. “Dehardening of annual bluegrass and
creeping bentgrass during late winter and
early spring.” Agron. J. 92:5-9.





