

















3. Greater injury may occur with longer freez-
ing periods than after short freezing peri-
ods at the same temperature.

4. Greater injury may occur if thawing is
rapid than if it is gradual.

5. Repeated freezing and thawing may in-
crease an injury from which the plant
could have recovered after a single freez-
ing.

6. Injury may increase after thawing if the
plant is exposed to unfavorable condi-
tions.

Based on the above findings, it appears that
the chance for low temperature kill is greatest
when the plant is in a reduced state of hardi-
ness. Dr. Beard warns that the two most critical
times for kill occur during late winter thaws and
just after the spring thaw. Three or four days
of warm temperatures result in a premature
loss of hardiness due to an increase in hydra-
tion levels within the plant. Injury can occur if
this is followed by a severe drop in temperatures
to below freezing. He suggests other factors
which also lead to increased hydration levels
and thus to loss of hardiness.

1. Poor surface drainage.

2. Inadequate internal drainage of soil (com-
pacted soil).

3. Ice or snow accumulations which impair
surface drainage and cause ponding and
submergence of grass crowns.

4, Melting from beneath the ice and snow
layer with no means of draining the water
away from the grass crowns.

TRAFFIC

Traffic damage is becoming more of a con-
cern because of increased winter play and use
of the course for snowmobiling, skiing, and
sledding. Injury is by two means: Mechanical
injury to the grass plant, and injury due to soil
compaction and displacement.

Mechanical injury from traffic includes, first,
the attrition or wearing away of semi-dormant or
dormant turf. Because the turf is not growing
actively, above ground parts are not replaced.
Damage of this type is particularly severe on
partially or completely frozen soil which has no
resiliency. Second, when the soil thaws to a
depth of one-half inch or more and remains
frozen below, traffic at this time can shear-off
plant roots, resulting in death when growth
resumes. Finally, traffic on frosted turf resuits
in cellular rupture within the plant. This is
especially injurious when the grass is in a re-
duced state of hardiness during late fall and
early spring.

Injury of a less direct nature occurs when
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traffic is allowed on partially frozen or saturated
soil. Obvious damage is footprinting and vehic-
ular rutting. Less obvious damage is the soil
compaction which results. This usually manifests
itself as problem areas during the growing sea-
son and increased Poa annua invasion.

DISEASE

The two major diseases of concern in winter
injury are Typhula itoana (grey snow mold) and
Fusarium nivale (pink snow mold). These dis-
eases initiate growth in the fall when the
weather cools and humidity is high. Activity con-
tinues under a snow blanket, particularly if the
ground remains unfrozen, and during cool, wet
periods of spring when the incidence of kKiil is
greatest. The optimum air temperature for de-
velopment ranges between 32 and 45 degrees
Fahrenheit, although Fusarium can remain ac-
tive up to 65 degrees.

Injury in the spring from both diseases is
noticed as small, roughly circular patches of
pale-yellow turf. As the diseases progress, the
patches enlarge and coelesce, resulting in rather
large areas of blighted turf. Typhula will usually
exhibit a characteristic halo of grayish-white
mycelial growth at the margin of the patches,
whereas Fusarium produces a pink mycelium.
Typhula is further distinguished from Fusarium
by the presence of small, reddish-brown fruiting
bodies called sclerotia, roughly the size of a
pinhead, embedded in the leaf and crown tissue
of infected turf.

Recent research in Canada suggests that cer-
tain other fungi in plants can produce gases
that can kill turf, apparently while the plants
are frozen.

DESICCATION

Kill from desiccation is usually a problem in
the Plains States, but the severity of injury
suffered in the Northeast during the 1967-68
winter was the worst in 20 years. It brought
out clearly the need for understanding its de-
structive power so that injury in the future can
be avoided.

Death due to desiccation is actually a wilting
process. Even though the plant is dormant, a
low level of transpiration occurs. If the plant
loses more water than the roots can supply,
the plant wilts or ‘“‘desiccates.” This happens
when the water in the soil is frozen or when
the soil is dry or saturated. Injury is most severe
on high, windswept areas, free from snow.

HEAVING
Heaving damage is caused by alternate freez-
ing and thawing of the soil, which raises the
plant above the soil level. Injury can be severe
if the roots are severed. However, established






Consequently, a great many injuries which
produce browned patches of turf have been
designated ‘Brown Patch’ without recogniz-
ing that the term was intended to apply to
at least two or more types of injury."”

The statement relates to disease problems,
but it could easily be applied to winter damage.
The following characteristics should serve as a
guide to ice, water and suffocation problems in
the winter:

1. The appearance of large irregularly shaped
areas with the greatest damage in the
center and tapering to the sides. If turf
is brown or tan in color, chances are that
the crowns are intact and that new growth
can be initiated later on. If the turf is
grey or ‘‘bleached out,”” it is probably
dead.

2. Ice does not necessarily injure turf. It
may, in fact, help to serve as an insulation
against freezing. “Black Ice” will form
over small depressions in the surface con-
tours during alternate weather conditions
of freezing and thawing. These pockets of
ice serve to stimulate the grass beneath
by serving as a lens during sunny days
by increasing the surface temperatures
from the sun’'s rays. Suffocation of turf
will then take place for lack of oxygen. If
ice melts, subsequent exposure to cold air
or wind will also destroy the stimulated
grass.

3. Water damage is generally associated
with heavy, tight soils. Poorly drained
areas that were problems during the sum-
mer frequently pose a threat to turf in
winter. Waterlogged soils rob turf roots
of needed oxygen for growth. The soil
may freeze into a solid block with no air
spaces. A ‘heaving” effect may then oc-
cur, tearing the turf roots apart and ex-
posing them to surface conditions.

CORRECTIVE MEASURES

Rapid changes in winter weather, especially
during the late winter—early spring transition
period can be very injurious to turf. There may
be combinations of circumstances causing in-
jury that are beyond human control. Therefore,
in addition to preparation for winter problems,
the turf manager should be aware of situations
that may require an immediate remedy. The
following guide lines should be helpful in this
regard:

Provide for good drainage both on surface
and subsurface areas. Prior to winter, all
drains should be checked out and seen
to be functioning properly. Wateriogged
areas should be noted and given special
attention during the winter. If some areas
are consistently wet, then recontouring of
the playing surface and/or installation of
tile lines will be necessary when weather
permits. Where soil conditions are right
for their growth, cool season grasses such
as bluegrasses, bents, and fescues will
generally survive winter very well.

Observe deposits of snow and ice, es-
pecially those that remain into the late
winter. If ice deposits persist longer than
three weeks, they should be removed.
Prolonged ice coverage may cause a build-
up of toxic gases that smother the turf.
Where ice has adhered to grass blades,
mechanical removal may increase turf
injury. In some areas where air tempera-
tures will permit, an early morning water-
ing will help to melt the ice. In other
areas, a light application of topdressing
on greens and tees at one cubic yard per
4,000-5,000 square feet will also help to
melt ice by absorbing the sun’s rays and
increasing surface temperatures. Care
should be taken to avoid applying top-
dressing when turf sod is still frozen.
Wheel tracks compressing the turf will
cause ice crystals to rupture cell tissues.

Winter damage may occur in such un-
likely places as slopes where snow and
ice banks cause water to back up and
suffocate turf. Even well drained soils are
subject to this situation where they re-
main frozen at the time of water accumu-
lation. In such cases, chopping a furrow
into the ice may be necessary. Water
should be dispersed over a large enough
area that it will not collect somewhere
else and duplicate the same problem.
Avoid close mowing in the late fall, es-
pecially bermudagrass in the transition
zone.

Avoid overstimulation of turf during late
fail; it may remain succulent and not
harden over in the first cold days of early
winter.

Make every effort to avoid extremes of
wet or dry soil conditions going into the
winter.

NOTE:

At the 1970 Green Section Conference, Dr. Joseph M. Duich, Professor of Agronomy, Pennsyl-
vania State University presented a most interesting and valuable paper on bentgrass breeding and
the new varieties of bentgrasses available. Dr. Duich’s paper will appear in a later issue of The

Green Section Record.
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Relative Low

Heat Hardiness Category Temperature Hardiness
Zoysiagrass Excellent Creeping bentgrass
Bermudagrass

Tall fescue Good Kentucky bluegrass

Colonial bentgrass Intermediate
Creeping bentgrass

Kentucky bluegrass

Red fescue Poor
ANNUAL BLUEGRASS
Perennial ryegrass

Colonial bentgrass

ANNUAL BLUEGRASS
Red fescue
Tall fescue

Perennial ryegrass
Zoysiagrass
Bermudagrass

Table 2. The relative heat and low temperature hardiness of nine turfgrass species.

environmental stress. This is why it is widely
referred to as a turfgrass weed. In the following
discussions, the tolerance of annual bluegrass
to various environmental stresses will be pre-
sented in tabular form in comparison to the
other commonly used turfgrasses. The compari-
son with other species should offer a better per-
spective relative to the adaption, overall adapta-
tion, and characteristics of annual bluegrass.
The rankings are a general representation for
the species and may vary somewhat with the
particular variety.

Annual bluegrass is inferior to the bermuda-
grasses, bentgrasses and Kentucky bluegrasses
in terms of hardiness to heat stress. (Table 2).
Studies at Michigan State University have shown
that annual bluegrass is killed at temperatures
of 104 to 106 degrees Fahrenheit. The plants
exposed to this level of temperature stress were
maintained under moist conditions. Injury could
occur at even lower temperatures if combined
with a moisture stress. Annual bluegrass also
ranks very poor in terms of low temperature.
Low temperature kill occurs at temperatures 5
to 10 degrees higher than for Kentucky blue-
grass or bentgrass. The soil temperature is of
greater concern than the air temperature.

Annual bluegrass also lacks tolerance to a
deficit or excess of moisture. It has a much
higher wilting tendency than most other com-
monly used turfgrasses (Table 3) and also is
poorer in overall drought resistance (Table 4).
Species with an extensive rhizome system have
greater drought resistance because of their
ability both to survive extended moisture stress
in a dormant state and to initiate new growth
from the rhizomes once favorable moisture con-
ditions reoccur. The relative tolerance of annual
bluegrass to submersion is also inferior to ber-
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Relative Wilting

Category Tendency
Very Low Zoysiagrass
Red fescue
Bermudagrass
Medium Kentucky bluegrass
Creeping bentgrass
Perennial ryegrass
High ANNUAL BLUEGRASS

Table 3. The relative wilting tendency of
seven common turfgrasses.

mudagrass, bentgrass, zoysiagrass and Kentucky
bluegrass (Table 4).

Annua! bluegrass is relatively poorintolerance
to certain of the stresses placed upon it by man.
The relative smog tolerance of annual bluegrass
is very poor (Table 5). This is becoming a prob-
lem in certain urban areas having a persistent
concentration of smog and may become a prob-
lem in other urban areas unless atmospheric
pollution problems are corrected. Annual blue-
grass also ranks low in tolerance to wear created
by man (Table 5). Wear as used in this discus-
sion is the direct effect of the traffic on the
vegetation itself rather than on the soil.

The relative shade adaptation of annual blue-
grass is quite good compared to most turf-
grasses (Table 6). In the cool, humid climatic
regions annual bluegrass is one of the better
species for use on shaded tees on golf courses.
It should be noted that shade adaptation is the
only environmental characteristic in which an-
nual bluegrass ranks favorably compared to
most of the other commonly used turfgrasses.
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Relative Drought

Relative Submersion

Resistance Category Tolerance
Bermudagrass Excellent Bermudagrass
Zoysiagrass Creeping bentgrass

Zoysiagrass
Tall fescue Good Tal!l fescue

Red fescue

Kentucky bluegrass Intermediate

Kentucky bluegrass

Perennial ryegrass Fair ANNUAL BLUEGRASS
Creeping bentgrass Perennial ryegrass
ANNUAL BLUEGRASS Poor Red fescue
Table 4. The relative drought resistance and submersion tolerance of eight commonly used
turfgrasses.
Relative Smog Tolerance Category Relative Wear Tolerance
Excellent Zoysiagrass
Bermudagrass
Kentucky bluegrass Good Tall fescue

Zoysiagrass

Creeping bentgrass Intermediate
Perennial ryegrass

Bermudagrass
ANNUAL BLUEGRASS Poor

Perennial ryegrass
Kentucky bluegrass
Red fescue

ANNUAL BLUEGRASS
Creeping bentgrass

Table 5. The relative smog and wear tolerance of some of the commonly used turfgrasses.

Relative Shade

Category Adaptation
Excellent Red fescue
Good ANNUAL BLUEGRASS

Creeping bentgrass
Zoysiagrass
Tall fescue

Intermediate Colonial bentgrass

Perennial ryegrass

Poor Kentucky bluegrass
Bermudagrass

Table 6. The relative shade adaptation of
nine commonly used turfgrasses.
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SOIL ADAPTATION

Annual bluegrass is best adapted to moist,
fine textured, fertile soils having a pH in the
range of 5.5 to 6.5. It is capable of persisting
in coarse textured, droughty soils if irrigated
frequently. Annual biuegrass will not tolerate
waterlogged soil conditions for an extended
period, particularly if this occurs in conjunction
with high temperature stress. The tolerance of
annual bluegrass to compacted, poorly aerated
soil conditions is excellent (Table 7). This is
common condition on greens, tees and fairways
subjected to intense traffic, The ability of annual
bluegrass to persist under compacted soil con-
ditions and the lack of compaction tolerance of
other turfgrasses such as creeping bentgrass is
a significant factor in the encroachment of
annual bluegrass into intensely used turfgrass
areas (Table 7).
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Category Turfgrass Species

Good Bermudagrass
Zoysiagrass
ANNUAL BLUEGRASS
Perennial ryegrass

Red Fescue
Kentucky bluegrass

Intermediate

Poor Creeping bentgrass

Table 7. The relative tolerance of seven com-
monly used turfgrass species to soil
compaction.

Cultural Requirements

Annual bluegrass requires a high intensity
of culture for most favorable growth. Specfic-
ally, a cutting height of 0.7 inch or less is most
favorable in order for annual bluegrass to
achieve optimum aggressiveness and competi-
tive ability (Table 8). This species is capable of
forming a high quality turf at cutting heights as
low as 0.2 inch. The fertilization requirement of
annual bluegrass is also quite high with the
nitrogen requirement ranging from 0.2 to 1
pound per 1,000 square feet per growing month
(Table 8). The growth and encroachment of an-
nual bluegrass is also stimulated by frequent
irrigation which maintains moist soil conditions.
Intense fertilization and irrigation will tend to
stimulate thatching of annual bluegrass. If a
thatch is permitted to develop, the tolerance to
heat, cold, drought and disease stresses will be
reduced even more.

It should be noted that the cultural and soil
conditions under which annual bluegrass is fav-
ored are similar to those associated with golf
greens and tees. The golf course superintendent
can vary the turfgrass cultural practices to

either encourage or restrict the encroachment
of annual bluegrass. Judicious irrigation, insur-
ing good internal drainage of the soil, and use
of cultivation practices such as coring, grooving
or slicing will provide environmental conditions
which tend to discourage annual bluegrass and
promote the development of a desirable turf-
grass species.

Annual bluegrass is best described as oppor-
tunistic. It takes advantage of the weaknesses
in the available turfgrass varieties and errors
in the cultural program. Studies at Michigan
State University have shown that annual blue-
grass can be controlled through proper cultural
practices and the use of a vigorous, adapted
variety. Over a period of eight years the en-
croachment of annual bluegrass into certain
strains of creeping bentgrass mowed at 0.25
inch has been prevented without the aid of
herbicides. The encroachment and spread of
annual bluegrass has been avoided through the
use of a vigorous growing, disease resistant
bentgrass variety and cultural practices which
prevent turfgrass thinning caused by environ-
mental stress or turfgrass pests. In contrast,
adjacent plots of weaker bentgrass varieties
have been prone to periodic injury and thinning
which has resulted in the encroachment of an-
nual bluegrass (Figure 2). Over a period of seven
years the annual bluegrass population in the
plots of inferior bentgrass varieties has in-
creased to as high as 92 per cent. These data
illustrate that annual bluegrass is an oppor-
tunistic type which takes advantage of the weak-
nesses in the turfgrass variety.

Annual bluegrass invades the turf at its weak-
est point. Most commonly the penetration point
in the turf has resulted from (a) the effect of
environmental stress caused by heat, cold or
drought, (b) the action of bluegrass pests such

Cutting Height

Requirement Category

Nitrogen Fertility
Requirement

Tall fescue High
Kentucky bluegrass
Perennial ryegrass

Red fescue Intermediate
Zoysiagrass Low
Bermudagrass

ANNUAL BLUEGRASS

Very low
Creeping bentgrass

Creeping bentgrass
ANNUAL BLUEGRASS
Bermudagrass

Kentucky bluegrass
Perennial ryegrass

Tall fescue
Red fescue
Zoysiagrass

Table 8. The relative cutting height and nitrogen fertility requirements of eight commonly used
turfgrasses.
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cutting heights. Thus a neater appearance will
be achieved with moderately close mowing.

Fylking has performed very well in mixtures
with other bluegrass varieties as well as with
the improved varieties of fine fescue and peren-
nial ryegrass.

PENNSTAR Kentucky bluegrass was released
by Pennsylvania State University in 1967 after
extensive testing as PSU K5 (47). This variety
originated as a single, apomictic plant obtained
from the progeny of a selection made by Pro-
fessor H. B. Musser. Seed production problems
are currently delaying the widespread avail-
ability of this promising variety. Pennstar has
good resistance to Helminthosporium and stripe
smut, the two diseases which normally cause
the greatest amount of damage to Kentucky
bluegrass. The variety is also moderately resist-
ant to current races of stem rust. It is fairly
susceptible to powdery mildew and dollar spot.
Pennstar produces an attractive, fairly dense,
tightly knit, moderately low-growing turf of a
rather fine texture and a pleasing, moderately
dark green color. It has medium tolerance of
close mowing and performs very well in mix-
tures.

WARREN'S A-20 Kentucky bluegrass has bet-
ter overall disease resistance than any other
commercially available variety. it has good to
excellent resistance to Helminthasporium, stripe
smut, powdery mildew and stem rust. Turf pro-
duced by this variety is attractive, dense, up-
right, of medium leaf width and has a pleasing,
moderately dark green color. A-20 will tolerate
rather close mowing. Unfortunately, this elite
variety will not reproduce true by seed and must
be propagated vegetatively like Zoysia.

WARREN'S A-34 Kentucky bluegrass might
well be considered for moderately shaded areas
on the golf course. This is a vigorous, disease
resistant variety with significantly better shade
tolerance than other Kentucky bluegrass varities
currently available. When maintained at a two-
inch mowing height, this variety will tolerate
shade up to 65 per cent of the daylight hours.
A-34 also does rather well in full sun, producing
a very aggressive, dense, medium green turf
with moderately good resistance to Helminthos-
porium leaf spot, stripe smut, stem rust and
powdery mildew. A-34 is primarily available as
sod, but seed supplies are being increased.

SODCO Kentucky bluegrass was released by
Purdue University in 1967. A moderate amount
of seed should be harvested in 1970. Sodco is
a blend of four selections similar in growth
habit and general appearance. They are Anheu-
ser Dwarf, RI-10, AQ-6, and 16-BB-56. All have
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an attractive, rich, dark green color, wide leaves,
and a rather decumbent growth habit with a
fairly slow rate of vertical growth. They also
appear to have good resistance to the Helmin-
thosporium leaf spot and crown rot disease
and should be able to tolerate rather close
mowing.

KENBLUE Kentucky bluegrass represents an
attempt to reconstitute the type of Common
Kentucky bluegrass formerly harvested from the
naturally occuring bluegrass stands of the fa-
mous blue-grass region of Kentucky. Currently,
much of the seed being sold as Common Ken-
tucky bluegrass is actually seed of a single
strain variety such as Newport which has been
selected for its high seed production potential.
Kenblue is an erect growing variety with a rapid
rate of vertical growth and is highly susceptible
to the Helminthosporium leaf spot and crown
rot disease. It will not tolerate the close mowing
desired on golf course fairways and tees. Never-
theless, it does have considerable genetic diver-
sity and has a record of proven performance for
use on areas receiving high cut and moderately
low fertility. It appears to be especially valuable
for use in the southern part of the bluegrass
region.

Bluegrass Varietal Blends

We expect a great deal in performance from
our turfgrass varieties. They are grown on a
wider range of soil, environmental and use situa-
tions than any other plant species. We want
our turfgrass plantings to be permanent and
durable as well as attractive and easy to main-
tain. All varieties can be expected to show some
weakness as plantings become widespread and
stands become aged. A diversity of many good
varieties should offer considerable protection
against unforeseen problems. Many of the elite
bluegrass varieties of the future will undoubtedly
be blends of complimentary components. Cur-
rent research at Rutgers strongly suggests that
a variety with combined resistance to both the
Helminthosporium and stripe smut diseases
should be included in all bluegrass blends used
in regions where these diseases may be a prob-
lem.

New Perennial Ryegrass Varieties

Perennial ryegrass is a cool-season grass best
adapted to maritime climates. It is most useful
in places such as Britain, the Netherlands, and
New Zealand, where winters are mild and sum-
mers moist and cool. As ryegrass is brought into
more continental type climates, increasing prob-
lems with poor winter or poor summer per-
formance may be encountered. No ryegrass

23
























