The essence of turfgrass management is to provide a quality golf course surface
throughout the playing or growing season. In most instances a specific period or time
exists where management of a golf course green or fairway is difficult. This period
often revolves around an environmental stress period defined primarily by

temperature but often in conjunction with a moisture stress.

The combination of high soil temperature and saturated soil conditions resulted in a
rapid loss of turf.

Identifying the stress period is the centrepiece for developing a pre-stress
conditioning management programme. The ‘beginning of the season’ should be
thought of as occurring after the stress period, and the ‘end of the season” is when
the turf is under stress. Management practices need to be considered in the context
of how they might influence, positively or negatively, turf growth during the stress
period. In other words, what are the practices that we will implement prior to the
stress period that will enhance survival once the stress period arrives?

By definition, stress subjects the turfgrass plant to a hardship. Each stress
induces a strain or injury, which results from direct or indirect physical or metabolic
alterations. A temperature stress occurs when plants are exposed to temperatures
above or below their optimum range.

TEMPERATURE STRESS

The optimum range for cool season turfgrass shoot growth is 15-24°C and
10-18°C for root growth. In contrast, the optimum temperature for warm season
turfgrass shoot growth is 27-35°C and 24-29°C for root growth. Outside these
ranges the turfgrass is under some degree of strain or injury.

The three major temperature stresses are freeze stress, which occurs at
temperatures at or below 0°C; chilling stress, which occurs at temperatures below
12°C but above freezing; and heat stress, which occurs above the optimum for
growth, and is typically lethal above 45°C. Freeze and chilling stress are primarily
concerns on warm season turfgrasses. Freeze stress however can occur to annual
meadowgrass (Poa annua) and to a lesser extent perennial ryegrass (Lolium perenne
L.). Heat stress most commonly is a concern on cool season grasses and is greatly
affected by the temperature and the duration of the stress.

HIGH TEMPERATURE STRESS

Elevated temperatures have a physiological and morphological impact on cool
season turfgrasses. Creeping bentgrass studies have found that increasing
temperatures above the optimum reduced net photosynthetic rates, decreased leaf
chlorophyll content, increased respiration, and reduced carbohydrate content

14 Greenkeeper International

Continue
to learn

turfgrass growth (Ref 8). The visual impact to the turf quality caused by these
changes is a reduction in growth, and a decline in turf density. In addition, under
high temperatures, traffic or wear stress is more evident due to the fact the turf
cannot recover quickly.

At supraoptimal temperatures beyond what we would consider chronic (37 to
40°C) protein denaturation or unfolding can occur causing death or severe injury to
the plant (5). In this case a special group of proteins, called heat shock proteins, play
a role as “chaperones’ that help prevent the unfolding of proteins once they are
exposed to high temperatures (5). These proteins may also help explain genetic
differences in heat tolerance among cultivars of creeping bentgrass (12).

Soil temperature is considered more detrimental to turfgrass growth than air
temperatures (15). As described previously the optimum soil temperature range for
cool season turfgrass growth is narrow, 10-18°C. However root growth can occur
below the optimum until soil temperatures reach freezing (0°C). Conversely,
increasing soil temperatures above the optimum can cause root growth to decline
and death to occur (9). A temperature threshold for root decline and death occurs
once average soil temperatures rise above 21°C. The total root loss can exceed 50%.

A high soil temperature in conjunction with a high soil moisture content level
can cause a more rapid turf loss than soil temperature alone. Soils that have poor
internal drainage, and are compacted, become oxygen deficient upon saturation.
The lack of oxygen causes a rapid decrease in root respiration, contributing to rapid
root loss. Under these conditions, root loss can occur in a matter of hours.

IDENTIFYING THE HIGH TEMPERATURE STRESS PERIOD

Radiant energy (sunshine) is the major contributor to leaf temperature. Under
sunny, clear days, no wind, and adequate soil moisture levels where transpiration
rates are not limiting, the canopy temperature is often 7 to 10°C warmer than the
ambient air temperature (4). For example, if the ambient air temperature were 32°C
the canopy temperature would be approximately 41°C.

If a cloud were to pass in front of the sun the canopy temperature would drop 5
to 8°C. Thus, on cloudy days under the same conditions of no wind, and adequate
soil moisture, the canopy temperature would be similar to the ambient air
temperature.

A slight breeze (~8kph) across the turf canopy can reduce the temperature 4 to
7°C under sunny clear conditions. In shaded or restricted areas, where little air
movement occurs, promoting air movement through cutting or trimming trees or
installing fans can help reduce the canopy temperatures and thus reduce the
potential for canopy temperature build-up.

In the above situations, moisture levels were not limiting. However, if the
turfgrass plants cannot meet the transpirational needs, leaf temperatures can raise
11°C or higher beyond the ambient air temperature. Localised dry spots often have
canopy temperatures of 49°C due to the lack of moisture present to the turfgrass
plants (3).

As previously mentioned, average daily soil temperatures above 21°C can result
in significant root loss. For onsite measuring of soil temperatures, many of the new
irrigation systems come with weather stations that have the capability for measuring
and recording soil temperatures. Soil temperatures can also be measured with a
relatively inexpensive soil temperature probe placed on a nursery or practice green
to a 5¢cm depth. Reading the soil temperature between 11 and 12 noon will provide
a rough measure for the average daily soil temperature.
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Heat stress normally manifests itself in association with under stresses like increased
susceptibility to moisture stress, and increased susceptibility to pests.

Once average daily soil temperatures remain above 21°C that creeping
bentgrass and/or Poa annua green or turf is under temperature stress. In a recent
study, the combination of syringing and fans not only reduced canopy temperatures,
as mentioned above, but also reduced soil temperatures (2,7). Although, decreasing
soil temperatures from supraoptimal conditions by a few degrees may enhance
shoot/root rations (16), root growth does not increase until soil temperatures are
optimum for root growth.

PRE-STRESS CONDITIONING FOR SUMMER STRESS

Developing a hardy plant that can sustain prolonged periods of summer stress is
the goal of pre-stress conditioning. Obviously, a criterion for pre-stress conditioning
is knowing when the stress period occurs, as described above. Pre-stress
conditioning practices should focus on enhancing the health of the turf including
improving its growing environment (1).

Pre-stress conditioning practices include providing adequate soil aeration and
surface organic matter management through coring, topdressing and vertical
mowing. Correct fertilisation programmes and mowing heights would also be
practiced to enhance turfgrass growth going into the stress period. However, a
couple of specific practices that enhance the condition of the turfgrass plant prior to
stress are irrigation and the use of exogenous plant hormones/growth regulators.

MOISTURE STRESS AS A PRE-STRESS CONDITIONER

Prior to summer high temperature stress, plants undergoing moisture stress like
annual bluegrass, perennial bluegrass, and Kentucky bluegrass are more heat
tolerant than those not exposed to moisture stress (14). Drought pre-conditioned
plants tend to accumulate ion solutes, specifically potassium, at higher levels during
periods of high temperature stress compared to non-drought stress plants (10).

The higher ion concentration allows for a relative higher osmotic adjustment
potential during summer stress. In addition, a deeper more extensive root system
develops prior to the period of high temperature stress (10). When irrigation is
needed, deep infrequent irrigation is the most desirable for hardening turfgrass
plants off for the summer.

PLANT REGULATORS AND HORMONES PRE-STRESS CONDITIONERS

Plant regulators are a small group of hormones that in small amounts can affect
membrane functions, enzyme activity, and gene expression in plants. Cytokinin is
one of the plant hormones that plays an important role and it can promote axillary
bud growth by overriding auxin affects.

Thus, this interaction with auxin is a means of balancing shoot/root ratios.
Cytokinin is also important in retarding leaf senescence or yellowing during periods
of high temperatures. It probably plays a roll through stimulating RNA and protein

synthesis and delaying degradation of chlorophyll.

Research has found that applications of cytokinin to the root system (cytokinins
are synthesized in the root tips and transported via xylem) alleviated leaf senescence
and improved turf quality (13). Further research has found that cytokinin containing
seaweed and humic acid extracts increased plant cytokinin levels possibly leading to
improved drought tolerance (17).

Along these lines certain classes of fungicides exhibit cytokinin-like properties in
preventing leaf senescence (11). In the late 1970's and 1980's it was postulated that
one of the reasons Poa annua fairways survived summer stress was that fungicides
used to control anthracnose also acted as a leaf anti-senescence agent by inducing
cytokinin-like affects. In this case, fungicide applications were applied preventatively
prior to the summer stress period.

Trinexapac-ethyl (Primo), a plant growth regulator, increases levels of zeatin
riboside, one of the more prevalent and bioactive cytokinins (6). The increased plant
levels potentially could increase the heat and drought tolerance of the turf. To get
the desired effect multiple applications need to be initiated prior to the stress period.

CONCLUSION

As the intensity of turfgrass management increases, the susceptibility of the turf
to environmental stresses increases. Managing turf successfully during stress periods
depends increasingly on the condition of the plant going into the stress. Our
understanding of how and why pre-stress conditioning factors may help is still in the
early stages. However, it is clear that under intensive management, these factors will
play a greater role.
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