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Heat stress is a major factor in the decline of bentgrass during the summer 
months. Bentgrass grows best during the spring and fall in hotter regions of 
the country where this grass is used. Under natural conditions, where the grass 
is allowed to grow tall and flower, it would go dormant during hot-dry 
weather. When irrigated, mowed and stimulated to grow throughout the 
summer, bentgrasses are under severe stress from heat and diseases. Factors 
involved in this summer stress are discussed below. 
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North Carolina — Similar 
to other regions in the U.S. 

To make this article relevant to most 
regions of the country, I should indi-
cate my experience with bentgrass 
under the wide range of environmental 
conditions that occur in North 
Carolina. In the northwestern portion 
of the state, bentgrass is grown under 
cool conditions where diseases are the 
major summer problem with heat 
stress being a problem only occasion-
ally. These conditions are similar to 
those in the northern portions of the 
United States where bentgrass is grown 
on greens, fairways and tees of many 
courses. Golf courses in this region 
usually close in November and open 
for play again in March. Conditions 
in the southeastern portion of the 
state, where bentgrass is grown on 
many golf greens, are similar to condi-
tions throughout the humid southern 
United States. Heat stress is a major 
problem throughout this region every 
year. The central portion of North 
Carolina is in the transition zone along 
with much of the Midwest, where long 
periods of hot weather occur in most 
years. Problems occur on bentgrass in 
some areas of North Carolina that are 
similar to all regions of the country 
except the dry Southwest. 

Summer decline and 
temperature 

I have used the term summer decline 
to describe the problem that develops 
on bentgrass turf during hot and 
humid conditions. This problem 
involves diseases and other environ-
mental stresses that cause the quality of 
bentgrass turf to decline during the 

summer. Bentgrass does not grow well 
under these conditions and root 
systems become shallow due to physio-
logical and pathological problems. 
Why does bentgrass grow poorly 
during hot and humid weather? 
Research reports indicate the optimum 
air temperature for shoot growth of 
cool-season grasses is 60° to 75° F and 
that optimum soil temperature for root 
growth is 50° to 65° F. Shoot growth 
ceases when air temperature is above 
90° F and root growth ceases when soil 
temperature is above 77° F. Bentgrass 
was killed when exposed to 122° F for 
144° minutes (Wallner, 1982). Injury 
from heat is often closely associated 
with water stress (DiPaola, 1992). 

These temperatures are often exceeded 
on bentgrass turf throughout the 
summer in the southern region where 
this grass is grown. To measure canopy 
temperatures on bentgrass turf I use a 
hand-held infrared thermometer pur-
chased from Omega in Stamford, CT 
(1-800-826-6342) for about $300. 
During mid-afternoon on bright 
sunny days, the canopy temperature of 
"healthy looking" bentgrass is usually 
2° to 4° F higher than the air tempera-
ture. For example, when the air tem-
perature was 92° F at 2 p.m., the 
canopy temperature was usually 94° to 
96° F. Temperatures usually were 100° 
to 105° F when wilt symptoms such as 
foot printing started to appear. When 
blue wilt symptoms became evident, 
canopy temperatures were usually 110° 
to 115° F. The temperature of the turf 
increases because the plants cannot 
take up enough water to maintain 
cooling through transpiration because 
of shallow roots or lack of moisture 
in the soil. Temperatures as high as 
126° F have been measured on bent-
grass during advanced stages of wilt on 
hot-sunny days in North Carolina. 



During mid afternoon in the summer soil tempera-
tures measured at a 2 inch depth have been close to 
the air temperature, about 92° F for a typical day on 
a bentgrass golf green. Soil temperatures at a 4 inch 
depth were lower than at the 2 inch depth. The 
morning following a hot day, soil temperatures at a 
2 inch depth have been observed to be above 80° F 
even when the night air temperatures remained in 
the 70's. Therefore, considering the temperatures 
under which shoot and root growth ceases for cool 
season grasses, long periods of time can occur 
throughout the hot, humid regions when tempera-
tures exceed conditions favorable for the growth of 
bentgrass. Available water and air movement are 
related to cooling of bentgrass leaves and that will be 
discussed under management of heat stress. 

Heat affects energy and plant 
growth 

Bentgrass turf growing on golf courses captures 
light energy and uses it to maintain and produce 
new leaves, stolons and roots. Photosynthesis is the 
process used by plants to capture light energy and 
assimilate C 0 2 into carbohydrates. Under high 

temperatures, this process is less efficient in cool-
season grasses than in warm-season grasses. The 
pentose phosphate cycle, or C - 3 pathway, that 
occurs in cool-season grasses, is accompanied 
during high temperatures by photorespiration that 
uses oxygen and liberates C 0 2 at the same time. 
The efficiency of energy capture and therefore C 0 2 

fixation, decreases during high temperatures and 
the maintenance and growth of bentgrass turf 
declines. The warm-season grasses have a C - 4 
pathway for C 0 2 assimilation which is not accom-
panied by photorespiration and is more efficient in 
warmer weather (Hull, 1992). The difference in 
efficiency of energy utilization between C - 3 and 
C - 4 type grasses can be seen in the rapid growth 
of crabgrass or the invasion of bermudagrass 
(both C - 4 grasses) on bentgrass golf greens during 
the summer (Hull, 1992). This less efficient photo-
synthesis during high temperatures contributes to 
heat stress on bentgrass by causing poor growth and 

the inability to recover from other stresses such as 
diseases and traffic damage during the summer. 

Soil conditions and heat stress 

Soil conditions, management practices and micro-
climatic conditions have also been associated with 
the summer decline problem by increasing the 
damage from heat stress. Poor soil drainage due to 
layers in the soil cause poor root growth and 
encourage root diseases. Heavy soils that hold too 
much water and are low in oxygen are known to 
contribute to damage from diseases and heat stress 
in bentgrass turf. High sand-content greens often 
develop layers of different types of soil and thatch, 
which interfere with the movement of water 
through the soil. High sand-content greens based 
on USGA construction specifications usually 
develop a layer of thatch and soil top topdressing 
I to 1 inch thick at the surface. This layer is usually 
needed to stabilize the soil surface and to provide 
the desirable ball holding properties when a golf ball 
lands on the green. This finer layer of material over 
a course sand prevents normal drainage and water 
does not move into the sand below until the layer is 
saturated. This layer holds an excessive amount of 
water around the stolons, crowns and roots of the 
plants, creates conditions favorable for disease 
causing fungi, and can cause a deficiency of oxygen 
in the thatch layer and in the soil mixture below. 

The lack of oxygen causes an anaerobic condition 
around the roots and roots can "drown" in a short 
time during hot weather. Live and actively growing 
white roots are usually limited to the top \ to 1 inch 
of the soil mixture during late summer. The severity 
of the anaerobic condition that can develop in 
thatch layers was observed in the fall of 1994 in 
North Carolina on a golf green growing on native 
soil that was not properly drained. The superinten-
dent called and described raised areas on his greens 
following heavy rains. The areas were raised about 
1 inch and were from 6 inches to 1 foot in diam-
eter. When the raised areas were cut with a knife, air 
came rushing out and the turf could be pressed 
down level with the surrounding surface. The air in 



the soil was displaced by the large amounts of water 
and was trapped under the air-tight layer of sod. This 
condition had developed within 2 months after aeri-
fication with \ inch hollow tines. This would prob-
ably not occur on a USGA type green because of the 
good drainage, however, the anaerobic condition can 
occur in the thatch layer at the surface if frequent aer-
ification is not used. 

The black layer conditions that have frequently 
been described on greens are caused by anaerobic 
conditions in the soil. The lack of oxygen and toxic 
chemicals that result can kill roots or cause very 
poor root growth. The black layer becomes visible 
when sulfur is reduced under anaerobic conditions; 
whereas, sulfur does not appear black under aerobic 
conditions when sufficient oxygen is present. This 
condition can develop on some high-sand-content 
greens due to water retention in organic layers over 
sand or where water collects in low areas of greens. 
Moisture levels as high as 50% have been measured 
on these greens where water collects until enough 
hydraulic pressure develops to force the water into 
the sand layer below. 

High soluble salts have frequently been associated 
with bentgrass decline during heat stress. The salts 
can be from excess fertilizer or from irrigation 
water containing high salts. Symptoms of decline 
during hot weather often occur as yellowing strips 
every 12 to 15 feet across a green. This pattern is 
due to overlapping fertilizer applications from a 
rotary spreader. The water is bound more tightly 
to the salt and produces physiological drought 
stress or the salt draws water from plant cells 
and "burns" the roots. The damaged roots are 
more susceptible to root rot fungi and some 
Pythium species are encouraged by high salt levels. 
The top \ inch of sod and soil from a cup cutter 
plug can be used to analyze for soluble salts. 
Increased root rot and decline in turf quality have 
been observed in samples containing over 500 ppm 
of salts in this top layer. The salt level is higher in 
the top \ inch than in the soil or sand below. This 
is due to the accumulation of salt at the surface 
when water evaporates and the thatch layer appears 
to hold salt more tightly than soil below. This level 
of salt is lower than that reported as damaging to 

bentgrass, however, those reports were not based on 
soil but on a water solution. The damage to roots 
from the salt and Pythium root rot increase turf 
injury from heat stress because the poor root 
system is less able to absorb sufficient water. 

Disease and heat stress 

Diseases have a major role in the summer heat 
stress complex. Pythium species are usually isolated 
from bentgrass plants that are declining during the 
summer. We have identified 33 species of Pythium 
from bentgrasses in North Carolina and other 
researchers have identified many of the same 
species in other regions of the country. Pythium 
species can be isolated from roots during all times 
of the year, even in the fall, winter and spring when 
bentgrass does not show symptoms of root rot or 
stress. Recent research has shown that in laboratory 
tests many of these species do not cause disease on 
bentgrass seedlings (Abad, 1995). Some of these 
species that do not cause disease appear to help 
protect the plants from some of the more patho-
genic species. Therefore, the presence of a Pythium 
species does not mean that Pythium root rot is the 
primary cause of bentgrass decline. The species 
present must be identified, which is often difficult 
to do, before we can say that Pythium root rot is 
the primary problem. 

Rhizoctonia brown patch also is often associated 
with heat stress problems. During the summer 
brown patch may weaken the bentgrass plants and 
increase the susceptibility to heat stress. Some 
fungicide evaluations, discussed later, indicate that 
Rhizoctonia diseases in combination with 
Pythium diseases may be involved in the summer 
decline of bentgrass. 

Micro-climate and heat stress 

Micro-environmental conditions on golf courses 
can contribute to heat stress problems. Golf greens 
that are surrounded by trees usually have more 



summer stress problems. Shade in early morning 
has been associated with weaker bentgrass. 
However, some shade on the west side during the 
summer after 3 p.m. appears to help reduce heat 
stress. Trees on the southwest side of a green can 
block the wind, which is usually from this direction 
during very hot periods, and contribute to heat 
stress. Wind does not blow over the surface of 
these greens during the summer to cool and dry the 
turf. The wind breaks up the humid boundary layer 
of air on the surface of the green resulting in 
increased evapotranspiration which causes more 
cooling and less disease. Bentgrass often grows 
better in western regions of the country where low 
relative humidity even with high day time temper-
atures promote increased evaporative cooling. In 
dry climates, night temperatures are also cooler. 
The removal of trees that shade the green in the 
morning or block the wind from the southwest will 
help to reduce summer stress problems. It is often 
difficult to obtain approval to remove trees to help 
the grass. In cases where the trees are crowding one 
another, their removal has been approved to 
improve the growing conditions and health of the 
remaining trees. Fans have been installed around 
greens where wind movement is restricted with 
excellent results in improved turf quality. Research 
projects at N. C. State University have shown that 
fans can reduce the canopy temperature of bent-
grass greens several degrees during the afternoon. 
Soil moisture levels were also reduced which would 
provide better conditions for root growth during 
high temperatures. Wind speeds greater than 
2 mph 1 inch above the turf canopy gave the best 
results (Taylor, 1995). Fans should be run 24 hours 
a day throughout the summer for maximum 
benefit. Less morning dew and disease were 
observed on bentgrass in experimental areas where 
fans were run continuously. 

Management practices to help bentgrass tolerate 
high temperature stress should deal with many of 
the problems discussed above. Practices to 
encourage root growth during the summer and to 
reduce drought stress should be used. This involves 
utilizing good soil mixtures, aerification, proper 
irrigation, fertilization and fungicides. Aerification 
of bentgrass in the spring, early summer and fall 

with hollow tines will improve oxygen relations in 
the soil and help root systems to grow. Aerification 
throughout the summer with solid tines has helped 
to reduce summer stresses in North Carolina. 
Open holes in the thatch layer help to avoid the 
anaerobic conditions that can kill roots and inhibit 
their growth during periods of high temperature. 
Also, the temperature in open holes and the soil 
surrounding them should be lower at night than in 
a sod without aerification holes. Lower tempera-
tures in aerification holes may explain how new 
roots can grow in these holes even when soil tem-
peratures remain above the maximum for the 
growth of bentgrass roots. Night time temperatures 
usually are below 75 °F in regions where bentgrass 
is grown on greens. 

Irrigation and summer decline 

Modification of irrigation practices during the 
summer will help bentgrass tolerate heat stress. 
Infrequent but deep irrigation should be used 
during the spring and fall when bentgrass grows 
well. When root systems are declining and are 
shallow during the summer, light-frequent irriga-
tion should be applied as needed. In the Southeast 
during the summer the active roots on bentgrass 
plants are not more than 2 to 3 inches deep. Hand 
syringing should be used on days when the bent-
grass shows symptoms of heat stress. An infrared 
thermometer would be useful to measure the 
canopy temperature and determine where and 
when light irrigation is needed. Recent research at 
N. C. State University has shown that sufficient 
water should be applied as often as needed to wet 
the crowns of the plants. 

Bentgrass plants can continue to take up water and 
water deficits are less when crowns are wet than 
when just enough water is applied to wet the leaves 
(Bennett, 1996). Water should be applied as 
needed to bentgrass turf and avoid "making the 
bentgrass tough" during periods of high tempera-
ture. Superintendents have been taught to keep the 
bentgrass as dry as possible to help avoid diseases. 
I think you should apply more water if needed to 



keep the plants alive and avoid the very high tem-
peratures that can occur in bentgrass plants during 
advanced stages of wilt in the summer. A simple 
statement of this principle is that "it is better to 
have wet live bentgrass plants that can get disease 
rather than dry dead plants." 

Fertilizer management and stress 

Applications of small amounts of fertilizer 
throughout the summer have been observed to 
increase summer survival. To encourage some 
growth during the summer, superintendents are 
applying I to 10 pound of N, P, and K per 1,000 
square feet about every 10 to 14 days on high-
sand-content greens. This method insures that 
nutrients are present in the top ¡ inch of thatch 
and soil where new roots are growing during the 
summer. Soil tests may indicate that sufficient 
nutrients are present in the soil, but these nutrients 
may not be available in the high organic thatch 
layer where the short live roots are growing. Tissue 
analysis may provide more useful information 
about nutrient requirements during heat stress 
than soil tests. The rapid analytical techniques that 
are now available can tell you in a few hours if the 
turf needs certain nutrients. 

Fungicides can reduce 
summer decline 

Disease management is important to help reduce 
high temperature stress in bentgrass turf. Normal 
fungicide applications in the spring will help the 
bentgrass go into the summer in a healthy condi-
tion. The use of the group of DMI (demethylation 
inhibitors), or sterol inhibitor, type fungicides 
during the summer should be monitored carefully. 
This group of fungicides used at high rates can 
cause additional stress and reduce the quality of 
bentgrass during the summer. 

Applications of fungicides to control Pvthium 
species on a bentgrass green may not result in the 
improvement of turf quality during the summer. In 
1992, it was discovered that the combination of 
Aliette® plus Fore® fungicides increased summer 
survival and improved the quality of bentgrass on a 
poorly drained soil (Figure 1; cover). The effective-
ness of the fungicides was based on turf quality, 
which may indicate Pvthium root rot control, 
percent brown patch reduction and temperature 
moderation of the turf. This treatment resulted in 
improved turf quality over other fungicide applica-
tions and the bentgrass was darker green and 
growing during the summer stress period. The 
canopy temperature of the plots with good turf 

E V A L U A T I O N O F F U N G I C I D E S F O R PYTHIUM-1992 

Treatments oz/1000 ft2 Turf Quality Turf Temp. Disease Control (%) 

Aliette 80WP + Fore 80WP 4 + 8 8.0 a 98.1 100 a 
Fore 80WP 8 5.5 b 100.1 61.5 ab 
Aliette 80WP 4 5.5 b 100.3 43.8 be 
Aliette 80WP + Koban 30WP 4 + 3 4.8 be 100.0 55.2 ab 
Fore 80WP + Subdue 2EC 8 + 2 4.5 be 101.3 70.8 ab 
Koban 30WP + Subdue 2EC 3 + 2 4.3 be 102.8 40.6 be 
Koban 30WP 3 3.8 c 100.6 25.0 be 

Check — 4.0 c 102.8 0.0 c 

Table 1. Evaluation of fungicides for Pvthium root rot control in 1992. Turf quality is rated from 1 to 9 with 9 being 
excellent turf quality. Turfquality is an indication of Pvthium root rot and brown patch control. Disease Control (%) 
is the control of brown patch by the fungicides. 



quality was 3° to 4° F lower than turf treated with 
other fungicides on very hot days. This lower tem-
perature indicates that the bentgrass probably had 
a deeper root systems and could take up more 
water during heat stress (table l) . 

Recent research has shown that the Aliette® plus 
Fore® fungicides in addition to controlling 
Pythium and brown patch, also provide nutrients 
to the bentgrass. Phosphorus, sulfur, manganese, 
zinc and copper are in this combination and levels 
of these nutrients were higher in leaves of bentgrass 
from treated plots during the summer. A systemic 
source of P is provided by Aliette® and the other 
nutrients are present in the Fore®. Statistical corre-
lations indicated that P is the major nutrient asso-
ciated with improved turf quality and growth 
during hot weather (Dorer, 1995). The best results 
were obtained with this fungicide combination 
when applications of 4 ounces of Aliette® and 
8 ounces of Fore were started about June 15 and 
applied every 2 weeks throughout the summer. The 
fungicides were applied in 2.5 gallons of water per 
1000 square feet and were not watered into the soil. 
Other mancozeb fungicides that did not contain 
the blue pigment present in Fore® also did not 

improve turf quality as much as Fore® when used in 
the combination. More recent results have shown 
similar improvements in turf quality when combi-
nations of Aliette® and DaconiP are used (table 2). 

In summary, heat stress is the major factor that 
causes summer decline of bentgrass in hot and 
humid regions of the country. Many factors can be 
involved in heat stress. Some factors that con-
tribute to damage, such as shallow roots, may occur 
many days or months before the decline or damage 
to turf from heat stress becomes evident. A man-
agement program that encourages root growth 
(Hull, 1996) and avoids drought stress will help to 
reduce the damage to bentgrass from heat stress. 

Leon T. Lucas, Ph. D. Professor of Plant Pathology at 
North Carolina State University. He holds a B. S. Degree 
from N. C. State University and a Ph. D. from the 
University of California at Davis. He has worked with turf 
diseases in North Carolina for over 25 years. He has exten-
sion responsibilities for turf diseases working with turf 
managers throughout North Carolina. He teaches a course 
on diseases of ornamentals and turf in the 2 year 
Agricultural Institute at the University. He has been invited 
to speak at many turf meetings throughout the United 
States and in Japan and Australia. 

S U M M E R D E C L I N E F U N G I C I D E E V A L U A T I O N - 1 9 9 3 

Treatments oz/1000 ft2 % Brown Patch Turf Quality 

Aliette 80WDG + Fore 80WP 4 + 8 1.3 d 8.8 a 
Aliette 80WDG + Daconil 80WDG 4 + 6 0.0 d 8.0 ab 
Aliette 80WDG + Chipco26019 50WDG 4 + 2 0.0 d 7.3 bed 
Fluazinam 4.17FL 1 0.0 d 7.3 bed 
Daconil 90WDG 6 1.3 d 7.0 cde 
Fore 80WP 8 0.0 d 7.0 cde 
Aliette 80WDG + Prostar 50WP 4 + 4 1.3 d 6.8 de 
Eagle 40WG 1.2 1.3 d 6.8 de 
Aliette 80WDG 4 12.5 be 6.5 de 
Eagle 40WG 0.6 13.8 b 6.3 e 
Prostar 50WP 4 0.0 d 6.3 e 

Check — 30.0 a 5.3 f 

Table 2. Summer decline fungicide evaluation in 1993. Additional fungicides were tested showing significantly better 
turf quality with Aliette ForeR and AlietteR plus Daconir than with other fungicides tested. Other fungicides 
gave good control of brown patch but not as good turf quality. 
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Managing Turf in the 
Shade 
Toby D. Bost 
NCCES, Forsyth County Center 

Growing quality turf is "shady business" for some 
turfgrass managers! 

In the late 80's Federal monies were appropriated 
for planting shade trees in urban centers, and pro-
moting efforts to affect Global Warming. 

Additionally, residents' appreciation for wooded 
landscapes is at an all-time high, as trees can signif-
icantly enhance the real estate values in communi-
ties, bringing a premium to developers. According 
to one estimate, one-fourth of the turfgrass in the 
United States grows in shade. 

Growing turf in the shade is a challenge for turf 
managers. Keeping density up and disease down is 
no easy feat in the transition zone of North Carolina. 

Like all plants, turfgrasses require sufficient light to 
grow. They grow poorly on sites getting less than 
four hours of full sun each day. Food reserves of 
plants growing in dense shade are drained, 
resulting in weak plants and shallow root systems. 

Besides sunlight, turfgrass must compete with trees 
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ment for grasses, as do trees with dense canopies. 
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Air movement across turf is frequently impeded by 
shade, or screening hedges which thwart wind circu-
lation, increasing the threat of disease in the summer. 

If an area gets less than 50 percent open sunlight 
each day, consider making some changes in the 
landscape. Some possible solutions include: 

• removal of selected trees that will not detract 
from the landscape; 

• if removal is not an option, then limb up trees 
and thin others; 

• consider the use of ground covers or mulching in 
lieu of turf; 

• tree rings of mulch improve the health of trees 
and reduce maintenance time; 

• use shade-tolerant cultivars of turfgrass, i.e. hard 
fescue; 

• mow turf at the top of it's recommended mowing 

height; 

• irrigate turf deeply and infrequently; 

• follow soil test recommendations to keep the turf 
thriving; 

• keep an eye out for diseases and treat per label 
instructions. 


