
I F . . . 
YOU OWN OR 
OPERATE A: 

Pro Shop 
Golf Course 

Driving Range 
Par-3 Course 

Miniature Course 
... SEND NOW, 

FOR OUR 

New 1973 64-page 
Wholesalers Catalog 

of Golf Supplies 

Balls, clubs, club repair supplies, tees 
mats, pails, markers, retrievers, golf 
bags, obstacles, ball washers, ball 
pickers, electric bug killers, ball 

striping & painting, supplies, grips, 
nets, shoes & accessories, umbrellas 

. . . and more! 

For more information circle number 174 on card 

QUALITY MEN'S TROUSERS 
FAST IN STOCK SERVICE 

We maintain a large inventory of out-
standing quality slacks from $10.90 
to $13.75. Beautifully tailored, excel-
lent fit, your label or ours. Write for 
Catalog or Salesman. 

ARCAN SLACK CO., 
SAVAGE, MARYLAND 20863 

Attention: Distributors, mfgs., vol-
ume accounts. Let us make your 
shirts and slacks in our factory to 
your specifications. 

For more information circle number 182 on card 

OUTDOOR WATER COOLING, 
for golf courses, tennis courts, 

recreation areas. / A Q U A M A S T E R 
Electric water cooler. 

The only one that operates over one 
mile (2000 yards) on underground 
115 VAC power. No high lines mar 

the beauty of the course. Uses exist-
ing 115 V power on course (Club House, 
Maintenance Building, Irrigation System). 

New patented hi-capacity cold drinking 
water system for foursome after foursome. 

S A F A R I Gas-Fired Water Coolers. 
(No electricity required) 

Cold water where you want it. Costs less 
than 10< a day to operate. 

Write or call (305) 942-8076 
H. N. GEISLER CO. 

591 N.E. Fifth Street 
Pompano Beach, Fla. 33060 

For more information circle number 163 on card 
12 G O I F D O M M A G A Z I N E 6 / 7 3 

EFFECTS O F T E M P E R A T U R E S 
ON P E N N C R O S S G R O W T H 

Growth characteristics of Penncross 
creeping bent grass (Agrostis palus-
tris Huds.) at four soil tempera-
tures and five fertility regimes. 
D.T. Hawes. 1972. Ph.D. Thesis, 
University of Maryland. 124 pp. 
(from the Department of Agron-
omy, University of Maryland, Col-
lege Park, Md.). 

The inf luence of th ree soil 
temperatures (50, 70 and 90° F) on 
shoot growth, root growth, carbo-
hydra te reserves, r ecupera t ive 
rate, turfgrass, color, tillering and 
tha tch accumula t ion ra te were 
evaluated on a Penncross creeping 
bentgrass turf moved at one-half 
inch. Evaluations were made dur-
ing the summer of 1969 and the 
spring and summer of 1970. The 
three soil temperature levels were 
ma in ta ined by local, t h e r m o -
s ta t ica l ly cont ro l led , cons t an t 
temperature heat exchangers posi-
tioned at a soil depth of 3.5 inches. 
Thus, the exchangers established 
three distinct planes of nearly con-
stant temperature in the zone where 
most root, crown and stolon growth 
occur. 

Resul t s of this inves t iga t ion 
showed root growth to be most ac-
tive at 50° with a decline at the 
higher 70 and 90° F soil tempera-
ture treatments. The carbohydrate 
reserves were also highest at 50° F 
soil temperatures. Both the shoot 
growth and recuperative rates were 
highest at 70° F soil temperatures 
and declined as the temperature 
was either raised or lowered. The 
visual t u r f g r a s s a p p e a r a n c e in 
terms of color also ranked highest 
at 70° F. Ti l ler ing and s to lon 
growth were not affected by the 
three d is t inc t ly d i f f e ren t soil 
t e m p e r a t u r e t r ea tmen t s , but re-
sponded to seasonal variat ions in 
the env i ronmen t o the r than 

temperature. 
C o m p a r i s o n s among several 

nitrogen levels showed that nitro-
gen increased turfgrass color, but 
decreased the shoot growth and re-
cuperative rates of the turf. The 
effect of reduced recuperative rate 
and associated low carbohydrate 
reserves at higher nitrogen levels 
was most notable at the highest 
temperature treatment. 
Comments: Temperature is a com-
ponent of the turfgrass environ-
ment that affects most facets of turf-
grass growth as well as disease 
deve lopmen t , tha tch accumula -
tion and seed germination of both 
weedy and desirable species. The 
temperature effect on shoot growth 
a f f ec t s the mowing f requency , 
fe r t i l i za t ion r equ i r emen t s and 
over-all turfgrass health. Tempera-
ture also affects the rooting depth 
and evapotranspiration rate, which 
are primary controls in the amount 
and frequency of water that must be 
appl ied by i r r iga t ion . Thus , 
t e m p e r a t u r e s are in t imate ly re-
lated to the many day-to-day cul-
tural practices on a golf course. 

Temperatures vary on a seasonal 
cycle with the highest stress periods 
occurring in midsummer. Indi-
vidual cultural practices must be 
adjusted in relation to tempera-
ture changes in order to maintain 
the des i red level of tu r fg ras s 
quality on the golf course. If adjust-
ments are not made in relation to 
temperature changes, serious loss of 
turf may occur due to direct 
tempera ture effects or by the in-
direct effects of other related en-
vironmental components such as 
drought stress. The importance of 
adjust ing turfgrass cultural prac-
tices is illustrated in this paper where 
high nitrogen levels drastically de-
creased the recuperative rate at the 
highest temperature treatment. A 

continued on page 49 
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high nitrogen nutrit ional level also 
r e s u l t s in r e d u c e d h e a t s t r e s s 
to lerance and proneness to loss o f 
turf . T h u s , n i t rogen f e r t i l i z a t i o n , 
w h i c h s t i m u l a t e s s h o o t g r o w t h , 
should not be applied during heat 
stress periods. 

I t s h o u l d be n o t e d t h a t t h e s e 
t h r e e t e m p e r a t u r e t r e a t m e n t d i f -
f e r e n t i a l s were b a s e d on soi l 
temperatures . Soi l temperature has 
much more influence on turfgrass 
growth and d e v e l o p m e n t than air 
temperature . It is possible to main-
t a i n t u r f s at e x t r e m e l y high a i r 
t e m p e r a t u r e s as long as the soil 
t e m p e r a t u r e is m a i n t a i n e d at a 
more moderate temperature . This is 
also the reason why night tempera-
tures are so important in control-
ling turfgrass responses. A s long as 
t h e n i g h t t e m p e r a t u r e d r o p s to 
lower levels that will m a i n t a i n a 
cooler soil temperature , the turf can 
be m a i n t a i n e d r a t h e r e a s i l y at 
n o r m a l g r o w t h r a t e s . H o w e v e r , 
when the night temperatures rise to 
h igher levels c o m p a r a b l e to day-
t i m e t e m p e r a t u r e s , t h e soi l is 
warmed considerably, resulting in 
r e s t r i c t e d root and s h o o t growth 
and a decrease in turfgrass quality, 
health and vigor. 

Because of the signif icant effects 
o f soil temperature on heat stress, it 
is i m p o r t a n t for the g o l f c o u r s e 
s u p e r i n t e n d e n t t o p e r i o d i c a l l y 
m o n i t o r soil t e m p e r a t u r e s under 
selected turfgrass areas on the gol f 
course. I n this way, he c a n more ade-
quately interpret the turfgrass re-
sponses being observed and also 
m a k e a p p r o p r i a t e a d j u s t m e n t s in 
his t u r f g r a s s c u l t u r a l p r o g r a m . 
W h i l e t h e s e a d j u s t m e n t s m a y 
appear to be relatively minor , they 
can be very important in determin-
ing w h e t h e r an a d e q u a t e or in-
ferior quality surface is maintained 
for gol f play. 

S o far as specific temperature re-
s p o n s e s are c o n c e r n e d , o p t i m u m 
root growth of Penncross creeping 
b e n t g r a s s o c c u r s at l o w e r so i l 
t e m p e r a t u r e s t h a n s h o o t g r o w t h . 
S p e c i f i c a l l y , t h e b e n t g r a s s e s as 
well as Kentucky bluegrass, tend to 
maintain maximum root growth in 
the soil temperature range o f 50 to 
60° F . In contrast , o p t i m u m shoot 
g r o w t h a n d r e c u p e r a t i v e r a t e s 
occur at somewhat higher tempera-

tures in the range o f 65 to 75° F. T h e 
over-all turfgrass appearance and 
c o l o r a r e a l s o v e r y good in t h i s 
t e m p e r a t u r e r a n g e . S p e c i f i c 
t e m p e r a t u r e s t resses b e c o m e evi-
dent as soil temperatures are raised 
i n t o t h e 9 0 ° F r a n g e . B e r m u d a -
g r a s s r e s p o n d s to t e m p e r a t u r e 
c o m p a r a b l e to t h a t for b e n t g r a s s 
and Kentucky bluegrass except in 
a h igher t e m p e r a t u r e range . F o r 
e x a m p l e , o p t i m u m s h o o t g r o w t h 
f o r b e r m u d a g r a s s o c c u r s in t h e 
range o f 85 to 95° F . 

Above the opt imum temperature 
range there is a decline in most turf-
grass growth response character is -
t ics . Initially, this is expressed in 
reduced root growth. Not only is 
senescence o f the existing roots 
p r o g r e s s i n g m o r e rapid ly t o a 
brown, spindly, weak appearance , 
but initiation o f new roots from 
meris temat ic areas on the crown is 
also blocked. This results in a very 
restricted root system for cool sea-
son turfgrasses at soil temperatures 
above 80° F . O t h e r responses ob-
served under temperature stress 
condit ions included a decline in 
shoot growth as well as a reduction 
in (a ) leaf length, width, and area , 
(b) rate o f new leaf appearance and 
(c) succulence o f the above ground 
tissues. T h e turfgrass appearance 
becomes dark green to blue green 
in co lor under heat stress. A decline 
in shoot density will also appear if 
the heat stress persists. 

T h i s brief art ic le is a simplified 
introduction to the many effects o f 
t e m p e r a t u r e on t u r f g r a s s g r o w t h 
and cu l ture . It is a very c o m p l e x 
a s p e c t o f t u r f g r a s s m a n a g e m e n t , 
w h i c h is i n t e r r e l a t e d with m a n y 
o t h e r c u l t u r a l p r a c t i c e s i n c l u d -
ing mowing, ferti l ization and most 
important , irr igation. • 

CORRECTION 

GOLFDOM inadvertently misquoted 
Vaughn E . Border , director o f mar-
ket ing, Outboard M a r i n e Corp . , in 
the article entitled " T h e J a p a n e s e in 
the U . S . G o l f M a r k e t : Where are 
T h e y N o w and W h e r e are They G o -
i n g ? " published in the M a y issue, 
page 21. T h e correc t quote should 
read: " T h e fact is that there are 
still only about 51,000 or 52,000, I 
would guess, new go l f cars being 
sold every y e a r . " 

A Moody Valve 
is not a thing of beauty 

(although some would say it is!). 

It's designed and built to be a func-
tional, durable unit that assures the 
reliable and efficient operation of 
your sprinkler system. 

Moody valves are available in both 
electric and hydraulic models, IPS 
sizes from VA" to 3". Al l feature 
Class 150 1st quality red brass ingot 
construction; f low control adjustment 
with positive shut off ; diaphragm of 
one piece molded construction wi th 
integral " O " ring seal reinforced wi th 
600 lb. test fabric; stainless steel 
sand resistant plunger; protective 
diaphragm brass plates; self-cleaning 
dome nut strainer; manual bleed cock 
for manual operation of valve and air 
relief. 

Whether your grounds maintenance 
problems are golf course size, park 
size or commercial, industrial, resi-
dential areas—you'll find that Moody 
equipment wi l l provide the ways to 
cut those problems down to size. 

Send for our '73 catalog. 

MOODY SPRINKLER 
CO., INC. 

5449 N. Peck Road /P.O. Box 240 
Arcadia, Ca. 91006 
213/443-9488 


