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Figure I. Turfgrass distribution for 
the continental United States. 

S u p e r i n t e n d e n t s w h o 
work in the " t r ans i t ion" 
zone have an especially 
difficult job—which is be-
ing made easier by new 
findings in turfgrass re-
search. And this work al-
so is bringing benefits to 
those in other zones 
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Env i ronmen ta l idiosyncracies as 
well as c l i m a t i c qui rks haun t those 
s u p e r i n t e n d e n t s in t h e s o - c a l l e d 
"easy a r e a s , " where the c l i m a t e is 
cooler , the golf season shor te r and 
stresses t o t u r f and its m a n a g e r s 
a re m i n i m a l . 

T h e abi l i ty an d perseverance of 
s u p e r i n t e n d e n t s in the " t r a n s i t i o n 
z o n e , " however , a re o f ten cr i t ical ly 
tested d u r i n g any given yea r . Th i s 
zone ( F i g u r e 1) is sandwiched be-
tween two a r ea s : one d o m i n a t e d by 
wa rm sea son g rasses and the o the r 

by cool s e a s o n g r a s s e s . A t r a n s i -
t ion occurs for both types of grasses ; 
the cool season grasses c o m i n g un-
der s t ress by s u m m e r hea t a n d the 
w a r m season species t ry ing to sur-
vive the winter cold. 

TEMPERATURE A MAJOR FACTOR 
D i s t r i b u t i o n of p l a n t c o m m u n i -
ties has fol lowed t e m p e r a t u r e and 
m o i s t u r e ex t remes , so tha t region-
al t u r f g r a s s d i s t r i b u t i o n c a n be 
eas i ly d e p i c t e d on a m a p of t he 
Un i t ed S t a t e s (F igure 1). Bound-
aries, t h o u g h , a re not abso lu te . 
S o m e grasses can be used beyond 
the l imi ts of their a d a p t a t i o n be-
cause they to lera te t e m p e r a t u r e 
a n d / o r mo i s tu re ex t r emes . Also, 
because of the avai labi l i ty of irri-
ga t ion in mos t areas , t e m p e r a t u r e 
has b e c o m e the m a j o r c l ima t i c 
f ac to r govern ing species a d a p t a -
t i o n ( l ) . * 

T h e re la t ionsh ip of c l i m a t e t o 
vege ta t ion has resul ted f r o m thou-
sands of y e a r s of p lant d i f f e r en t i a -
t ion and a d a p t a t i o n to c l i m a t e 
t h rough na tu ra l select ion, m u t a -
t ion, hybr id iza t ion and c h a n g e s in 
c h r o m o s o m a l c o m p l e m e n t (2). 
*See bibliography on page 54 

T h e m a g n i t u d e of geographica l 
d i s t r ibu t ion depends on both 
morpho log i ca l and physiological 
a d a p t a t i o n s . O n e e x a m p l e is the 
a d a p t a t i o n to d r y c o n d i t i o n s , 
wh ich is r e l a t e d to p r o d u c t i o n of 
cu t in (2), a wa te rp roof t r anspa ren t , 
w a x y s u b s t a n c e d e p o s i t e d on the 
ou ts ide of the ep idermis . 

I n i t i a l l y , f ine t u r f g r a s s e s were 
n a t i v e spec ie s s e l ec t ed fo r use on 
tu r f ed a reas . C o n s e q u e n t l y , p lants 
tha t h ad evolved as a d a p t e d species 
fo r a given locat ion were subjected 
t o t h e i n t ens ive m a n a g e m e n t re-
qui red by turf uses; in s o m e cases 
t h e i r q u a l i t y an d a d a p t a b i l i t y de-
c r e a s e d . C o n t i n u e d d e f o l i a t i o n at 
a low cu t t ing height was the main 
p rac t i ce a f fec t ing tu r fg ra s s . 

On ly in the past three decades has 
t h e r e been a p p r e c i a b l e s e l ec t ion , 
d e v e l o p m e n t a n d r e l e a s e of i m -
p r o v e d t u r f g r a s s v a r i e t i e s , r esu l t -
ing in t h e b e t t e r , w i d e l y - a d a p t e d 
grasses avai lable t oday . This c a m e 
a b o u t b e c a u s e l a r g e r n u m b e r s of 
q u a l i f i e d s c i e n t i s t s b e c a m e in-
vo lved in t u r f g r a s s b r e e d i n g p r o -
g r a m s a n d m o r e o ld s i t e s of in-
t e n s i v e l y m a i n t a i n e d t u r f f r o m 



which to m a k e s e l e c t i o n s b e c a m e 
a v a i l a b l e . F r e q u e n t l y , s u p e r i n -
t enden t s of older faci l i t ies recognize 
c o l o n i z a t i o n of a r e a s by s u p e r i o r 
g ras s segregates and t a k e the t ime 
to not i fy people involved in m a k -
ing tu r f selections. 

F o r t u n a t e l y , in r e c e n t y e a r s 
p lant physiologists have con-
s iderably increased the basic knowl-
edge abou t the r ea sons behind 
g e o g r a p h i c p l a n t d i s t r i b u t i o n . 
T r o p i c a l g r a s s e s , s u c h as b e r -
m u d a g r a s s a n d z o y s i a , d i f f e r 
p h y s i o l o g i c a l l y a n d a n a t o m i c a l l y 
f r o m t e m p e r a t e s p e c i e s , such as 
b luegrasses , f e s c u e s and bent-
grasses . These physiological d i f fer -
e n c e s h e l p e x p l a i n w h y t r o p i c a l 
species are more v igorous dur ing 
t h e h o t s u m m e r m o n t h s t h a n the 
t e m p e r a t e species. 

P H Y S I O L O G I C A L D I F F E R E N C E S 

Plan t s must i nco rpo ra t e c a r b o n in-
to the i r sys tems for use in g rowth . 
T h e only way p lan ts c a n do this is 
t h r o u g h p h o t o s y n t h e s i s . D u r i n g 
p h o t o s y n t h e s i s , c a r b o n d i o x i d e is 
fixed f r o m the a t m o s p h e r e and in-
c o r p o r a t e d in to s u g a r m o l e c u l e s 
t h r o u g h a series of r eac t ions t ak ing 
a f r ac t ion of a second . Dur ing this 
p r o c e s s , r a d i a n t e n e r g y f r o m the 
sun has been " t r a p p e d " in the sugar 
molecu le in the f o r m of chemical 
energy . This energy is avai lable to 
d r i v e r e a c t i o n s n e c e s s a r y fo r t he 
n o r m a l me tabo l i sm of t he plant . 

W a r m season g rasses have a dif-
f e r e n t m e t h o d t h a n c o o l s e a s o n 
g r a s s e s f o r c a p t u r i n g c a r b o n 
d iox ide out of the air . T h e enzyme 
i n v o l v e d in t h i s c a p t u r e h a s a 
g r e a t e r a t t r a c t i o n f o r c a r b o n 
d iox ide at higher t e m p e r a t u r e s than 
the e n z y m e in cool s ea son species 
( F i g u r e 2). This g r e a t e r a t t r ac t ion 
at high t e m p e r a t u r e s is pa r t of the 
r e a s o n why w a r m s e a s o n g r a s s e s 
are m o r e vigorous t h a n cool season 
grasses when t e m p e r a t u r e s a re high. 

P l a n t s and a n i m a l s m u s t respire 
to provide their s y s t e m s with the 
energy t r apped and s to red in sugar 
c o m p o u n d s . W h e n a n i m a l s brea the , 
they t a k e in oxygen and l ibera te 
c a r b o n dioxide. T h e oxygen t a k e n 
in oxidizes s tored s u g a r and re-
leases energy for use by the body, 
a n d c a r b o n d i o x i d e , w h i c h is ex-
ha led . P lan t resp i ra t ion is essential-
ly the s a m e , the m a i n d i f f e rence be-

ing the ut i l izat ion of this respi red 
e n e r g y . A n i m a l s use m o s t of t h e 
e n e r g y t o s a t i s f y m u s c u l a r d e -
m a n d s in m e c h a n i c a l m o v e m e n t . 
T h i s d e m a n d is a b s e n t in p l a n t s ; 
however , the re a r e energy requi re -
m e n t s e x i s t i n g in p l a n t s t h a t a r e 
m i s s i n g in a n i m a l s . E n e r g y is re-
q u i r e d d u r i n g p h o t o s y n t h e s i s a n d 
n u t r i e n t u p t a k e , t o n a m e t w o 
cri t ical ly essential a reas . 

O n e s t r i k i n g p h y s i o l o g i c a l d i f -
f e r e n c e b e t w e e n t r o p i c a l a n d 
t e m p e r a t e t u r fg ra s se s is the phe-
n o m e n o n of pho to re sp i r a t i on . A s 
the n a m e implies, this resp i ra t ion 
t a k e s place in the presence of l ight 
a n d o c c u r s s i m u l t a n e o u s l y w i t h 
pho tosyn thes i s . U n f o r t u n a t e l y fo r 
c o o l s e a s o n g r a s s e s , they p o s s e s s 
this inborn e r ro r in me tabo l i sm and 
w a r m season g ras ses do not. W h y is 
t h i s r e f e r r e d t o a s an e r r o r in 
me tabo l i sm? A s expla ined ear l ier , 
t h e r e s p i r a t i o n c o m m o n to b o t h 
c o o l a n d w a r m s e a s o n g r a s s e s 
l i b e r a t e s e n e r g y . D u r i n g p h o t o -
resp i ra t ion , however , no ut i l izable 
energy is gene ra t ed fo r the p lant . Al-
so c a r b o n dioxide evolves f r o m the 
p lan t into the a t m o s p h e r e jus t as it 
does when a n i m a l s exhale. C o n s e -
quent ly , c a r b o n is lost to the air , 
which would have been avai lable for 
i n c o r p o r a t i o n i n t o g r o w t h m a -
t e r i a l s . W a r m s e a s o n t u r f g r a s s e s , 
which lack pho to re sp i r a t i on , con-
serve the c a r b o n they cap tu re f r o m 
the air , and this p rovides an advan-
tage over cool s eason grasses . 

W h a t c a n be d o n e a b o u t t h i s 
was te fu l me tabo l i c " h a n g - u p " ? O n e 
a p p r o a c h is c h e m i c a l i n h i b i t i o n . 

CO, 
Fixation 

Figure 2. Effect of temperature on 
the photosynthesis of bluegrass and 
bermudagrass. 

R e s e a r c h u s i n g d i s k s c u t f r o m 
g r e e n l eaves h a s s h o w n t h a t t h e 
pho to re sp i r a t i on can be inhibi ted 
by b locking the activity of the en-
zyme involved. However , a t t e m p t s 
to chemica l ly inhibit pho to r e sp i r a -
tion have fai led (5). A n o t h e r m e t h -
od used to inhibit pho to re sp i r a t i on 
is the lower ing of the a t m o s p h e r i c 
oxygen c o n c e n t r a t i o n to near zero . 
Because r e sp i ra t ion is an ox ida t ive 
process, a lower ing of oxygen con-
cen t ra t ion will cause inhibi t ion. 
Pho tosyn the t i c ra tes of cool season 
grasses exposed to n o r m a l oxygen 
concen t r a t i ons and high t e m p e r a -
tures have revealed tha t it is ap-
prox imate ly one-ha l f t ha t of ber-
m u d a g r a s s (4,5). W h e n p h o t o -
synthesis of cool and w a r m season 
grasses is m e a s u r e d in low oxygen 
air, the ra te of the cool season 
grasses near ly doubles , while the 
rate of the w a r m season g rasses 
remains essent ial ly u n c h a n g e d . 
Pho to re sp i r a t i on can then be cal-
culated by sub t rac t ing the p h o t o -
synthet ic r a t e in normal a i r f r o m 
tha t of low oxygen air. 

T h e t o t a l d i f f e r e n c e in p h o t o -
s y n t h e s i s b e t w e e n the w a r m a n d 
cool season species is not ent i re ly 
accounted fo r by inhibit ing p h o t o -
r e s p i r a t i o n . A s p r e v i o u s l y m e n -
t ioned, the e n z y m e s involved in the 
c a p t u r i n g p r o c e s s d i f f e r in t h e i r 
a t t r ac t ion fo r c a r b o n d ioxide . T h i s 
p h e n o m e n o n a c c o u n t s f o r t h e re-
main ing d i f fe rence . 

W h e n K e n t u c k y b luegrasses a r e 
r a n k e d a c c o r d i n g to t h e i r p h o t o -
synthet ic r a te in no rma l air a t high 
t empe ra tu r e s , those selected f r o m 
s o u t h e r n l a t i t u d e s t e n d t o r a n k 
higher than those f r o m n o r t h e r n lat i -
t u d e s . T h e r a n k i n g f o r p h o t o -
synthet ic r a te in reduced oxygen air 
revealed a cons ide rab le r e a r r a n g e -
m e n t of t h e o r d e r . S o m e f r o m 
n o r t h e r n l a t i t u d e s r a n k e d h i g h e r 
than those f r o m sou the rn l a t i tudes . 
This would ind ica te tha t K e n t u c k y 
bluegrasses vary in their a m o u n t of 
p h o t o r e s p i r a t i o n . A l s o , t h e i m -
p l i c a t i o n t h a t s o m e K e n t u c k y 
bluegrasses c a n regula te p h o t o r e s -
p i ra t ion , at least slightly, is signi-
f i c a n t . G e r m p l a s m u n d o u b t e d l y 
ex i s t s t h a t s u r v i v e s s o u t h e r n en -
virons, and this is p romis ing f r o m 
the point of view of its inclus ion in 
breeding p r o g r a m s to deve lop 
m o r e wide ly a d a p t e d t u r f g r a s s e s . 

continued on page 43 
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T R A N S I T I O N frompage4l 

Once this can be accomplished, turf 
m a n a g e r s in a reas , such as the 
transi t ion zone, will have better 
tools to use for the production of 
fine turf. 

Research cur ren t ly is being 
carried out at Penn State to deter-

sugars, the plant can utilize them 
immediately or store them for later 
use. The term carbohydrate is most 
of ten used in reference to sugar 
metabolism. Stored carbohydrates 
reflect how the plant has been grow-
ing. C a r b o h y d r a t e deplet ion is 
most often a reflection of growth 

hydrate accumulation, increased in 
growth when subjected to high tem-
peratures for at least a week (4). 
Once the carbohydrate level was de-
pleted, growth subsided dramatical-
ly. During per iods of normal ly 
accelera ted g rowth , n i t rogen 
applications complicate the prob-
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CARBOHYDRATE 
STORAGE 
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Figure 3. Schematic diagram linking various physiological processes to plant growth. 

mine if Kentucky bluegrasses with 
pho to re sp i r a t i on inhibi ted can 
grow as well as bermudagrass at 
high temperatures . These experi-
ments are being conducted in con-
t rol led env i ronmenta l growth 
chambers, so temperature, humid-
ity and gaseous components of the 
atmosphere can be controlled. Re-
sults from this research will help 
determine the practical advantages, 
if any, of having photorespiration 
inhibited on the golf course. 

Hopefu l ly , o ther b iochemical 
ind ica to rs of high t e m p e r a t u r e 
tolerance can be developed to be 
used as screening tools to reduce 
the time required for varietal test-
ing. The day will come eventually 
when predica t ion equa t i ons for 
geographical performance by new 
grasses can be written based on re-
sults from a series of indicator tests 
for disease, heat, drought and cold 
tolerance and others. 

R E D U C I N G S T R E S S 

What can supe r in t enden t s in 
s t ress a reas do to increase turf 
quality of cool season grasses dur-
ing periods of high temperatures? 
Firs t , a basic unde r s t and ing of 
how plants grow is necessary. 
Pho tosyn thes i s and resp i ra t ion 
have already been discussed. Once 
carbon has been incorporated into 

stimulation resulting from nitrogen 
fertilization, elevated temperatures, 
irrigation or usually a combination 
of all three. Increases in stored 
carbohydrates result when temper-
atures are cool and photosynthesis 
is rapid. 

Tolerance of high temperature 
stresses is directly related to the 
amount of carbohydrates present 
in plant tissue. Those species that 
have high carbohydrates can bet-
ter tolerate stresses than species with 
lower carbohydrates (3,4). It be-
comes obvious when examining the 
cond i t ions that lead to ca rbo-
hydrate depletion that proper tim-
ing of fertilization is necessary to 
maintain high carbohydrate levels. 
Examining a schematic drawing, 
one can see that nitrogen stimulates 
carbohydrate utilization for pro-
tein production which increases 
growth (Figure 3). Growth is nec-
essary for injury recovery, however, 
nitrogen fertilization during hot 
weather is not necessary to stimu-
late growth. Chemical reactions in-
volved in the growth processes jire 
accelerated by temperature in-
creases. As long as carbohydrates 
are available, growth will proceed 
unhindered unless nitrogen is defi-
cient. It has been shown that Ken-
tucky bluegrasses, grown at cool 
temperatures, which favor carbo-

lem. The resul t ing s t imu la t i on 
has tens growth cessa t ion and 
ini t iates physical d e t e r i o r a t i o n . 
Nitrogen should be used sparingly 
during stress periods. Green color 
can be maintained in these stress 
periods by very light applications 
(spoon feeding) of a soluble nitro-
gen source of one of several sources 
of available iron. 

Cool season grasses no rma l ly 
have a Hush of growth in the spring 
(mid-April to mid-May). Fertiliza-
tion should be delayed until after 
this time to minimize carbohydrate 
deplet ion pr ior to en te r ing the 
stress portion of the season. Usual-
ly late fall or winter applications of 
fer t i l izer will provide a d e q u a t e 
nutrition for early spring green-up 
and growth until after the spring 
Hush. The majority of the seasonal 
nitrogen supply ideally should be 
applied in fall, when photosynthesis 
is still high and while temperatures 
are cooler and growth subsiding. 
At this t ime, climatic condit ions 
favor root growth and c a r b o -
hydrate accumulation. 

Another technique practiced by 
many is syringing. From previous 
discussion in this article, the ad-
vantages of a cooler microclimate 
can be appreciated. The resulting 
reduction in canopy temperature , 
even though temporary, occurs dur-

conlinued on page 54 



TRANSITION from page 43 

ing the time of day when the temper-
ature would otherwise be at its max-
imum and is quite beneficial. Ex-
cess water supplied during syring-
ing, however, is not advantageous 
and represents an uneconomical use 
of employee time. 

R E S E A R C H C R U C I A L 

Managing turfgrasses in the transi-
tion zone is a serious, demanding, 
but rewarding business, and those 
involved should be commended for 
their fortitude in tackling the task. 
Once those of us in research and 
teaching can catch up with the de-
mands for information made up-
on us by those in the field, quality of 
turfgrass areas will increase even 
more than in the past. The gap be-
tween where we are in research and 
where we should be is colossal, but it 
is na r rowing . Financial assis-
tance for research and graduate 
students from sources supported by 
turf managers is critical if the gap is 
to be further narrowed. Much of the 
work that has been done was the re-
sult of assistance from organiza-
tions supported by turf managers. 
Those of us in turfgrass research 
acknowledge your efforts and hope 
that they continue. • 
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RESEARCH from page 45 

cern for env i ronmenta l qual i ty 
and the vital ecological role played 
by turf in the areas of soil erosion 
control, dust control, heat dissipa-
tion, noise abatement and control 
of visual pol lut ion. They have 
ceased to discount the contribu-
tion of turf to over-all societal health 
by providing r ec rea t iona l sur-
faces and ornamental plant covers 
that surround most individuals in 
their daily activities at home, at 
work and at play. 

Yet just when their priorities are 
beginning to reflect the impor-
tance of turf research (as evidenced 
by a U.S. Department of Agricul-
ture study showing that universities 
were increasing four-fold their staffs 
in turf research), Congress is asked 
to cut the funds that would support 
proposed turf research positions, 
the result of which will be an over-
burdening of an insufficient turf 
research staff and an inevitable de-
crease in productivity. 

Added to this is a con t inu ing 
inflationary rise of 6 to 7 per cent 
per year in research costs, which, 
when combined with the proposed 
budget reduction, would amount to 
a 12 per cent bite into available 
funds for agricultural research on the 
state level. 

The proposed cut is now before 
Congress for action. It may be a 
year before the final outcome is 
known, but unfortunately, experi-
ment s t a t ions , th rough thei r re-
spective university administrations, 
must initiate these cuts in anticipa-
tion of the actual event because it 
will be retroactive to July 1, 1973. 

Golf turf, as a key segment of the 
over-all turfgrass industry, will be 
significantly affected if these cuts 
are enacted by Congress. Superin-
tendents would increasingly have 
to rely on regional door- to-door 
salesmen for information, which 
could affect their jobs, because of 
insuff ic ient suppor t for impor -
tant research centers to test and 
evaluate turf chemicals. 

G O L F D O M readers who wish to ex-
press their concern regarding this 
issue should write their congress-
men, and it is especially impor-
tant to contact those congressmen 
who are members of the House and 
Senate Appropria t ions and Agri-
cultural Committees. • 

GRAFFIS from page 11 

ciana Club at Naples. The labor 
s i tua t ion was bea t ing him as it 
has many other supe r in t enden t s 
in Florida and elsewhere. When a 
man could be trained for the job of-
ten he wasn't dependable. In des-
peration a year ago Grant hired 
and trained young women. He now 
has 30 on his labor crew and is 
looking for more. 

Gran t ' s experience shows that 
they can be trained to carefully op-
erate the expensive and sophisti-
cated equipment and use to utmost 
advantage the labor-saving hydraul-
ic features. 

Training of women in the careful 
use of the new equipment is a field 
in which equipment manufactur-
ers too are very much interested. 
A d j u s t m e n t , repa i r s and eff i -
cient use of the newer equipment 
are causing headaches to superin-
tenden ts , dealers and manufac -
turers. The trouble is not in the 
equ ipmen t , but in d i f f icul ty of 
ge t t ing intel l igent ope ra to r s . 
Some equipment dealers believe a 
new educa t iona l p rog ram for 
course workers will be necessary. 
Maybe the carefulness that Grant 
has observed in women operating 
machines at Innisbrook will be part 
of the answer. 

"Uncle Joe" Friendman's 87th 
birthday was celebrated April 15 
at New York . Uncle Joe of the 
Softouch Company has been sell-
ing professionals golf hosiery and 
other knitted items for a long time. 
He was one of the liveliest salesmen 
at the PGA, and ante-dated the 
USGA by eight years. 

Robert C. Rosenthal now gener-
al m a n a g e r at Knol lwood Club, 
Lake Fores t , 111. He was at St . 
Charles (II.) for the previous seven 
years . . . . Stanley Horvatin, af-
ter 20 years as manager , Illinois 
Athletic Club. Chicago, moves to 
Onwentsia Club, Lake Forest, 111., 
as genera l manage r , succeeding 
Joseph J. Stephens who retired. 

Want to get rich in golf? 
Then bet other golfers that they 

don't know the first thing about The 
Rules of Golf. 

You probably will win four out 
of five times. 

The Rules of Golf begin: 
"In the interest of all, players 

should play without delay." • 


