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TURFGRASS 
RESEARCH 
REVIEW 

C h a n c e s for tu r fg rass 
survival d u r i n g f looding 
Influence of water temperature 
on submersion tolerance of four 
grasses. J.B. Beard and D.P. Mar-
tin. 1970. Agronomy Journal. 
52(2):257-259. (from the Depart-
ment of Crop and Soil Sciences, Mich-
igan State University, East Lans-
ing, Mich. 48823). 

The relative submersion tolerance 
of four turfgrasses to three water tem-
p e r a t u r e s w a s inves t iga ted . F ive 
year old, actively growing, disease 
free sods of Toronto creeping bent-
grass, Mer ion Kentucky bluegrass 
and annual bluegrass were utilized. 
Four-inch diameter by three-inch deep 
plugs of each species were collected 
July 15, 1969. T h e intensity of cul-
ture of the four turfgrasses prior to 
s a m p l i n g w a s typ ica l for each 
species. T h e Toronto creeping bent-
grass had been cut daily at 0.25 inch; 
the Merion Kentucky bluegrass and 
Pennlawn red fescue every four days 
at 1.5 inches and the annual bluegrass 
every three days at 0.5 inch. 

Three replications of each species 
were c o m p l e t e l y submerged in 
s e p a r a t e c o n s t a n t t e m p e r a t u r e 
water tanks having water tempera-
tures of 50, 68 and 86° F. T h e water 
t a n k s had t h e r m o s t a t i c a l l y con -
t ro l led h e a t i n g and r e f r i g e r a t i o n 
units, an aerator and a circulating 
w a t e r p u m p for m a i n t a i n i n g a 
uniform water temperature through-
out the tank. T h e sods were main-
ta ined at a s u b m e r s i o n dep th at 
which the uppermost portion of the 

turfgrass leaves was two inches below 
the water surface. 

Three replications of each turfgrass 
species from the 50 and 68° F. water 
treatments were removed at five day 
intervals and from the 86° F. water 
treatment at 24 hour intervals. The 
submersion e x p e r i m e n t was termi-
nated after 60 days. After removing 
the sod plugs from the water they 
were drained and placed in a 70° F. 
greenhouse for evaluation of survival. 

No visual evidence of injury to the 
t u r f s w a s evident w h e n removed 
f r o m the f lood ing t r e a t m e n t s . 
However, death generally occurred 
wi thin 48 hours af ter removal . A 
brownish discoloration would first 
appear on the leaf sheath followed 
by death of the leaf blade which pro-
gressed from the tip toward the stem. 
T h e cells in submerged leaves and 
stems were generally larger than in 
n o n s u b m e r g e d t i s sues w i t h the 
protoplasm coagulating near the cell 
walls as injury developed. Submer-
sion i n j u r y of t u r f g r a s s e s would 
in i t i a l ly a p p e a r in the old leaves 
whereas the youngest leaves were 
general ly the last to show visible 
symptoms of injury. 

T h e relative submersion tolerance 
of tur fgrasses was directly related 
to (a) water temperature, (b) dura-
t ion of s u b m e r s i o n , (c) t u r f g r a s s 
species and (d) depth of submersion. 
The duration of submersion tolerance 

decreased as the water t e m p e r a t u r e 
was i nc rea sed . For e x a m p l e , a 
Merion Kentucky bluegrass turf was 
completely killed after eight days of 
submers ion at 86° F. and a f te r 41 
days submersion at 68° F. but was 
not completely killed by 60 days sub-
mersion at 50° F. 

In comparison of the submersion 
tolerance among tu r fg rass species, 
Toron to c r e e p i n g b e n t g r a s s pos-

sessed superior tolerance and Penn-
lawn red fescue the least tolerance 
w h e r e a s M e r i o n K e n t u c k y blue-
grass and annual bluegrass ranked 
i n t e r m e d i a t e . For e x a m p l e , ap -
proximate ly 18 days of con t inuous 
submersion at 86° F. was required 
to kill T o r o n t o creeping bentgrass 
whereas Merion Kentucky bluegrass 
was killed after eight days, annual 
bluegrass after five days and Penn-
lawn red fescue after two days. 

Several small associated studies 
were also conducted. The au tho r s 
found t h a t p a r t i a l s u b m e r s i o n in 
which some leaves extended above the 
s u r f a c e r e su l t ed in s u b s t a n t i a l l y 
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ALABAMA MICHIGAN 
McGowin-Lyons Sprinkler Irrigation 

Hardware & Supply Co., Supply Co., 
Mobile (205) 432-8721 Royal Oak (313) 548-7272 

ARIZONA 
Turf Irrigation and Water 

Works Supply, 
Phoenix (602) 276-2451 
Hanson's Copper State 

Water Works Supply 
Co., 

MINNESOTA 
Milsco Eng., Inc., 
Minneapolis 
(612) 724-3655 

MISSOURI 
Bechmann Dist. Co., 

Tuscon (602) 624-4416 St. Louis (314) 993-4490 

ARKANSAS NEBRASKA 
Capital Equipment Co., Big Bear Equipment Co., 
Little Rock (501) 372-7115 Omaha (402) 393-2220 

CALIFORNIA 
Kern Turf Supply, Inc., 
Bakersfield 
(805) 327-4048 
Controlled Irrigation, 
Fresno (209) 222-4843 
Oranco Supply, 
Anaheim (714) 635-3400 
Ewing Irrigation Products, 
Sacramento 
(916) 922-5618 
Oranco Supply Co., 
San Bernardino 
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Ewing Irrigation Products, 
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COLORADO 
The Warner Co., Inc., 
Denver (303) 355-7371 
Colorado Western 

Distributing Co., 
Grand Junction 
(203) 242-0556 

CONNECTICUT 
Irrigation & Equipment 

Supply Co., 
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DELAWARE 
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Cherry Hill, N.J. 
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FLORIDA 
National Irrigation, 
Ft. Lauderdale 
(305) 581-1583 
Russell Daniel Irrigation 

Co., 
Havana (305) 539-6136 
Southern Mill Creek 

Products, 
Tampa (813) 626-2111 

GEORGIA 
Russell Daniel Irrigation 

Co., 
Athens (404) 543-0168 

ILLINOIS 
Sprinkler Irrigation 

Supply Co., 
Glen Ellen (312) 629-7730 

INDIANA 
Sprinkler Irrigation 

Supply Co., 
Glen Ellen. III. 
(312) 629-7730 
Kuhn-Nueschafer, Inc., 
Salina (913) 827-9054 
Irrigation Supply 

Company, Inc., 
Louisville, Ky. 
(502) 585-4305 

KENTUCKY 
Irrigation Supply 

Company, Inc., 
Louisville (502) 585-4305 

LOUISIANA 
Southern Specialty Sales 

Co., 
New Orleans 
(504) 486-6101 

MARYLAND 
Lewis W. Barton Co., 
Simpsonville 
(301) 531-5051 

MASSACHUSETTS 
The Clapper Co., 
West Newton 
(617) 244-7900 

NEVADA 
Las Vegas Fertilizer Co., 
North Las Vegas 
(702) 649-1551 
Arlington Nursery, 
Reno (702) 323-4463 

NEW JERSEY 
Lewis W. Barton Co., 
Cherry Hill (609) 429-6500 
Andrew Wilson, Inc., 
Union (201) 686-2000 

NEW MEXICO 
Albuquerque Chemical 

Co., 
Albuquerque 
(505) 247-2321 

NEW YORK 
Andrew Wilson Inc., 
Union, N.J. 
(201) 686-2000 
Grassland Equipment & 

Irrigation, 
Latham (518) 785-5841 

NORTH CAROLINA 
E. J. Smith & Sons Co., 
Charlotte (704) 333-4141 

OHIO 
Sprinkler Irrigation, 
Covington (513) 473-7567 

OKLAHOMA 
Southwest Irrigation Co., 
Tulsa (918) 627-7272 

OREGON 
United Pipe & Supply Co., 
Eugene (503) 688-6511 
United Pipe & Supply Co., 
Portland (503) 281-0058 

PENNSYLVANIA 
Lewis W. Barton Co., 
Cherry Hill, N.J. 
(609) 429-6500 
E. H. Griffith, Inc., 
Pittsburgh (412) 271-3365 

TENNESSEE 
Irrigation Supply Co., Inc., 
Louisville, Ky. 
(502) 585-4305 
Ernest Hardison Seed Co., 
Nashville (615) 256-2659 

TEXAS 
LT Irrigation Supply Co., 
Hurst (817) 268-1101 
Watson Distributing Co., 
San Antonio 
(512) 824-7447 

UTAH 
Conely Co., 
Salt Lake City 
(801) 484-5208 

VIRGINIA 
Lewis W Barton Co., 
Richmond (703) 288-2962 

WASHINGTON 
Poison Co., 
Seattle (206) 622-2891 
Poison Co.. 
Spokane (509) 327-9571 

WISCONSIN 
Sprinkler Irrigation 

Supply Co., 
Addison, III. 
(312) 629-7730 

CANADA 
Buckner Sprinkler Co. 

(Canada) Ltd., 
Edmonton, Alberta 
(403) 466-4150 
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less injury than when the plants were 
completely submerged. In one case, 
elongated Penncross creeping bent-
grass stolons survived for an entire 
g rowing season wh i l e f loa t ing in 
water with only the leaves extending 
above the surface. 
Comments: It is not uncommon to 
establish golf courses, recreational 
areas and parks on low-lying flood 
plains adjacent to rivers. As a re-
sul t , tu r f s on these a reas a re 
periodically subjected to flooding. 
These investigations indicate that 
the professional turfman can mini-
mize flooding damage through the 
use of certain cultural practices. 

It is evident from this study that a 
subs t an t i a l r ange in submers ion 
tolerance exists among the common-
ly used cool season turfgrasses. Bent-
grass or Kentucky b luegrass are 
definitely preferred to red fescue or 
annual bluegrass. They also have a 
greater recuperative potential from 
surviving vegetative plant parts. In 
addit ion, it is obvious that certain 
creeping bentgrasses and Kentucky 
bluegrasses can survive submersion 
for a relatively long period of time 
provided that higher water tempera-
tures are avoided. The occurrence of 
high water temperatures is less like-
ly to occur where flooding involves 
a continuous flow of water across a 
turf area rather than shallow, stag-
nant pools. The latter problem can 
be avoided by insuring rapid removal 
of surface water accumulat ions by 
p r o p e r sur face c o n t o u r i n g or the 
use of slit trenches or surface drains 
connected to an adequate subsur-
face tile system. If shallow, stagnant 
pools of water develop on greens, the 
w a t e r should be removed by a 
squeegee-type device before the water 
temperature becomes excessively high. 

The increase in water temperature 
to lethal levels is most likely to occur 
in smal l , sha l low pools d u r i n g 
periods of high light intensity and 
high air t e m p e r a t u r e s . I n j u r y to 
turfs resulting from this condition is 
referred to as scald. This term may be 
somewhat misleading because scald 
injury can occur at water tempera-
tures cons iderab ly below the boiling 
point of 212° F. 

This paper is devoted to only one 
phase of flooding. Tha t is, the direct 
effect of submers ion on the tu r f . 
I lowever. one must remember that 
turfgrass damage by flooding can 

(Continued on page ¡2) 
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also occur due to (a) ac tua l displace-
ment of sods and soils w h e n subjected 
to f l o w i n g wa t e r of h igh velocity; (b) 
c o v e r i n g p o r t i o n s of t he t u r f w i t h 
wood , soil , and o the r debr i s wh ich re-
sults in dea th of the turf by light ex-
clusion a n d (c) depos i t ion of a soil 
layer , pa r t i cu l a r l y silt, wh i ch creates 
a so i l l a y e r i n g p r o b l e m a n d a s -
sociated long t e rm d i s r u p t i o n of soil 
air a n d w a t e r movement . T h e la t ter 
p r o b l e m is pa r t i cu la r ly di f f icul t to 
correc t . 

A study of certain nutritional re-
quirements for Tifgreen bermu-
dagrass ( C y n o d o n d a c t y l o n x C . 
t r a n s v a a l e n s i s L . ) Utilizing a hy-
droponic system. W.G. Xlenn and 
G.C. XlcBee. 1970. 62(2): 192-194. 
(from the Department of Soil and 
Crop Sciences, Texas AirM Universi-
ty, College Station, Tex. 77843). 

T i f g r e e n b e r m u d a g r a s s w a s g r o w n 
u n d e r v a r i o u s l e v e l s of n i t r o g e n , 
p h o s p h o r u s a n d p o t a s s i u m f o r t h e 
p u r p o s e of c o r r e l a t i n g v i s u a l 
analyses of these e lements . S ix- inch 
d i ame te r p l u g s were taken f r o m a m a -
ture m o n o s t a n d of T i f g r e e n b e r m u d a -
g r a s s . T h e p l u g s w e r e t h o r o u g h l y 

w a s h e d to r emove all soil and decayed 
p lan t m a t e r i a l . M o s t of the root sys-
t em w a s also e l i m i n a t e d . T h e p lugs 
w e r e placed in p lex ig lass f r a m e s over 
f iberg lass screens. The f r a m e con ta in -
ing a p lug w a s then p laced in a ga l lon , 
g l azed , porce la in c o n t a i n e r . 

S e v e n i n d i v i d u a l n u t r i e n t t r e a t -
m e n t s of n i t r ogen , p h o s p h o r u s a n d 
p o t a s s i u m were u t i l ized in the s tudy 
w i t h f o u r r e p l i c a t i o n s . T h e seven 
t r e a t m e n t s w e r e m a i n t a i n e d by a 
m o d i f i e d h y d r o p o n i c s y s t e m w h e r e 
a l l o t h e r e s s e n t i a l e l e m e n t s w e r e 
p r o v i d e d . T h e c u l t u r e s o l u t i o n s 
w e r e ae ra t ed and m a i n t a i n e d at a p H 
b e t w e e n 5.8 a n d 6 .2 . T h e nu t r i en t lev-
els m a i n t a i n e d d u r i n g t h e e x p e r i m e n t 
inc lude 0, 35 and 140 p a r t s per mil-
lion ( p p m ) of n i t r o g e n ; 0, 7 .75 a n d 
31 p p m of p h o s p h o r u s ; a n d 0, 58 .5 
a n d 2 3 4 p p m of p o t a s s i u m . 

V i s u a l r a t ings of t u r f g r a s s qua l i ty 
w e r e m a d e at weekly in te rva l s for a 
m o n t h fo l lowing d e v e l o p m e n t of the 
first v isual nu t r i en t def ic iency symp-
toms . Leaf c l ipp ings w e r e also col-
lected weekly for ana ly se s of the ni-
t r ogen , p h o s p h o r u s a n d po tas s ium 
con ten t . 

Specif ic r e l a t ionsh ips w e r e es tab-
l i shed b e t w e e n t he v i s u a l t u r f g r a s s 
q u a l i t y of T i f g r e e n b e r m u d a g r a s s 

and the n u t r i e n t content in the leaf 
t i s sue . N i t r o g e n w a s t he f i r s t n u -
t r i e n t to s h o w a v i sua l d e f i c i e n c y 
s y m p t o m . A r e d u c t i o n in s h o o t 
g r o w t h and loss of color occur red as 
t h e t i s s u e n i t r o g e n c o n t e n t d e -
clined below 2 2 , 5 0 0 p p m . C h l o r o s i s of 
l eaves a n d i n c r e a s e d s e e d h e a d f o r -
ma t ion also occur red w h e n the t is-
sue n i t rogen con ten t d ropped be low 
15.000 p p m . 

P h o s p h o r u s deficiencies in Ti fgreen 
b e r m u d a g r a s s f i r s t a p p e a r e d a s a 
d a r k p u r p l i s h - g r e e n colorat ion of the 
s h o o t s . S u b s e q u e n t l y a p a l e g r e e n 
color and r educ t ion in shoot g r o w t h 
occur red w h e n the p h o s p h o r u s con-
tent d r o p p e d below 2 ,000 p p m . In ad -
di t ion shoot g r o w t h suppress ion oc-
c u r r e d at h ighe r p h o s p h o r u s levels in 
t he r a n g e of 4 , 5 0 0 p p m . 

S y m p t o m s of po ta s s ium def ic iency 
f irst a p p e a r e d as a t h i n n i n g of shoo t s 
a n d n a r r o w i n g of t h e leaf b l a d e . 
This o c c u r r e d w h e n the p o t a s s i u m 

level decreased be low 18,000 p p m a n d 
w a s very dis t inct ive at po tas s ium tis-
sue con ten t s less t h a n 10,000 p p m . 
The grass did a p p e a r s o m e w h a t pa l e 

g reen at this lower po tas s ium level. 
Comments: The p r i m a r y ana ly t i ca l 
m e t h o d of d e t e r m i n i n g t u r f g r a s s 

(Continued on page 43) 

Robert Dean Putman designs the fourth great golf 
course for the Monterey Peninsula. Rancho Cañada, 

Already a golfer's paradise, the central California oceanside becomes a total golfing 
experience with the completion of the new Rancho Cañada course. Famed 

designer Robert Dean Putman created a distinctive personality for Rancho Cañada, 
complementary to the other famous courses nearby; Pebble Beach, Spyglass and 

Cypress. The 36 holes are laid out to fully utilize the lush Carmel River bottom 
with numerous small lakes adding to the beauty and challenge. 

9,999 other golf courses have preceded Rancho Cañada. It has been designated 
the ten thousandth built in the United States and, like the rest of the best, it is 

provided the finest in turf irrigation. Designer Putman specified the use of over 
190,000 feet of WESTERN PVC plastic pipe in the automatic sprinkling system. 

W e s t e r n Plast ics Corpora t ion • 2 3 3 0 Port of T a c o m a R o a d • T a c o m a , W a s h . 98421 



save • 

D o n ' t let it d i e . Lakes, ponds and 
reservoirs, like all living things, are 
born (or made). They live. They die. 
Man accelerates their dying. But he 
has invented a way to reverse the 
process. The system is called Air-
Aqua. Air-Aqua sends a flow of life-
sustaining airto all levels of the water. 
Where decay and dankness formerly 
prevailed, game fish can live and 
grow, winter and summer. Scum and 
algae diminish. Noxious bottom 
sludge oxidizes. Water becomes 
clearer, odor-free, fresh, inviting. Yet, 
a system engineered to do all this 
costs surprisingly little to buy, in-
stall and operate. Write us and see. 

HINDE 
H I N D E E N G I N E E R I N G C O M P A N Y 

D e p a r t m e n t 
654 Oeerf le ld Road H i g h l a n d Park, I I I . 60035 
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fe r t i l i za t ion prac t ices has been 
through the use of a soil test. Some-
times this method can be inadequate 
because the n u t r i e n t level de-
termined for the soil may not be avail-
able for uptake by the plant. 

An alternate approach involves the 
use of tissue analysis which mea-
sures the actual nutrient status of the 
t u r fg r a s s p l a n t . T h e l a b o r a t o r y 
analysis of tissue is very accurate. 
However, the primary problem in-
volves proper tissue sampling pro-
cedures. and proper interpretat ion 
of the results. Representat ive uni-
form, tissues of the same age and type 
must be selected. A particularly dif-
ficult p rob l em f r equen t l y as-
sociated with turfs is that minute 
quantities of dust or soil present on 
the shoots can adversely affect the 
t issue ana lys i s . Another se r ious 
problem in effective utilization of 
turfgrass tissue analysis has been the 
lack of sound scientific data on which 
to base interpretation of the results. 
Studies of the type reported in this 
paper will assist in eliminating this 
latter problem. 

Specific observations relating to this 
data include defining the nitrogen 
and potassium content of the tissue 
at which def ic iency s y m p t o m s 
develop. In the case of these two nu-
t r i en t s , the sever i ty of def ic iency 
symptoms increases as the nutrient 
content of the tissue decreases. In 
the contrast, phosphorus appears to 
have a critical level in Tifgreen ber-
m u d a g r a s s t i ssue r a the r t han a 
range. In summary, continuing in-
ves t iga t ions of this type may 
eventually provide sufficient infor-
mation so that tissue analysis of turf-
grasses could be effectively used in 
d iagnos ing the t u r f g r a s s n u t r i e n t 
status and requirements. • 

Other papers of interest: 
/ . Performance of croumvetch 
arid selected cool season grasses 
on roadside backslopes as af-
fected by slope exposure and ni-
trogen fertilization. A.E. Dudeck 
and J.O. Young. 1970. Agronomy 
Journal 62(3):397-399. (from the De-
partment of Horticulture and 
Forestry, University of Nebraska, 
Lincoln, Neb. 68503). 
2.Sources of variation in Cyno-
don Dactylon (L.) pers. J R. Har-
land and J.M.J. deWet. 1969. Crop 
Science. 9(6):774-778. (from the De-
partment of Agronomy, University 
of Illinois, Urbana, III. 61801). 
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