
Water Management 
Here is a summary of Irrigation Principles 

with which every Supt. should be familiar 

By ROBERT M. H A G E N 

(This is the second of two articles. The 
first appeared in June GOLFDOM?) 

\V111-11 you allow the soil to be dr ied 
o u t to a considerable d e p t h , then you 
must p l a n on a p p l y i n g a d e e p i r r iga t ion 
if you are going to recharge completely t he 
soil mois ture reservoir . T h e fol lowing char t 
shows you how much wate r it takes to wet 
these soils to given depths . 
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A loam soil, if you wet it to a d e p t h of 
one foot a f t e r it has been dr ied out , re-
quires o n e and a half inches; to two feet 
requi res th ree inches, and so fo r th . If you 
have a clay soil, five inches would be re-
qu i red to wet it to a d e p t h of two feet. 
O n e mus t recognize t ha t if he is go ing 
to take advan tage of d e e p roots and long 
i r r iga t ion intervals, it mus t be possible to 
apply and secure p e n e t r a t i o n of consider-
able d e p t h s of water where the i r r iga t ion 
season is short . You may be able to allow 
the subsoil mois ture to be gradual ly de-
pleted and d e p e n d u p o n fall rains to pro-
vide the d e e p i r r igat ion. However , some-
times o n e sees very touchy s i tua t ions created 
by a l lowing the subsoil mois ture reserve 
lo be deple ted . In such cases the grass is 
d e p e n d e n t only on a l imited supply. W h e n 
this is exhausted, the grass may dry ou t 

Hagen's paper was presented at GCSA conven-
tion In Long Beach, Calif, 

suddenly and p r o b a b l y he lost. 
T h e s imple calculat ion for predic t ing ir-

r igat ion f r equency which I gave previously 
can be used as a useful check on your ir-
r iga t ion opera t ions . It can h e l p you to f ind 
ou t wha t is the effective d e p t h of o u r ir-
r iga t ions or the effective d e p t h of the roots 
of o u r grass, whichever is the shallower. 
T h e effective d e p t h of e i ther the grass 
roots or t he i r r igat ion is equal to the irri-
gat ion in terval t imes the use rate d iv ided 
by the water -hold ing characteristics of the 
soil. 

Let 's take an i l lustrat ion. O n a golf 
course in a hot-dry area where the water 
use rate is .$ inches per day and the soil 
is a loam hold ing 1 i n c h e s of available 
water per foot, assume i r r igat ion is requi r -
ed every 2 days to avoid wilt ing. T h e n the 
ef fec t ive d e p t h of roo t ing or i r r igat ion is 
equa l to the i r r igat ion interval (2) times 
the use rate (.3) divided by the water-hold-
ing characterist ic of the soil ( l l /2) , o r (2) 
(3 ) /1 .5—2/5 foot . In o the r words, if irri-
ga t ion is needed every two days u n d e r 
these condi t ions , it means ei ther tha t the 
roots of our grass are restricted lo less t h a n 
a 6-inch d e p t h or t he water be ing app l i ed 
is p e n e t r a t i n g to a d e p t h of only a b o u t 
six inches. W h e n you encoun te r tilis situ-
at ion, it is q u i t e likely that the i r r igat ion 
wa te r is not p e n e t r a t i n g below this d e p t h . 
A soil t ube or some o ther sampl ing device 
will he lp check on this. You had be t te r 
take the t ime to f ind ou t what is going 
on d o w n there. 

Let's take ano the r i l lus t ra t ion of a golf 
course where the fairways were very dry 
yet they were irr igated every second night 
using one-hour sets o n the spr inklers . T h e 
wa te r use rate in the area is abou t .25 
inches p e r day. W h y are these fairways so 
dry? Check on wha t is h a p p e n i n g by a 
s imple calculat ion. Many spr inkler systems 
will p u t o n abou t one-third of an inch 
of water per hour . Assuming this applica-
tion rate , these fairways were receiving 



.33/2 or about .17 inches ol water per day 
— about one-half the irrigation require-
ment . 'Hius it is no wonder the fairways 
were dry despite irrigation every second 
night. Th i s t rouble did no t show up unt i l 
a f te r midsummer. Dur ing the first part of 
the summer, the grass got by without wilt-
ing by drawing some moisture f rom the 
subsoil to make up for the deficient irri-
gations. However, as the summer wore 
on, the grass used tip the deep soil mois-
ture reserve and became dependent u p o n 
the one-third inch handou t it got every two 
days. If the weather turned hotter and 
drier, there was real danger of losing the 
grass since there was no reserve left to 
draw on. El had been depleted by borrow-
ing on it all summer. 

If you are in a situation — and unfortu-
nately we are f inding more and more of 
these cases — where you have to get by 
with less water because the water is ration-
ed or there just isn't any water available 
for irrigating turf, wdiether it be on the 
golf course or on the home lawn, one way 
of stretching your water supply is to let 
your grass dry as much as possible before 
irrigating. Th i s can be done safely, par-
ticularly with the grasses like the bermudas 
and the zoysias or even with blnegrass, pro-
vided the soil conditions and irrigation 
practices have been such as to permit these 
grasses to have deep roots. These give lliem 
a reserve supply of moisture. As a result, 
the grasses dry out slowly over a longer 
period of time. It does not run complete-
ly ou t of water suddenly and die. 

T h e next figure shows the decreased use 
of water bv Meyer's zoysia at Davis as it 
became dry. 
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T h e ivdtti extracted dur ing the first forty-
"five days is indicated by the cross-hatched 
bars. T h e zoysia then looked somewhat dry 
al though it was still green. No water was 
applied. Dur ing the next fifty days, the 
grass extracted water indicated by the long-
er bars. T h e grass now appeared brown 
al though it was still green next to the 
soil surface. Comparison ol the area of 
cross-hatched bars to that of the longer 
bars shows that d u r i n g the last 50 days 
as the grass was becoming progressively 
drier it used far less water than it did 
dur ing the first 15 when it was green and 
growing. By pos tponing irrigation for the 
addit ional 50 days, less than half the water 
was required to maintain the zoysia al-
though, of course, it did look dry near the 
end of the test per iod . When irrigated, it 
came back to a green color rapidly and 
looked fine. T h e same th ing can be done 
with bermuda on deep soils, (A color slide 
was sliow:n of a thick U-3 bermuda root 
project ing out of a soil plug taken at a 
depth of five feel.) 

Formula Suggested 
Despite the deep root ing potent ia l of 

a grass like bermuda you sometimes see 
it soaked every few days. (A color slide 
was shown of a football s tadium in summer 
where f requent irrigation had made the 
soil soggy and the bermuda was do ing 
poorly). In most cases, less f r equen t irriga-
tion would reduce costs, save water and 
of ten produce a better bermuda turf. 

You will find the following formula use-
ful in checking on the amount of water 
you are applying. I suggest vott write it 
down and try it out when you gel back 
home. 

3fi.7 gallons water 
Precipitation = applied per day 

1,000,000 x acres irrigated 
(Fig. 14) 

T h i s allows you io convert the f igure yon 
find on some of your water hills (gallons) 
into average precipitat ion in inches per 
day. 

If you will carry out this calculation for 
your course, you may well come up with 
some surprising and informative results. 
Here is an illustration. A super in tendent 
told me that according to his records he 
was applying an average of 900.000 gal-
lons of water per day to an 18-hole golf 
course with an irrigated area of about 60 
acres. Well, is this good irrigation? Is this 
anywhere near what he needs lo buy and 
apply? Plugging these figures into the 
above formula shows he is applying an 



average of ,55 indies of water per day. 
For this t ime of the year in his area, the 
water use rate was only ,1 inch per day. 
Since there are some unavoidable losses 
dur ing any irrigation, he would, of course, 
have to apply more than the .2 Inch per 
day. Assuming an irrigation efficiency of 
75 per cent, and this is conservative, he 
should be applying about .25 inch per 
day. Actually in using 900,000 gallons per 
day he is applying more than twice as 
much as required. Yet he had some dry 
areas because he could not get uni form 
distr ibution of the water applied. T o keep 
these dry spots green he was forced to ap-
ply much too much water over most of the 
course. Better irr igation equ ipment would 
have helped him save money and water. 

Even in water-short desert areas you 
f ind golf courses using a great excess of 
water. (A color slide was shown nf such a 
course where water was s tanding in numer-
ous puddles and the grass just ahead of 
the irrigator was soggy f rom ihe previous 
irrigation). Excessive use of water in arid 
areas may in time produce a very serious 
problem — salinity. T h e r e are many ex-
amples of irr igation causing high ground 
water tables and in time a salty soil. When 
the ground water level is near the soil sur 
face, water carrying salts rises to the sur-
face. T h e water evaporates — leaving be-
h ind salt. (A color slide was shown of a 
field which looked good one year and was 
lost to salt the next year). I have seen on 
western golf courses some examples of ris-
ing water tables, accumulat ing salts and 
dying grass. Th i s was occurring in one 
case alongside an unl ined lagoon devel-
oped to enhance the beauty of the course. 
Unless steps are taken soon to prevent 
a fu r ther rise in water table, all will be 
lost to salt! In other courses consistent 
oveTirrigation is raising the water tables 
and with the water comes salt. These golf 
courses have t remendous investments which 
can easily be lost by nonsensical water 
management practices. 

Up to this po in t we have been consider-
ing the "when" and "how much" questions. 
Of at least equal importance is the prob-
lem of "how to apply" the water. T ime 
will not permit us to go into great detail, 
but I must call a few points to your at-
tent ion. 

Sprinkler manufac ture rs are do ing their 
best to provide you with sprinkler pat terns 
which will meet your needs. A typical 
sprinkler operated in one spot may give 
a distr ibution pat tern as follows. 
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W i t h this sprinkler, most of the water falls 
near the sprinkler with less and less the 
greater the distance f rom the nozzles. 
Sprinklers can be obta ined which apply a 
more nearly equal depth of water over 
the wetted area. These may be useful for 
certain situations. However, many sprink-
lers have a so-called "conical" pat tern as 
shown in the following figure. 
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(Fig. 16) 

By properly over lapping the pat terns of 
adjacent sprinklers, a nearly uni form pre-
cipitation over the wettest area can be ob-
tained. 

T i m e permits only a few short illustra-
tions of serious water management prob-
lems built-in when sprinkler systems were 
installed. O n e of these is the green with 
just one sprinkler in the center. (Fig. 17). 
T h e sprinklers commonly plugged into 
this center spot will give the most water 
near the center and less and less toward 
the outside edge. T h e super in tendent with 
this se tup has a diff icul t problem. If he 
applies enough water to take care of the 

(Figs, 17 and 18) 

outside edge of the green, he is pu t t ing 
too much water on the center of the green. 
One way to solve this problem is to place 
three o r four sprinklers around the edge 
of the green as sketched (Fig. 18) so that by 
proper overlap a more un i fo rm applica-



t ion can be ob ta ined over t he ent i re green. 
T h i s a r r angemen t also has advantages in 
windy si tuat ions. 

Fairways present similar problems. T h e r e 
are many fairways which have a single 
line of spr inklers down the center . As 
with the greens, if enough water is app l ied 
to keep the edges of the fairway f r o m dry-
ing up, the center s t r ip is badly overwa-
te red and o f t en soggy. W i t h this sort of a 
system, you have buil t- in t rouble and there 
isn't much you can d o to avoid wet centers 
and dry edges. T h i s p r o b l e m is generally 
no t so serious in the h u m i d par ts of the 
count ry because the ra in helps to overcome 
the lack of u n i f o r m water app l ica t ion dur-
ing i r r igat ions. But even in the h u m i d 
area, this single line system always gives 
too much water a long the middle of the 
fairway. In arid areas where o n e must de-
pend almost ent i re ly o n irr igat ion for 
mois ture , this system should no t be used. 
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(Fig. 19) 

T h e r e are several types of layouts which 
will improve the un i fo rmi ty of appl ica t ion 
on fairways. O n e is to r u n the center line 
down the fairway and then tee off short 
laterals to form a pa t t e rn like this. 
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(Fig. 20) 

Ins tead of hav ing all the spr inklers in a 
l ine down the center , this gives an offset 
a r r a n g e m e n t which helps to reach the 
edges and reduces water in the middle . 

Ano the r possibility is to run three lines 
a n d space the spr inklers in a s taggered 
pa t t e rn a long each line as sketched below. 

Such a system, of course, costs m o r e mon-
ey, T h i s three-l ine system with j i roper 
over lap gives good d i s t r ibu t ion across most 
of the fairway. It is an excel lent system to 
use in an area where sh i f t ing winds arc a 
p rob lem. If the w ind is b lowing f rom the 
t o p in this sketch, you can ope ra te only 
the top two lines; if the wind LS f r o m the 
bo t tom, o p e r a t e only the two bo t tom lines. 
T h i s gives you the flexibil i ty you shou ld 
have in" arty good sp r ink le r instal lat ion. 

A brief c o m m e n t a b o u t traveler sprink-
lers may be h e l p f u l . T h i s is a very use-
f u l type, of spr inkler , bu t the pe r fo rmance 
characteristics of travelers should be rec-
ognized in p l a n n i n g irr igat ion opera t ions 
wi th them. W i t h average nozzling and un-
der typical opera t ion speeds, they apply 
between -18 a n d .25 inch of water iti a 
single pass. II t h e soil is dry, this shallow 
d e p t h of w a t e r will wet a sandy soil only 
three inches deep, a loam about one and 
a half inches d e e p and a clay soil less than 
one inch. Unless m o r e than one pass is 
used, the grass is given very l i t t le water 
to grow on , a n d it is n o w o n d e r that is is 
dry the nex t day or two thus r e q u i r i n g 
very f r e q u e n t i rr igat ions. 

By sensible wa te r m a n a g e m e n t , I wish 
to suggest that we study o u r own s i tuat ion 
and intel l igent ly plan and carry o u t irriga-
tion practices which will p roduce good turf 
at a m i n i m u m cost for water and labor. 
O n e can easily waste money, waste water 
a n d cause many turf p rob lems e i ther by 
a p p l y i n g too much water or by app ly ing 
too little water too o f t en . 

Let 's be sensible in our water manage-
ment . Avoid d ry ing u p the grass if wc 
have water a n d e q u i p m e n t to prevent it. 
O n the o ther h a n d , don ' t d r o w n it out . 
I r r igat ion is carried ou t lor the pu rpose 
of supply wa te r to the grass. 

Ccifiodion Amateur 
T h e 52nd C a n a d i a n Amateu r C h a m p i o n -

ship will be played at E d m u n d t o n (N. B.) 
G C Aug. 15-18 wi th qua l i fy ing r o u n d s 
scheduled for the 13th and 14th. T h e 
field will be reduced to 64 qual i f ie rs for 
the championsh ip which will be at match 
play. 

(Fig. 21) 

Ampufee Tournament 
T h e eighth annual Amputee Amateur 

tournament will he played Aug. 24-25 at Lake 
Shore Yacht and CC, Syracuse, N, Y. Entrants 
will plav 3fi holes in six divisions which are 
based on skill and age. Inquiries about the 
ton in anient should be addressed to i)alt- S. 
Rourisseau, secv,. National Amputee Golf 
Assn., Solon Center llldg,, Solon, O. 


