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LAWN RENOVATION - N E E D F O R - P R E V E N T I O N -
RENOVATION METHODS 

Roy L . G o s s * 

Lawn renovat ion i s c e r t a i n l y not a new concept in lawn m a n a g e m e n t . It 
i s something that has been p r a c t i c e d for many y e a r s , and t h e r e wi l l a lways be 
a continuing need for this type of p r a c t i c e on older e s t a b l i s h e d lawns. Renova-
tion as the t e r m i m p l i e s cons t i tu tes a changing over of an ex is t ing p r o b l e m . 
Renovat ion can imply anything f r o m m e r e l y removing thatch to comple te r e m o v -
a l of a l l sod, r e l e v e l i n g the ground, and c o m p l e t e l y r e s e e d i n g . 

Renovation as I sha l l d i s c u s s it today wil l be c o n c e r n e d only with the r e -
m o v a l of c e r t a i n u n d e s i r a b l e f a c t o r s and with the br inging about of n e c e s s a r y 
condit ions for the proper growth and m a n a g e m e n t of turf g r a s s e s . In this d i s -
c u s s i o n the f i r s t assumpt ion that I wish to m a k e is that t h e r e a r e no m a j o r 
l imit ing so i l p r o b l e m s ex i s t ing . The only problem i s w h e r e g r a s s has gotten 
out of hand due to lax management , the l o s s of this g r a s s by d i s e a s e or other 
c a u s e s , to where weeds or u n d e s i r a b l e g r a s s e s have invaded to the point that 
renovat ion b e c o m e s n e c e s s a r y . 

Need for Renovat ion 

1. Thatch . The f o r m a t i o n of dense m a t s of dead but not decomposed 
s tolons , g r a s s s t e m s , and perhaps l e a v e s is one of the m a j o r c a u s e s for the 
thatch f o r m a t i o n . Thatch or m a t a c c u m u l a t i o n to depths of 8 to 10 i n c h e s i s 
not uncommon. M o r e often, thatch i s encountered in depths of 2 to 4 i n c h e s 
deep, which i m p o s e s some s e r i o u s l i m i t a t i o n s upon the growth and proper 
m a n a g e m e n t of our lawn g r a s s e s . 

Thatch not only s e r v e s a s a wonderful r e t r e a t for i n s e c t s and d i s e a s e s 
but i t a l s o i n t e r f e r e s with the m o v e m e n t of w a t e r , a i r , and nutr ients into the 
so i l . When this m a t of dead g r a s s builds up deep enough on the so i l s u r f a c e , 
w a t e r tends to run off as i t would f r o m a hay s t a c k . T e n s i o n builds up on the 
s u r f a c e of the g r a s s when it i s dry and does not al low w a t e r to enter r e a d i l y . 
On lawns that have s lopes , this water wi l l m o r e often run off than run in. Deep 
thatches wi l l soak up a c o n s i d e r a b l e port ion of the applied s p r i n k l e r water to 
the point w h e r e s u r f a c e rooting i s induced. When f requent l ight appl icat ions of 
s p r i n k l e r water a r e applied it i s quite often only enough to wet this thatch l a y e r . 
A good port ion of this applied water i s ava i lab le for i m m e d i a t e evaporat ion due 
to ac t ion of sun and wind, hence you may say the e f f e c t i v e n e s s of the applied 
i r r i g a t i o n is v e r y low. The m o r e that the lawn g r a s s tends to grow and develop 
r o o t s on the s u r f a c e the m o r e s u s c e p t i b l e this g r a s s i s to per iods of drought or 
e x t r e m e l y hot w e a t h e r . If this thatch condition cont inues unchecked then it i s 
only a m a t t e r of t ime until renovat ion b e c o m e s n e c e s s a r y . 

2. S u m m e r L o s s . F o r the sake of no b e t t e r t e r m for this phenomenon 
I am l is t ing it as s u m m e r l o s s . Some g r a s s e s j u s t cannot withstand e x t r e m e 
heat condit ions, and of c o u r s e the one that i s m o s t f a m i l i a r to a l l of us i s P o a 

A s s i s t a n t A g r o n o m i s t and E x t e n s i o n Turf S p e c i a l i s t , W e s t e r n Washing-
ton E x p e r i m e n t Station, Puyallup, Washington 



annuaQ Lawns that run high to P o a annua suf fer the g r e a t e s t l o s s f r o m e x -
t r e m e l y hot conditions in the s u m m e r . This l o s s g e n e r a l l y does not o c c u r in 
any one s p e c i f i c a r e a in the lawn, but it i s g e n e r a l l y s c a t t e r e d throughout the 
e n t i r e lawn. In this c a s e it l e a v e s the lawn looking v e r y ragged and uneven. 

L o s s of d e s i r a b l e turf g r a s s e s a l s o o c c u r s in the s u m m e r due to inade-
quate or i m p r o p e r i r r i g a t i o n methods . In s o m e a r e a s w a t e r i s ra t ioned during 
c r i t i c a l per iods in the s u m m e r , and not enough w a t e r can be applied to the lawn 
to keep it in a g r e e n and growing condit ion. If this per iod i s extended enough 
s o m e of t h e s e g r a s s e s not only go dormant but s o m e die out c o m p l e t e l y leaving 
l a r g e dead a r e a s in the lawn. If le f t to nature these l a r g e dead a r e a s wi l l even-
tually f i l l in, but the type of g r a s s to which they f i l l i s a l m o s t a lways u n d e s i r -
ableQ To say the l e a s t these a r e a s wil l not f i l l in unti l the f a l l cool s e a s o n 
a r r i v e s and in m o s t c a s e s i t i s P o a annua and w e e d s . L o s s of turf can a l s o 
o c c u r in the s u m m e r where adequate amounts of i r r i g a t i o n w a t e r a r e being 
applied if the water does not penetra te the soi l c Thatch f o r m a t i o n , c o m p a c t e d 
s o i l s , or j u s t plain s teep g r a d e s wil l c a u s e t h i s . 

3 . D i s e a s e s . C e r t a i n turf g r a s s d i s e a s e s wil l k i l l out enough of ex is t ing 
lawns to n e c e s s i t a t e renovat ion in the f a l L This i s not so much a problem in 
the P a c i f i c Northwest a s it i s in other a r e a s of the United S t a t e s . However, 
d i s e a s e s such a s r e d t h r e a d and F u s a r i u m patch can weaken the tur f to such a 
d e g r e e that i t can be invaded by u n d e s i r a b l e s p e c i e s , eventual ly causing the 
need for renovat ion . 

4 . Weeds 0 Weed populations l a r g e enough to c a u s e renovat ion can o c c u r . 
Lawns that have been s e r i o u s l y neglec ted for f e r t i l i z a t i o n and other m a n a g e -
m e n t p r a c t i c e s can develop v e r y l a r g e weed populations. If t h e s e weeds a r e 
c h e m i c a l l y removed, then quite often so m u c h b a r e ground i s exposed that some 
modi f i ca t ions a r e needed to br ing the a r e a b a c k into a d e s i r a b l e lawn. 

C r a b g r a s s , even though not s e v e r e in w e s t e r n Washington, could a s s u m e 
s igni f i cant proport ions in e a s t e r n Washington, e a s t e r n Oregon, and Idaho. This 
g r a s s y weed can build up i t s population v e r y rapidly to the point w h e r e it c a n 
take over d e s i r a b l e turf s p e c i e s . With the advent of fa l l and f r o s t this g r a s s i s 
k i l l ed i m m e d i a t e l y leaving the lawn brown and dead0 This would be adequate 
c a u s e for a renovat ion p r o g r a m . V e l v e t g r a s s and other weedy g r a s s e s in the 
Northwest in s o m e c a s e s a r e building up to the point w h e r e renovat ion wi l l even-
tually b e c o m e n e c e s s a r y . T h e s e a r e only a few e x a m p l e s of weeds that wi l l 
c a u s e or br ing about the need for renovat ion in the future . Many o t h e r s a r e 
present ing s i m i l i a r p r o b l e m s i f r e m e d i a l m e a s u r e s a r e not made quickly. 

Prevent ing the Need for Renovat ion 

1. S p e c i e s . The s e l e c t i o n of the proper s p e c i e s of turf g r a s s for your 
lawn is v e r y important in e l iminat ing any future need for lawn renovat ion . The 
long- l ived p e r e n n i a l s a r e the ones which we should s e l e c t for our permanent 
plant ings. In e a s t e r n Washington, Oregon, and Idaho any of the b l u e g r a s s e s 
and f e s c u e s do a wonderful job for permanent lawns. However, in w e s t e r n 
Washington, Oregon, and B r i t i s h Columbia it i s a somewhat d i f fe rent s t o r y . 
In this wet te r , m i l e r c l i m a t e the b l u e g r a s s e s do not t h r i v e so wel l , and a r e 
eventual ly overr idden by native b e n t g r a s s e s and other e n c r o a c h i n g native g r a s s e s . 

It i s wel l known that the b e n t g r a s s e s , both the c reep ing and noncreeping 
types, wil l eventual ly c a u s e s e r i o u s t rouble with thatching if they a r e not p r o p e r l y 



managed at a l l t i m e s . It would look to one at this point that i t i s diff icult to 
find a g r a s s which would p e r f o r m s a t i s f a c t o r i l y on the w e s t c o a s t . This i s only 
p a r t i a l l y t rue , s ince the b e n t g r a s s e s in con junct ion with r e d f e s c u e or chewings 
f e s c u e m a k e e x c e l l e n t quality lawns in w e s t e r n Washington provided they a r e 
given proper m a n a g e m e n t . The r e a s o n why b e n t g r a s s e s have not been s p e c i f i -
c a l l y r e c o m m e n d e d in w e s t e r n Washington is that they ac tua l ly respond a s 
s h o r t - l i v e d p e r e n n i a l s . In m o s t c a s e s they do not p e r s i s t for any longer than 
3 to 4 y e a r s as sol id s tands . They b e c o m e invaded by annual b l u e g r a s s e s and 
b e n t g r a s s e s a s wel l as by other weeds and other g r a s s e s . When the b l u e -
g r a s s e s a r e r e p l a c e d by native vege ta t ive or c reep ing types of b e n t g r a s s e s 
then thatching i s a l m o s t inev i tab le . When this o c c u r s the renovat ion wil l gen-
e r a l l y follow within a shor t per iod. It i s t h e r e f o r e i m p e r a t i v e that we s e l e c t 
the proper s p e c i e s for the proper geographic loca t ion . 

2. Mowing. Mowing i s perhaps the m o s t i m p o r t a n t point in the m a n a g e -
m e n t of our turf g r a s s e s in preventing any need f o r lawn renovat ion . High 
mowing does not r e m o v e enough of the old s t e m s and vege ta t ive port ions to 
prevent them f r o m lying on the s u r f a c e where they a c c u m u l a t e and eventual ly 
c a u s e t h e s e thatching condi t ions . As the s t e m s and s tolons a c c u m u l a t e they 
r e t a i n m o r e water and m o r e of the plant nutr ients , t h e r e b y encouraging s u r -
f a c e root ing. S u r f a c e rooting wil l continue to add m o r e to the thatch with t i m e . 
In e a s t e r n Washington, Oregon, Idaho, and B r i t i s h Columbia, the b l u e g r a s s 
and f e s c u e tur fs should be mowed to heights of 3/4 to 1 inch without any i l l e f -
f e c t s . T h e s e g r a s s e s can even be mowed to 1/2 inch, however , this i s r a r e l y 
n e c e s s a r y . Mowing to about 3/4 of an inch wil l promote leaf ing out c l o s e r to 
the ground and d i s c o u r a g e s t e m m i n e s s of the g r a s s e s . If the b l u e g r a s s e s and 
f e s c u e s w e r e mowed to 2 inches or so in height, s e r i o u s thatch accumula t ion 
would o c c u r in a per iod of t i m e . The b l u e g r a s s e s , due to new shoots being put 
up f r o m the r h i z o m e s , i n c r e a s e the i r population v e r y rapidly . Eventual ly a 
dense , tough m a t of dead s t e m s wi l l occupy m o s t of the so i l s u r f a c e . 

In w e s t e r n Washington, where the b e n t g r a s s e s and f e s c u e s a r e the p r e -
dominant types, mowing should never be p r a c t i c e d higher than 1 inch . S ince 
the b e n t g r a s s e s continue the i r growth throughout the winter , i t can be sa id that 
they grow e f f e c t i v e l y a l l y e a r long. Hence stolon and s t e m accumula t ion i s 
v e r y rapid with the b e n t g r a s s e s . If t h e s e g r a s s e s a r e cut down to 3/4 of an 
inch in height t h e r e i s a min imum a c c u m u l a t i o n of this organic d e b r i s . 

One of the f a i l u r e s of industry today i s the production of mowing equip-
ment without proper consul ta t ion to d e t e r m i n e the u s e of this equipment . Many 
of our r o t a r y m o w e r s today wil l not cut c l o s e l y enough to prevent this thatching 
format ion , and even s o m e of the r e e l type m o w e r s wi l l not get down this low 
e i t h e r . Another s e r i o u s l imi ta t ion i s that even though the m o w e r s wi l l ad jus t 
to sui table heights , the i n c r e m e n t s between the se t t ings a r e so l a r g e that to s e t 
down to a lower height r e s u l t s in s e r i o u s in jury to the g r a s s e s . T h e s e a r e prob-
l e m s that an a g r o n o m i s t can br ing out, but cannot prevent due to the indust r ia l 
t i e - u p . 

3 . F e r t i l i z a t i o n . Th is i s a m o s t c o n t r o v e r s i a l sub jec t , s ince high r a t e s 
of n i t rogen tend to d i s c o u r a g e thatch format ion , w h e r e a s low r a t e s of n i t rogen 
wi l l i n c r e a s e thatch f o r m a t i o n . P e r h a p s the m o s t impor tant f a c t o r operat ing 
h e r e i s that enough ni t rogen i s ava i lab le for decompos i t ion of accumulat ing o r -
ganic d e b r i s a s c o m p a r e d to l i t t le n i t rogen ava i lab le for this decomposi t ion 
under low ni t rogen l e v e l s . This i s the carbon/ni t rogen r a t i o in ac t ion . If the 
carbon/ni t rogen r a t i o b e c o m e s too wide, then we can c e r t a i n l y expec t thatch 
f o r m a t i o n b e c a u s e b a c t e r i a l decay wil l not k e e p a b r e a s t of the accumula t ion of 



the organic m a t e r i a l . P e r h a p s another impor tant f a c t o r operat ing h e r e is that 
g r a s s with high l e v e l s of n i t rogen contains a lower amount of l igni f ied t i s s u e 
which wi l l b r e a k down m o r e r e a d i l y than the highly l ignif ied t i s s u e of g r a s s e s 
with low ni trogen l e v e l s . This d i s c u s s i o n of n i t rogen i s not to d i s c r e d i t phos-
phorous and potash;, but only e m p h a s i z e s that t h e s e two should be in adequate 
amounts and in b a l a n c e with a l l of the n u t r i e n t s . However, i t i s known that 
n i t rogen i s one of the control l ing f a c t o r s in thatch a c c u m u l a t i o n . 

I b e l i e v e that i t would be safe to say that turf g r a s s e s , whether in the 
e a s t e r n part of the n o r t h w e s t e r n s t a t e s or on the w e s t c o a s t proper , should 
r e c e i v e a min imum of 4 l b s . of ava i lab le n i t rogen annually, that i s , during 
the growing s e a s o n . The m a x i m u m r a t e of n i t rogen f e r t i l i z a t i o n should be a -
round 8 l b s . of n i t rogen per 1000 sq. f t . This ni trogen, or any of the f e r t i l i -
z e r s for that m a t t e r , should be applied to the a r e a in a min imum of t h r e e equal 
appl ica t ions throughout the season , or a s many a s four or f ive i f you go to the 
higher r a t e s of f e r t i l i z a t i o n . 

4 . Other . Under this s e c t i o n a multi tude of things could be ment ioned 
that would poss ib ly prevent any need for lawn renovat ion . However, two or 
t h r e e of the m o r e important ones wi l l be c o n s i d e r e d . I r r i g a t i o n , which was 
ment ioned only b r i e f l y previously , i s important in preventing a need for r e n o -
vation„ Instead of the c o m m o n l y r e c o m m e n d e d f requent and light appl ica t ions 
of i r r i g a t i o n water , we would r a t h e r r e c o m m e n d deep and thorough l e s s f r e -
quent, i r r i g a t i o n . On many o c c a s i o n s I have found that w h e r e i r r i g a t i o n s a r e 
f requent and light water has never penetra ted the soi l , but has only been able 
to wet the thatch l a y e r . A deep i r r i g a t i o n wil l wet the so i l down to at l e a s t 8 
to 10 i n c h e s deep and perhaps even a foot, i f this much good so i l e x i s t s . 

V e r t i c a l mowing, power raking, or any combinat ion of thatch r e m o v a l 
and a e r a t i o n , or other m e c h a n i c a l t r e a t m e n t s wi l l tend to prevent thatch f o r -
mat ion or l o s s of turf g r a s s e s and prevent the need for lawn renovat ion . 

5 . The Cure or Lawn Renovat ion. The following s teps a r e r e c o m m e n d e d 
for renovat ing an old lawn that has e i ther been los t by thatch accumulat ion , d i s -
e a s e , s u m m e r l o s s , or other c a u s e s , or when one m e r e l y wants to r e e s t a b l i s h 
a b e t t e r - q u a l i t y lawn. As pointed out b e f o r e , this does not c o n s i d e r c o m p l e t e l y 
rebui lding with new s o i l s . 

A. Mow the lawn to a height of 1/2 inch and r e m o v e a l l the old c l ippings . 
This wi l l c e r t a i n l y be a h a r s h t r e a t m e n t to the exis t ing g r a s s , p a r t i c u l a r l y if 
it has been cut at heights of 1 - 1 / 2 to 2 inches or h i g h e r . The g r a s s wil l appear 
dead and m u c h of it wi l l be, however, a good port ion of the m o r e d e s i r a b l e 
g r a s s e s wi l l c o m e b a c k . 

B . P o w e r rake , A e r o - t h a t c h , v e r t i - c u t , or a e r a t i o n . 

a . Power r a k e is a r o t a r y i n s t r u m e n t with s m a l l spring t ines designed 
to s c r a t c h out or r a k e out a l l of the old organic d e b r i s on the so i l s u r f a c e . 
This m a c h i n e should run over the g r a s s enough t i m e s so that the old d e b r i s 
i s r a k e d out, down to new so i l . This does not m e a n to s t r i p the ground c o m -
plete ly b a r e , but to r a k e so that some soi l i s exposed, and s o m e of the g r a s s 
is s t i l l rooted to the so i l . 

bo An a e r o - t h a t c h i s a m a c h i n e that has been introduced on the m a r k e t 
in r e c e n t y e a r s . It wi l l both r a k e out and cut g r o o v e s into the so i l . The thatch 
i s removed, and the so i l i s l ightly t i l l ed in one operat ion . This m a c h i n e then 
wi l l l eave a suitable seed bed for subsequent r e s e e d i n g . 



c . V e r t i - c u t . The v e r t i - c u t m a c h i n e i s des igned a l m o s t s p e c i f i c a l l y for 
thatch r e m o v a l . This mach ine wi l l cut out a l l of the old thatch, removing m o s t 
of the s u r f a c e stolons and cutting b a c k the ex is t ing growth to the ground l ine . 

With a l l of these m a c h i n e s , the p r i m e o b j e c t i v e i s to r e m o v e the thatch 
and expose s o m e of the m i n e r a l so i l so that r e s e e d i n g can be p r a c t i c e d . 

Af ter a l l of the organic d e b r i s has been r e m o v e d f r o m the so i l s u r f a c e , 
i n s p e c t the lawn and s e e if there a r e high spots that should be r e m o v e d or if 
t h e r e a r e low spots that should be f i l l ed . Af ter this has been taken c a r e of, 
p r o c e e d with the o v e r - s e e d i n g of the lawn. B r o a d c a s t enough seed over the 
s u r f a c e of the lawn to i n s u r e a good r e p l a c e m e n t stand of young s e e d l i n g s . 
In the c a s e s of b e n t g r a s s e s and f e s c u e combinat ion, 2 to 3 l b s . of seed per 
1000 sq. f t . should be b r o a d c a s t . In the c a s e s of b l u e g r a s s e s , about 2 l b s . 
of s e e d per 1000 sq. f t . should be suf f i c ient . 

T h e r e a r e two a p p r o a c h e s for getting seed into the s o i l . The f i r s t would 
be to r a k e the seed in l ightly a f t e r b r o a d c a s t i n g and then r o l l the s u r f a c e down. 
The second would be to rake the seed in, l ightly top d r e s s with a sui table so i l 
m i x t u r e , and r o l l a f t e r that. 

By approaching the renovat ion prob lem in this m a n n e r you can take advan-
tage of some good g r a s s e s s t i l l r e m a i n i n g in the lawn a r e a . T h e s e wil l quickly 
r e c o v e r and soon give an adequate s u r f a c e c o v e r while the seedl ings a r e e s t a b -
l i sh ing . They wil l be f a s t in es tab l i sh ing , and the method wil l perhaps be l e s s 
expens ive in the long run. 

P o o r space s t r u c t u r e , t ex ture , water -ho ld ing capac i ty , a e r a t i o n , c o m -
paction, nutr ients , e t c . , a r e a l l i n s e p a r a b l e f a c t o r s in turf s o i l s . Many of 
t h e s e a r e r e l a t e d to the t e m p e r a t u r e f a c t o r which i s so impor tant to root growth. 





SNOWMOLD C O N T R O L AND O T H E R D I S E A S E 
S T U D I E S IN E A S T E R N WASHINGTON 

Ted F i l e r 1 

Thank you, D r . P a t t e r s o n , I m u s t say i t i s a p l e a s u r e to be h e r e today. 
The work I have been doing on the c o n t r o l of snowmold has been in conjunct ion 
with the Agronomy D e p a r t m e n t at Washington State U n i v e r s i t y . Our ob jec t ive 
in doing r e s e a r c h on c o n t r o l of turf d i s e a s e s in the e a s t e r n par t of the s ta te i s 
not to t e s t new m a t e r i a l ; we have g e n e r a l l y used the m a t e r i a l s which D r . Gould 
has t es ted in his work . 

In the f i r s t t e s t s we put out in 1958, we not ice that the r a t e s of c h e m i c a l s 
which do such a good j o b on the wes t side of the C a s c a d e s wil l not do the job in 
the e a s t e r n par t of the s t a t e . We a l s o not iced that w h e r e it i s n e c e s s a r y on the 
c o a s t to use ten gal lons of water as the c a r r i e r in the appl icat ion of the c h e m i -
c a l s , this does not appear to be t rue in the e a s t e r n part of the s ta te . I b e l i e v e 
that the big d i f f e r e n c e i s the t ime of y e a r the c h e m i c a l s a r e applied. Our work 
i s with snowmold and not F u s a r i u m patch, although we do have a d i s e a s e c o m -
plex in which both F u s a r i u m nivale and Typhula sp. a r e p r e s e n t . 

I want to point out at this t i m e that the r e s u l t s I a m about to show you a r e 
m o s t l y f r o m one y e a r ' s work. I b e l i e v e that the t e s t should be continued for 
another y e a r , and i f the r e s u l t s a r e s i m i l a r they could be used . If any one 
wants to use these c h e m i c a l s and r a t e s he should do so with caution to t e s t the 
r a t e s . The b i g g e s t prob lem would be getting d i s c o l o r a t i o n of the g r a s s . 

The ideal t ime to put the c h e m i c a l s out would be b e f o r e the f i r s t snowfall 
or b e t t e r yet b e f o r e the p e r m a n e n t snow c o v e r . In this way you could get by 
with one or two s p r a y t r e a t m e n t s in the fa l l . 

S l ide 1. F i e l d plot on Putting g r e e n in 1958 

PMAS 2 oz. gave 9 1 . 2 per cent c o n t r o l . 

Panagon 2 oz. gave 60 . 2 per cent c o n t r o l . 

Sl ide 2. Will show the amount of snowmold we had at P u l l m a n that y e a r . The 
g r e e n s w e r e sprayed in e a r l y S e p t e m b e r (2 oz. PMAS) . This gave only 20 per 
cent c o n t r o l . 

Sl ide 3. This shows the s u m m a r y of the r e s u l t s of l a s t y e a r ' s work . The f i r s t 
thing I want to point out i s the d i f f e r e n c e found in c o n t r o l when d i f ferent amounts 
of w a t e r w e r e used with c h e m i c a l s at the s a m e r a t e . F o r example , PMAS with 
5 gal lons of water gave twice the c o n t r o l as with 10 gal lons of w a t e r . The dif -
f e r e n c e s obtained in c o n t r o l w e r e s i m i l a r with m o s t of the c h e m i c a l s used, but 
the g r e a t e s t d i f f e r e n c e s appeared when the amount of the c h e m i c a l used was of 
a " m a r g i n a l dosage' 1 (a dosage which m a y give good c o n t r o l under idea l condi-
tions ). 

^Department of P lant Pathology, Washington State Univers i ty , Pul lman, 
Washington. 



PMAS - 1 oz. 5 gal lons of water gave 
P u l l m a n 

73% 
Spokane 

9 7 % 

PMAS - 1 oz . 10 gal lons of water gave 51% 30 . 3 % 

PMAS - 2 oz . 5 gal lons of w a t e r gave 9 5 % 9 5 % 

PMAS - 2 oz . 10 gal lons of water gave 9 2 % 9 0 % 

C a l o c l o r - 3 oz. 5 gal lons of water gave 9 3 % 9 3 % 

C a l o c l o r - 4 oz. 5 gal lons of water gave 9 5 % 9 5 % 

Cadminate - 2 oz. 5 gal lons of water gave 9 3 % 88. 1% 

Cadminate - 4 oz. 5 gal lons of w a t e r gave 9 8 % 8 5 % 

Panagon - 4 oz . 5 gal lons of w a t e r gave 9 1 % 100% 

Panagon - 6 oz . 5 gal lons of water gave 9 5 % 100% 

Slide 4 . This i s a p ic ture of #8 g r e e n at P u l l m a n on the 1959 study. This shows 
the amount of snowmold we had on the bunkers and the edge of the t e s t p lots . 
P i c t u r e s taken in March , I 9 6 0 . 

Sl ide 5. P l o t on g r e e n #8 at P u l l m a n . Shows the check plots . On the r ight i s 
Panagen 4 oz. , below the Panagen is C a l o c l o r 3 oz. , on the le f t i s Panogen 6 
oz . , then the c h e c k and this plot a r e PMAS 2 oz. 

Sl ide 6. This i s #2 g r e e n at P u l l m a n . This a l s o shows the amount of snow-
mold we had on the edge of the plots . You can s e e that in the t r e a t e d a r e a 
t h e r e was v e r y l i t t le snowmold on any of the plots e x c e p t the check plots . 

Sl ide 7. This i s #2 g r e e n at P u l l m a n . This i s to show the c o m p a r a t i v e c o n t r o l 
of s o m e of the c h e m i c a l s used. Panogen 4 oz. on the r ight of the c o n t r o l . Cad-
m i n a t e 4 oz. , C a l o c l o r 3 oz. 5 gal . Below is C a l o c l o r 4 oz . 10 gal . and to the 
l e f t i s Panogen 6 oz. , the check and above a r e PMAS 1 oz. 

Sl ide 8 . A c l o s e - u p of plots t r e a t e d with Panogen 4 oz. , C a l o c l o r 4 oz. and 
Panogen 6 oz. 

Sl ide 9 . The next two s l ides show the amount of phytotoxic i ty we had f r o m the 
appl icat ion of the fungic ides . Panogen and Cadminate gave v e r y l i t t l e phyto-
toxic i ty PMAS, C a l o c l o r caused the turf to be d i s c o l o r e d , and m e r c u r y ch lor ide 
c a u s e d ex tens ive d i s c o l o r a t i o n . 

Slide 10. This shows a l s o the amount of phytotoxici ty we got when applying the 
c h e m i c a l s at the d i f fe rent r a t e s . 

S u m m a r y 

PMAS - 2 oz. per 1000 sq. ft . (5 gal . of w a t e r ) 

C a l o c l o r - 3 oz. in 5 gal . of water 



Cadminate - 2 oz. in 5 gal . of water 

Panogen - 4 oz. in 5 gal . of water 

Any of the above c h e m i c a l s wil l give c o n t r o l of snowmold i f applied a f t e r f i r s t 
snowfal l or b e f o r e permanent snow c o v e r . 

I a m at p r e s e n t working on f a i r y r ing d i s e a s e . I a m not working on con-
t ro l as such, but I ant ic ipate that in m y r e s e a r c h I wil l br ing out enough i n f o r -
mat ion through which s o m e type of contro l can be worked out. I have been 
working with this p r o b l e m s i n c e I c a m e to Washington. I have no posi t ive f a c t s 
to p r e s e n t at this t ime , but I do have indicat ions that the fungus wil l reduce 
growth of g r a s s and that it i s pathogenic . I a l s o b e l i e v e that s o m e subs tance i s 
p r e s e n t in the so i l w h e r e the fungus has grown which reduced the p e r m e a b i l i t y 
of the s o i l . 





T U R F D I S E A S E S T U D I E S IN W E S T E R N WASHINGTON 

C h a r l e s J . Gould* 

The m o r e we study turf d i s e a s e s in w e s t e r n Washington, the m o r e c o m -
plex the s i tuation a p p e a r s . Many d i f fe rent kinds of fungi have been found to be 
involved, and t h e s e v a r y c o n s i d e r a b l y in pathogenic i ty . In addition, v a r i o u s 
enviornmenta l f a c t o r s e x e r t the i r in f luence . Such f a c t o r s as a i r and so i l t e m -
p e r a t u r e s , r e l a t i v e humidity, so i l m o i s t u r e , so i l type, so i l nutrit ion, and 
o t h e r s inf luence d i s e a s e development, individually and c o l l e c t i v e l y . Nutrit ion 
is one f a c t o r that we should examine m o r e c l o s e l y s i n c e i t i s proving to be one 
of the m o s t important in re tard ing or s t imulat ing development of the fungi 
causing such m a j o r d i s e a s e s as F u s a r i u m patch, r e d thread, and f a i r y r ing. 
This paper includes c o m m e n t s found in the l i t e r a t u r e on the e f fec t of nutri t ion 
on turf d i s e a s e s , supplemented with a s u m m a r y of e x p e r i m e n t s and o b s e r v a -
tions in w e s t e r n Washington. 

G e n e r a l Nutri t ion 

The l i t e r a t u r e s t a t e s that low l e v e l s of nutri t ion a r e conducive to develop-
m e n t of f a i r y ring, rust , and a n t h r a c n o s e , w h e r e a s high l e v e l s of nutri t ion 
favor Cur v u l a r i a (causing fading out). The m o s t i m p o r t a n t f a c t o r of g e n e r a l 
nutr i t ion i s probably the p r e s e n c e or l a c k of n i t rogen. 

Nitrogen 

Nitrogen i s the s u b j e c t of m o r e r e f e r e n c e s in the l i t e r a t u r e than any other 
nutr ient . Low l e v e l s of n i t rogen a r e r e p o r t e d to favor r e d thread, dol lar spot, 
rust , and f a i r y r ing . High l e v e l s of n i t rogen favor F u s a r i u m patch, brown 
patch, damping-off , and powdery mi ldew. On the other hand, r e c e n t work by 
Couch at Pennsylvania State has d e m o n s t r a t e d that e x t r e m e s of e i ther high or 
low l e v e l s of n i t rogen favor the Helminthospor ium bl ights , while Pythium de-
ve lopment i s unaffected at any l e v e l . 

P o t a s h and Phosphorus 

T h e r e a r e v e r y few r e f e r e n c e s to the e f fec t of the other two m a j o r nutr i -
ent e l e m e n t s on d i s e a s e development . Powdery mildew i s favored by low l e v e l s 
of potash, but this e l e m e n t i s not supposed to inf luence the development of 
e i ther dol lar shot or Pythium at any l e v e l . High l e v e l s of phosphorus s t imula te 
r e d thread development, but brown patch was not a f fec ted by any l e v e l . 

L i m e 

Low l e v e l s of l i m e favor copper spot. Work done by Smith in England 
has shown that high l e v e l s favor both f u s a r i u m patch and Ophiobolus patch. 

P lant Pathologis t , Washington State Univers i ty , W e s t e r n Washington 
E x p e r i m e n t Station, Puyallup, Washington 



On the other hand, r e s e a r c h by Couch at Pennsy lvania State has shown that 
e x t r e m e s of l i m e (high and low) favor Pyth ium. 

G e n e r a l 

L e t us now look at the t h r e e m a j o r d i s e a s e s a f fec t ing both h i g h - c u t (lawn) 
and l o w - c u t (putting g r e e n ) tur fs in w e s t e r n Washington. I 9 6 0 has been an un-
usual ly favorab le y e a r for turf d i s e a s e s of a l l kinds in the Northwest . The mi ld 
winter of 1 9 5 9 - 6 0 apparent ly p e r m i t t e d many of the fungi to surv ive in l a r g e 
n u m b e r s . This condition, together with a prolonged mild, m o i s t spring and 
s h o r t s u m m e r , apparent ly enabled t h e s e fungi to build up to v e r y high l e v e l s 
of d e s t r u c t i v e n e s s . F u s a r i u m patch has been unusually s e v e r e in lawn-type 
turf during the l a s t few months . 

F a i r y Ring 

F o r many y e a r s we have o b s e r v e d that the fungus caus ing f a i r y ring i s 
g e n e r a l l y m u c h m o r e d e s t r u c t i v e on tur f which i s u n d e r w a t e r e d and undernour -
i shed . Its development a l s o s e e m s to be favored by heavy appl ica t ions of o r -
ganic types of f e r t i l i z e r s . The l a t t e r apparent ly s e r v e as s o u r c e s of food for 
the fungus. In c a s e s of undernour ishment , the fungus a p p e a r s capable of ex -
t rac t ing nutr ients and water f r o m the so i l m o r e e f f e c t i v e l y than do g r a s s r o o t s . 
When turf i s wel l w a t e r e d and wel l f e r t i l i z e d , the g r a s s i s s t imula ted and ap-
parent ly can m o r e e f f e c t i v e l y compete with the f a i r y ring fungus. Although the 
fungus i s not e l iminated by such t r e a t m e n t , it does b e c o m e l e s s o b j e c t i o n a b l e . 
This i s our m o s t p r a c t i c a l c o n t r o l m e a s u r e at the p r e s e n t t i m e . The only 
other solution i s a comple te renovat ion by t reat ing in fes ted so i l with such m a t -
e r i a l s as methyl bromide , c h l o r p i c r i n , or formaldehyde, followed by r e - s e e d -
ing. D i r e c t i o n s for th is a r e contained in Washington A g r i c u l t u r a l E x p e r i m e n t 
Stat ions C i r c u l a r 3 3 0 . 

Red T h r e a d 

As ment ioned previously , the l i t e r a t u r e r e p o r t s that this d i s e a s e i s in -
c r e a s e d by heavy appl icat ions of l i m e , phospate, and compost , and by v a r i o u s 
m i x t u r e s of the above. It has been reduced by appl ica t ions of such f e r t i l i z e r s 
a s a m m o n i u m sulfate and sodium ni t ra te , p a r t i c u l a r l y e a r l y in the y e a r . 
M c L e a n in B r i t i s h Columbia has found that growth of the fungus in cul ture i s 
s t imula ted m o r e by ni trogen f r o m n i t ra te and a m m o n i u m s o u r c e s than f r o m 
u r e a . 

In c o o p e r a t i v e t e s t s in w e s t e r n Washington with D r s . Goss and Austenson, 
we have found that the use of n i t rogen def ini te ly helps o v e r c o m e the r a v a g e s of 
r e d thread. So f a r we haven ' t not iced any p a r t i c u l a r d i f f e r e n c e a s to whether 
the ni trogen c a m e f r o m u r a m i t e , u r e a , or inorganic s o u r c e s . The m o s t i m -
portant f a c t o r i s to apply ni trogen e a r l y and to mainta in an adequate f e r t i l i z a -
tion p r o g r a m throughout the y e a r . We s t i l l do not know how ni t rogen w o r k s - -
whether by promoting r e s i s t a n c e in g r a s s or by enabling i t to grow f a s t e r than 
the fungus can in fec t . 

Although the use of n i t rogen has given us good c o n t r o l of the d i s e a s e , we 
s t i l l b e l i e v e that a fungicidal p r o g r a m is d e s i r a b l e . In fact , we hope that if a 
sui table fungicide can be found the benef i t f r o m f e r t i l i z e r s wil l be prolonged. 
None of the fungicides tes ted to date have given topnotch c o n t r o l . The m e r c u r i e s 



used for F u s a r i u m and other pathogens have proven p r a c t i c a l l y w o r t h l e s s a -
ga inst the r e d thread fungus under our condi t ions . The b e s t m a t e r i a l s found 
to date a r e cadmium compounds and Cyprex . They w e r e t e s t e d l a s t y e a r at 
the r a t e s r e c o m m e n d e d by the m a n u f a c t u r e r s . At those l e v e l s they gave s o m e 
p r o m i s i n g leads but not suf f i c ient c o n t r o l . T h e r e f o r e , we intend to r e - t e s t 
them next y e a r a t higher r a t e s . We sha l l a l s o t e s t s o m e new m a t e r i a l s . 

We a r e at tempting to develop a good l a b o r a t o r y technique that wil l de tec t 
fungic ides that have l i t t l e e f fec t on turf d i s e a s e s . Such a technique would e l i m -
inate the need to f i e l d - t e s t them during " s c r e e n i n g . " Af te r the l a b o r a t o r y 
s c r e e n i n g , only the b e s t m a t e r i a l s wil l be t e s t e d for phytotoxici ty on g r a s s in 
the g r e e n h o u s e . Those surviving this t e s t wil l then be t r i e d in f e s c u e plots at 
our s tat ion. 

F u s a r i u m P a t c h 

T h e r e i s much l i t e r a t u r e on the e f f e c t of v a r i o u s f e r t i l i z e r s and l i m e on 
the development of F u s a r i u m patch d i s e a s e . One r e f e r e n c e published about 50 
y e a r s ago ment ions that m a n u r e s tend to favor the development of the fungus. 
S e v e r a l other works s tate that organic s o u r c e s of n i t rogen s t i m u l a t e fungus 
growth m o r e than do inorganic s o u r c e s . U r e a has a l s o been r e p o r t e d as f a v o r -
ing fungus growth, and s o m e r e c e n t work in C a l i f o r n i a i n d i c a t e s that u r e a - f o r -
maldehyde types a r e w o r s e than u r e a in this r e s p e c t . However, heavy r a t e s of 
any kind of n i t rogen wil l i n c r e a s e the s u s c e p t i b i l i t y of g r a s s to a t tack by the 
F u s a r i u m fungus. Also r e c e n t work in England indica tes that i f a f e r t i l i z e r 
i s unbalanced i n s o f a r as N, P, and K a r e c o n c e r n e d , the d i s e a s e wil l be m o r e 
s e v e r e . Of the inorganic s o u r c e s of ni trogen, c a l c i u m n i t r a t e has been r e p o r t -
ed as one of the l e a s t s t imulat ing to the fungus. 

In s u m m a r i z i n g the e f fec t s of n i t rogen on F u s a r i u m patch, it a p p e a r s that 
the organic types i n c r e a s e the d i s e a s e m o s t , fol lowed by u r e a - f o r m a l d e h y d e and 
u r e a and f inal ly the inorganic s o u r c e s . Although both the l i t e r a t u r e and our ob-
s e r v a t i o n s indicate that organic and r e l a t e d s o u r c e s of n i t rogen favor the F u s a -
r ium, we r e a l i z e that such types have a v e r y def inite p lace in tur f m a i n t e n a n c e . 
T h e r e f o r e , it b e c o m e s a m a t t e r of using them judic ious ly ; in other words , of 
putting them on a t t i m e s of the y e a r when F u s a r i u m a t t a c k s a r e not expected, 
or , i f needed at other t i m e s , a t as low l e v e l s a s p r a c t i c a b l e . If high l e v e l s 
m u s t be used during F u s a r i u m - t y p e ( i . e 0 , cool , m o i s t ) weather , then i t wi l l 
a l s o be n e c e s s a r y to adhere r e l i g i o u s l y to a fungic idal t r e a t m e n t p r o g r a m . 

L i m e has b e e n r e p o r t e d as favoring the F u s a r i u m , but i r o n sulfate i s 
supposed to reduce a t t a c k s . Not much i s r e p o r t e d on the e f fec t of other e l e -
m e n t s . 

T e s t s on Control l ing F u s a r i u m P a t c h 

We have r e p o r t e d prev ious ly that the P M A types of fungic ides a r e v e r y 
e f fec t ive in contro l l ing F u s a r i u m patch d i s e a s e in w e s t e r n Washington. How-
ever , at t i m e s they have burned g r a s s a l s o . T h e r e f o r e , we began s e a r c h i n g a 
few y e a r s ago for ways of o v e r c o m i n g such burning. The addition of i ron sul -
fate did not help; in f a c t i t tended to a g g r a v a t e the t rouble . The inc lus ion of 
n i t rogen compounds appeared promis ing , so r e s e a r c h along this l ine was ex -
panded. We soon found that the burning was s o m e t i m e s i n c r e a s e d and d i s e a s e 
c o n t r o l was d e c r e a s e d by r a t e s of 1 / 2 lb . and higher of ac tua l n i t rogen. This 



was p a r t i c u l a r l y not i ceab le with u r e a and c a l c i u m n i t r a t e . However, a t r a t e s 
of 1/8 or 1/4 lb . of ac tua l n i t rogen certain, m a t e r i a l s prevented burning without 
i n c r e a s i n g the d i s e a s e . Af ter c o n s i d e r a b l e exper imenta t ion , we se t t led upon 
the n i t ra te types . Of these , c a l c i u m and a m m o n i u m n i t r a t e s appear to be the 
m o s t p r a c t i c a l to u s e . The detai led r e s u l t s of these e x p e r i m e n t s wi l l be pub-
l i shed l a t e r . Meanwhile , our r e c o m m e n d a t i o n s for the i r t r a i l a r e given below. 

Studies a r e a l s o being in i t ia ted in the g r e e n h o u s e to d e t e r m i n e the r e l a -
t ionship between nutri t ion of turf and infec t ion by the F u s a r i u m patch fungus. 
We a r e a l s o obtaining data on the development of the d i s e a s e in unsprayed turf 
f e r t i l i z e r plots . This work i s being done in coopera t ion with Roy G o s s . 

R e c o m m e n d a t i o n s for Contro l of F u s a r i u m P a t c h 

As a r e s u l t of ex tens ive t e s t s with v a r i o u s fungic ides in coopera t ion with 
Roy Goss , V e r n M i l l e r , and v a r i o u s golf c o u r s e super intendents , we r e c o m -
mend the following: Use P M A type (10% a c t i v e as PMAS, Tag, e t c . ) at 3/4 oz. 
in 10 gal . of water/1000 sq. f ee t . Add n i t ra te n i t rogen to this solution at 1/8 
lb . of ac tua l n i t rogen during per iods when P M A - b u r n i n g m a y be expected . The 
n i t rogen m a y be omit ted at other t i m e s . S ince such m e r c u r y compounds as the 
above usual ly give the m o s t rapid c o n t r o l of the F u s a r i u m patch, they a r e our 
p r e f e r r e d r e c o m m e n d a t i o n . However, they have shown a tendency to produce 
thin tur f in w e s t e r n Washington. 

In c o n t r a s t to this , many cadmium compounds have produced a dense turf, 
but the c a d m i u m s t e s t e d to date have not been as e f fec t ive in contro l l ing the 
F u s a r i u m as the m e r c u r i a l s . Cadmium ch lor ide ( tes ted a s Caddy) is the m o s t 
p r o m i s i n g cadmium m a t e r i a l found so f a r . In o r d e r to obtain the b e s t qual i t ies 
of both types of m a t e r i a l s , we r e c o m m e n d an a l te rnat ing schedule of P M A and 
Caddy, u n l e s s the d i s e a s e develops s e v e r e l y ; in such c a s e s we sugges t the use 
of P M A until F u s a r i u m is brought under c o n t r o l . 

Needed, of c o u r s e , i s a good combinat ion of such m a t e r i a l s in one f o r m u -
lat ion . We and v a r i o u s c h e m i c a l c o m p a n i e s a r e working along this l ine . Such 
a combinat ion would be highly d e s i r a b l e b e c a u s e we apparent ly have a c o m p l e x 
of d i f ferent s t r a i n s and s p e c i e s of F u s a r i u m capable of causing t rouble . S ince 
d i f ferent fungicides contro l d i f ferent pathogens, it stands to r e a s o n that a m i x -
ture g e n e r a l l y would be m o r e e f fec t ive than an individual compound. None of 
the c o m m e r c i a l m i x t u r e s now ava i lab le a r e adequately e f fec t ive under our con-
di t ions . 

R e s i s t a n t types of g r a s s e s a r e a l s o needed for both putting g r e e n and lawn-
type tur f s . P e n n c r o s s has shown c o n s i d e r a b l e r e s i s t a n c e h e r e , but it h a s n ' t 
g e n e r a l l y produced a good putting tur f in w e s t e r n Washington. S e a s i d e has a l s o 
appeared r e s i s t a n t at t i m e s , and yet at other t i m e s it has been r e p o r t e d as 
being suscept ib le to the fungus. T h e s e v a r i a t i o n s m a y be explained by the u s e 
of d i f ferent s t r a i n s of this v a r i e t y . Many y e a r s ago S e a s i d e was r e p o r t e d as 
being much m o r e s u s c e p t i b l e to F u s a r i u m than the Colonia l types . Under w e s t -
ern Washington condit ions, the r e v e r s e i s t rue . 

Modern r e s e a r c h is se ldom done without a s s i s t a n c e f r o m o t h e r s . In addi-
tion to m y a s s o c i a t e s , Rog Goss and V. L,. M i l l e r , I wish to e x p r e s s m y a p p r e -
c ia t ion for a s s i s t a n c e in the turf d i s e a s e r e s e a r c h p r o g r a m f r o m many golf 
c o u r s e superintendents , the Northwest T u r f A s s o c i a t i o n , the U . S . Golf A s s o c i a -
tion, C a l i f o r n i a S p r a y - C h e m i c a l Corp . , O. M. S c o t t ' s Seed Co. , and W. A. 
C l e a r y Corpora t ion . 



C R A B G R A S S C O N T R O L T R I A L S 

A, G. Law and J . K. P a t t e r s o n 

A fol low-up t r i a l for c r a b g r a s s c o n t r o l was made on the C l a r k s t o n Golf 
C o u r s e in the I 9 6 0 s e a s o n (in coopera t ion with C h a r l e s Mi tche l l , golf c o u r s e 
superintendent) . T r i a l s in 1959 had shown p r e - e m e r g e n c e t r e a t m e n t with D a c -
thal a t 10 and 12 l b s . to be quite e f fec t ive , with no s e r i o u s e f f e c t s of r e s i d u e 
and without e x c e s s i v e l y high r a t e or c o s t . Other m a t e r i a l s used that w e r e ef -
f ec t ive w e r e c o n s i d e r e d potent ial ly dangerous b e c a u s e of r e s i d u e (Ca a r s e n a t e 
at 500 l b s . per a c r e ) or c o s t l y (as chlorodane at 70 l b s . per a c r e ) . 

One new c h e m i c a l was a l s o evaluated. Two formula t ions , of Zytron, both 
g r a n u l a r and emuls ion (including M - 1 3 2 9 ) , w e r e used a s p r e - e m e r g e n c e c h e m i -
c a l s . Two i t e m s m u s t be c o n s i d e r e d in evaluating the t r e a t m e n t s . T h e s e a r e : 

1. P l o t s w e r e dry f r o m spring t r e a t m e n t - - M a r c h 26 until August 10 b e -
c a u s e of a water s h o r t a g e . This undoubtedly r e s u l t e d in s o m e l o s s of e f f e c t i v e -
n e s s of the pre - e m e r g e n c e t r e a t m e n t s a s t h e r e i s evidence that t h e s e c h e m i c a l s 
d e c o m p o s e in the p r e s e n c e of sunlight. 

2. In spite of the e r r o r in using Dac tha l a t o n e - h a l f the r e c o m m e n d e d 
ra te , c o n t r o l of c r a b g r a s s was b e s t with Dactha l . M - 1 3 29 (Zytron emuls ion) 
at 8 l b s . per a c r e was m o r e e f fec t ive than the other Zytron m a t e r i a l s but it i s 
l ike ly this i s not a r e l i a b l e d i f f e r e n c e b e c a u s e of the v a r i a b i l i t y of the data, 
v a r i a b i l i t y caused in part by the f a i l u r e of the water s y s t e m . 

P r e - e m e r g e T r e a t e d M a r c h 26 

M a t e r i a l R a t e C r a b g r a s s in % check^ 
2 

Dactha l 1? # / a c r e 40 

Zi f / a c r e 37 37 

34 # / a c r e 30 C o n s i d e r a b l e i n j u r y 

Zytron E 4 oz/1000 53 

6 oz/1000 50 

8 oz/1000 70 

Zytron G 3 oz/1000 67 

5 oz/1000 60 

7 oz/1000 57 

Rating on S e p t e m b e r 21, I 9 6 0 

Dactha l applied at o n e - h a l f r a t e intended. 



M a t e r i a l Rate C r a b g r a s s in % check 

M 1329 4 oz/1000 63 

6 oz/1000 60 

8 oz/1000 40 S o m e F . r u b r a i n j u r y 

P o s t - e m e r g e 2 t r e a t m e n t s - August 1 and August 24 

M a t e r i a l Rate C r a b g r a s s in % c h e c k 

Rhome Haas 2 # / a c r e 70 

4 #/acre 60 

F e n a c 4 # / a c r e 90 

6 #/acre 50 

SD 6622 2 # / a c r e 70 

4 # / a c r e 40 

The r e l a t i v e e f f e c t i v e n e s s of Dactha l in I 9 6 0 c o r r e s p o n d s with the e f f e c -
t i v e n e s s of this m a t e r i a l in 1959 . Data on the c a r r y o v e r e f f e c t i v e n e s s of D a c -
thal (1959 plots) show the 10 and 12 lb. r a t e s t i l l f r e e of c r a b g r a s s in I 9 6 0 . 
The check plot showed 60 per cent c o v e r a g e of c r a b g r a s s . S i m i l a r c a r r y o v e r 
e f f e c t s w e r e shown on the chlorodane ( 7 0 # / a c r e ) and Ca a r s e n a t e (500 # / a c r e ) 
plots . 



NITROGEN S O U R C E T E S T 

J . K. P a t t e r s o n and A. G. Law 

In the s u m m e r of 1959, we r e c e i v e d a grant to t e s t b a r l e y sprouts (a by-
product of the mal t ing p r o c e s s ) a s a s o u r c e for n i t rogen f e r t i l i z e r . P l o t s w e r e 
e s t a b l i s h e d on four b l u e g r a s s e s : Mer ion , Newport, Delta , and P . N. W. (a l o c a l 
b l u e g r a s s s e l e c t i o n ) which provided four r e p l i c a t i o n s . T h e s e b l u e g r a s s e s w e r e 
cut a s lawn turf, to the height of 1 in. each week. 

S ince the b a r l e y sprouts r e s e m b l e d some of the c o m m o n o r g a n i c f e r t i l i -
z e r s p r e s e n t l y ava i lab le on the m a r k e t , two of these l a t t e r f o r m s w e r e used in 
the tes t , one in 1959 and another in I 9 6 0 . 

One s o u r c e of a slowly ava i lab le inorganic s o u r c e was used e a c h y e a r and 
one soluble n i t ra te s o u r c e was used. S ince a m i x t u r e of o r g a n i c and soluble 
i n o r g a n i c s i s often c o m m o n l y used on the turf a r e a s , these m i x t u r e s w e r e a l s o 
included. Table 1 included the data taken a s a r e s u l t of t h e s e t e s t s (one pound 
of n i t rogen was applied each month during the s u m m e r f r o m the v a r i o u s 
s o u r c e s ) . 

T A B L E 1. Nitrogen S o u r c e T r i a l 
1959 j I 9 6 0 

rat ing rat ing 

j o r g a n i c and j inorganic 5. 8 5. 0 

B a r l e y sprouts 5. 0 5. 1 

Inorganic (s lowly a v a i l a b l e ) 4 . 2 4 . 8 

Organic 5. 0 5. 0 

Inorganic (so luble) 6 . 8 5. 1 

j B a r l e y sprouts and i inorganic 5. 8 5. 1 

Rating was on the b a s i s of c o l o r with 7 being the b e s t and 3 the lowes t . 

As can be seen f r o m Table 1, the b a r l e y sprouts w e r e equal in e f f e c t i v e -
n e s s to the o r g a n i c f e r t i l i z e r s tes ted . The soluble inorganic was s u p e r i o r the 
f i r s t y e a r but not in I 9 6 0 (the plots in I 9 6 0 r e c e i v e d the s a m e type f e r t i l i z e r a s 
had been applied in 1959) . 

In I960 , the ra t ings d i f fered v e r y l i t t le except that the inorganic s low-
r e l e a s e f e r t i l i z e r s t i l l lagged in e f f e c t i v e n e s s . 

It might be noted that the b a r l e y sprouts c l o s e l y r e s e m b l e some of the 
c o m m e r c i a l o rgan ic m a t e r i a l s in N P K content having an a n a l y s i s of approx i -
m a t e l y 4. 4 - 1 . 5 - 1 . 5 for these e l e m e n t s . 

During some greenhouse t r i a l s with a m i x t u r e of b a r l e y sprouts and soil , 
it was noted that high r a t e s of b a r l e y sprouts prevented the e m e r g e n c e of some 



of the t u r f g r a s s e s . It was decided to t es t other f e r t i l i z e r m a t e r i a l s to s e e if 
this was a unique proper ty of b a r l e y s p r o u t s . S o i l - s a n d m i x t u r e was m i x e d 
with v a r i o u s f e r t i l i z e r s so that the a p p r o x i m a t e n i t rogen f e r t i l i z a t i o n was 1200, 
2400, and 3600 pounds of " N " per a c r e ( r a t e s 1, 2, and 3 in the table ) . Sudan-
g r a s s was then planted to a s s e s s the growth i n c r e a s e and any toxic p r o p e r t i e s 
of t h e s e f e r t i l i z e r s at such high r a t e s . Table 2 conta ins the data f r o m this 
t r i a l . 

T A B L E 2. E f f e c t of High R a t e s of Nitrogen on G r a s s Growth 

F e r t i l i z e r Rate 
Growth in 
1st month 

per cent of c h e c k plot 
2nd and 3 r d months T o t a l 

None 100 100 100 

Ammonium Sulfate 1 310 540 450 

2 330 730 540 

3 3 80 550 480 

Ammonium Nit ra te 1 170 490 330 

2 150 290 240 

3 toxic toxic toxic 

Inorganic 1 3 50 540 460 
(slow r e l e a s e ) 

2 260 470 380 

3 200 430 340 

B a r l e y sprouts 1 3 20 400 370 

2 800 630 700 

3 280 520 460 

Organic 1 3 20 510 430 

2 3 20 550 460 

3 310 470 410 

The high r a t e s w e r e a l l l e s s e f fec t ive than the medium r a t e (2) of 2400 
pounds of " N " per a c r e . Two f e r t i l i z e r s , the inorganic s l o w - r e l e a s e type and 
the Ammonium ni trate , w e r e s l ight ly toxic at the medium r a t e as c o m p a r e d to 
the 1200 pounds of " N " applied. On the a v e r a g e the f e r t i l i z e r s w e r e m o r e ef -
fec t ive during the second and third months a s c o m p a r e d to the f i r s t m o n t h ' s 
growth, again pointing to s o m e e a r l y yie ld d e p r e s s i o n due to the high r a t e s . 
S t rangely , the soluble ni trogen s o u r c e s did not produce any m o r e i m m e d i a t e 



f lush of growth during the f i r s t month than did the o r g a n i c s or the s lowly a v a i l -
ab le inorganic . B a r l e y sprouts p e r f o r m e d a s wel l in this t e s t a s did any of the 
other s o u r c e s of " N " so it does not appear to be unique in i t s toxic p r o p e r t i e s 
when applied at high r a t e s . 





AQUATIC W E E D C O N T R O L 

Henry C a r s n e r * 

Aquatic weed c o n t r o l i s becoming an i n c r e a s i n g l y c o m m o n p r a c t i c e a s 
our l a k e s a r e developed and landowners d e s i r e to p r o t e c t the i r proper ty values 
and i n c r e a s e the r e c r e a t i o n a l potential of the w a t e r s W e e d - i n f e s t e d w a t e r s 
usual ly degrade adjoining proper ty va lues and i n t e r f e r e with s a l e s in addition 
to being a r e a l hazard to b a t h e r s . Some aquat ic plant s p e c i e s wi l l ac tua l ly 
t r a p a s w i m m e r . E x c e s s i v e weeds a l s o i n t e r f e r e with f ishing, o b s t r u c t i r r i -
gation m a c h i n e r y , and r e t a r d the flow of dra inage w a t e r . 

The purpose of aquat ic weed c o n t r o l i s to r e m o v e or o t h e r w i s e c o n t r o l 
o b j e c t i o n a b l e aquat ic vegetat ion for the benef i t of water u s e r s . Common aquat-
ic plants fa l l into t h r e e g e n e r a l c a t e g o r i e s , e a c h requi r ing s e p a r a t e c o n s i d e r a -
tion in es tab l i sh ing a c h e m i c a l cont ro l p r o g r a m . 

S u b m e r g e d plants include but a r e not l i m i t e d to the following: Elodea, 
Ceratophyl lum, Myrophyllum, and v a r i o u s s p e c i e s of Potamogeton, Na jas 
f l e x i l l s , U t i c u l a r i a vu lgar i s , C h a r a and s e v e r a l f o r m s of Cyanophyta and 
Chlorphyta . 

E m e r g e n t plants a r e those which a r e m a i n l y above the s u r f a c e and a r e 
f requent ly rooted to the bot tom. T h e s e plants g e n e r a l l y include the following: 
L e m n a minor , Azola, Nymphozanthus, B r a n s e n i s , Heteranthena, and A l i s m a 
plantago. 

Marg ina l plants include numerous s p e c i e s , however we usual ly think of 
Polygonum, Typha, Juncus , Sc i rpus , Sal ix , Alnus, and v a r i o u s s p e c i e s of 
C a r e x a s the m o s t c o m m o n o f f e n d e r s . 

Control l ing aquatic weeds : m e c h a n i c a l , b io logica l , and c h e m i c a l a r e the 
t h r e e c o m m o n methods in use today. 

M e c h a n i c a l r e m o v a l i s p r a c t i c e d e x t e n s i v e l y in v a r i o u s s e c t i o n s of the 
Northwest . An i m p r e s s i v e a r r a y of m e c h a n i c a l equipment is to be found f r o m 
the i r r i g a t e d v a l l e y s of Idaho to the r i v e r de l tas of Washington and Oregon. 
T h i s equipment includes expens ive underwater m o w e r s , heavy anchor chains 
and c a b l e s used a s drags , hand cutting, dredging, and drag l i n e s . In genera l , 
m e c h a n i c a l weed contro l i s expens ive and o f f e r s no p r o s p e c t of diminishing 
c o s t s . Aside f r o m the expense of the ac tua l drag or cutting operat ion, i t is 
often n e c e s s a r y to r e m o v e the cut weeds phys ica l ly f r o m the w a t e r s , usual ly 
at a b a r s c r e e n . 

F e r t i l i z a t i o n as a m e a n s of cont ro l is not developed e x t e n s i v e l y outside 
the w a r m w a t e r s of the southern s t a t e s . This method depends upon the develop-
m e n t of a dense planktonic a lgae " b l o o m " which shades the bottom and i n t e r -
f e r e s with or prevents the growth of s u b m e r g e d plants, s i n c e photosynthesis 
cannot o c c u r in the a b s e n c e of l ight. The m a t e r i a l c o s t for annual f e r t i l i z a t i o n 
i s quite high, and is usual ly j u s t i f i e d only on high-producing f i sh ponds. 

Consulting B io log is t , Northwest Weed S e r v i c e , T a c o m a , Washington. 



C h e m i c a l c o n t r o l i s proving to be the m o s t p r a c t i c a l and e c o n o m i c a l 
method of control l ing aquatic weeds . However, it must be r e m e m b e r e d that 
a c h e m i c a l p r o g r a m can be a two-edged sword in that p r o p e r l y u s e d i t can be 
b e n e f i c i a l and economica l , w h e r e a s i m p r o p e r use can c a u s e s e r i o u s damage 
and e x p e n s e . In enter ing into a c h e m i c a l aquatic p r o g r a m , one a s s u m e s f a r 
g r e a t e r r e s p o n s i b i l i t y than i s encountered in other c h e m i c a l p r o g r a m s . C h e m -
i c a l s put into the water do not r e m a i n in place, t h e r e f o r e it i s n e c e s s a r y to 
pred ic t a c c u r a t e l y the m o v e m e n t and c o n c e n t r a t i o n of such c h e m i c a l s during 
the per iod of ac t iv i ty . On s m a l l c l o s e d ponds the p r o b l e m i s reduced, but by 
no m e a n s e l iminated . On l a r g e l a k e s the p r e l i m i n a r y work often r e q u i r e s a 
y e a r to c o m p l e t e . The in format ion obtained enables the appl i ca tor to s e l e c t 
and apply a c h e m i c a l at the proper c o n c e n t r a t i o n in a m a n n e r that i s safe and 
without i n j u r y to man, f ish, a n i m a l s , or plant l i fe other than that being con-
t ro l l ed . In some i n s t a n c e s this involves being a c c u r a t e to 1/10 ppm or about 
1/3 cup of c h e m i c a l to 1 mi l l ion gal lons of w a t e r . 

Many l a k e s have outlets which c a r r y water and c h e m i c a l s out of the lake 
and to the proper ty of other people and eventual ly to the sa l t water This f a c t 
c r e a t e s many p r o b l e m s , p a r t i c u l a r l y on the c o a s t a l r e g i o n s . S o m e of our 
aquat ic h e r b i c i d e s a r e m o r e toxic in s a l t water , and m a r i n e o r g a n i s m s a r e 
often found to be sens i t ive to c h e m i c a l s at t r a c e c o n c e n t r a t i o n s . F o r example , 
we know that water supplied to o y s t e r tanks in s t a i n l e s s s t e e l pipes wil l c a r r y 
enough ionized s t e e l to k i l l the o y s t e r during the spawning per iod. Meta l l i c 
compounds have des t royed m a r i n e o r g a n i s m s in en t i re e s t u a r i e s . 

I r r i g a t i o n and other use of the eff luent pose a m o s t s e r i o u s p r o b l e m . 
F o r example , a given c h e m i c a l might be safe at 1. 5 ppm in such water but at 
2 ppm may c a u s e in jury to i r r i g a t e d plants . A n i m a l s and even man often drink 
such water and the appl icat ion must be abso lute ly c e r t a i n that no i n j u r y i s pos-
s i b l e . R e a s o n a b l y sure i s not enough F o r example , suppose s e v e r a l c h i l d r e n 
b e c o m e i l l and go home a f te r swimming in water that was t r e a t e d . The appli -
c a t o r has a l e g a l and m o r a l obl igation to know pos i t ive ly that the water was 
h a r m l e s s and that humans a r e in no danger f r o m the c h e m i c a l s which w e r e 
used . Water t e m p e r a t u r e i s an impor tant f a c t o r in the ac t ive per iod of our 
o r g a n i c h e r b i c i d e s , and l a b o r a t o r y work i s n e c e s s a r y to e s t a b l i s h the point 
of d i ss ipat ion . This in format ion i s ga thered through y e a r s of e x p e r i e n c e and 
r e s e a r c h and often r e q u i r e s s e p a r a t e data for e a c h body of w a t e r . B i o c h e m -
i c a l oxygen demand is a s igni f i cant f a c t o r in water supporting f i sh l i f e . Some 
of our b e s t aquatic h e r b i c i d e s a r e a l s o e f fec t ive f i sh tox icants 

R e s u l t s to expect . T h e r e i s no o n e - s h o t c u r e - a l l for aquat ic weeds . 
T h e r e i s no c h e m i c a l that can be sa fe ly used which wil l s t e r i l i z e the bot tom of 
a l a k e . A r e a l i s t i c p r o g r a m is one of contro l without e x c e s s i v e e c o l o g i c a l 
d i s turbance and one that should be e n t e r e d into on a l o n g - t e r m b a s i s . It m u s t 
be r e a l i z e d that many aquatic plants r e p r o d u c e by s p o r e s , and the e l iminat ion 
of one s p e c i e s often enables dormant s p o r e s of another s p e c i e s to grow where 
they had not prev ious ly ex i s ted . It has been my e x p e r i e n c e that one a p p l i c a -
tion of c h e m i c a l s wil l give about 90 per cent c o n t r o l of ex i s t ing plants the 
f i r s t y e a r , but that regrowth usual ly o c c u r s . The r e g r o w t h i s g e n e r a l l y g r e a t -
ly reduced at the th ird y e a r and often does not r e q u i r e e x t e n s i v e t r e a t m e n t 
t h e r e a f t e r . 

S w i m m e r ' s i t ch . S c h i s i z o m e ( e c c a r i d e r m a t i t i s ) , s w i m m e r ' s i tch, i s 
c l o s e l y r e l a t e d to aquatic weeds, and I wil l b r i e f l y mention that the s a m e p r e -
caut ions should be o b s e r v e d in i t s control , p a r t i c u l a r l y a s r e l a t e d to f i sh 
damage . 



I might mention the work done on S t e i l a c o o m Lake this y e a r under the 
prov is ions of a new law in this s ta te where in proper ty owners may petit ion the 
c o u r t s to a s s e s s the lake f ront proper ty owners a p r o r a t e d amount of a c o u r t -
approved p r o g r a m . The p r e l i m i n a r y work was c o m p l e t e d between May 1959 
and June I960, so that the data w e r e quite wel l e s t a b l i s h e d . The lake was 
c l o s e d to a l l use f r o m June 20 unti l June 24 to p e r m i t the safe , uninterrupted 
appl icat ion of the h e r b i c i d e s . The lake was t r e a t e d for s u b m e r g e d aquatic 
plants of the Potamogeton s p e c i e s and for pond l i l i e s and s w i m m e r ' s i t ch . 
A f t e r 3 weeks the weeds w e r e a l l dead, and s o m e w e r e f loating upside down 
on the s u r f a c e . The water b e c a m e c r y s t a l c l e a r and r e m a i n e d c l e a r for about 
3 weeks b e f o r e the planktonic a lgae began to develop again . During the f i r s t 
week in August regrowth was noted on about 5 per cent of the a r e a . The 
s w i m m e r ' s i tch r e m a i n e d c o n t r o l l e d unti l the f i r s t week in August when the 
f i r s t c a s e was r e p o r t e d . About 10 subsequent c a s e s w e r e r e p o r t e d during the 
following week. The r e p o r t e d loca t ions w e r e r e t r e a t e d with good r e s u l t s . 

In s u m m a r y , I would say that the c o n t r o l on S t e i l a c o o m Lake was b e t t e r 
than 90 per cent e f fec t ive for both weeds and s w i m m e r ' s i t ch . 





NEW TECHNIQUES F O R THE STUDY O F R O O T S IN P L A C E 

V. C. B r i n k 1 

We see , in the light, the above-ground par ts of plants; we see l eaves , 
f lower, and f rui t grow and turn c o l o r ; we h a r v e s t the a e r i a l par ts , feed them, 
eat them, or use them for o r n a m e n t . But what i m a g e s do we have of the under -
ground par t s of p l a n t s ? How do we envis ion seeds germinat ing in the soil , 
r o o t s growing through the i n t e r s t i c e s of the soil , taking in water and nutr ients , 
e x c r e t i n g subs tances , dying and decaying, or competing for space and nutr i -
ents ? To t e c h n i c a l man and layman al ike the image of the plant r o o t in place 
i s i m p e r f e c t and feebly developed. Our view of a higher plant i s s u r e l y i n c o m -
plete b e c a u s e we se ldom s e e i ts r o o t s . 

F ine tur f p r o b l e m s turned my thoughts towards r o o t s . So many quest ions 
r e g a r d i n g the m a n a g e m e n t of turf s e e m e d to be d i r e c t e d towards the roots we 
could not s e e . What was happening to the root s y s t e m s of our g r a s s e s in win-
t e r in our cold, r a i n - s o d d e n s o i l s in the P a c i f i c s l o p e ? How w e r e roots p e r -
forming under f requent water ing, f requent mowing, and heavy t r a f f i c in this 
so i l and that o n e ? I sought a n s w e r s in the l i t e r a t u r e , and I found uncer ta in ty 
and some apparent c o n t r a d i c t i o n s . F u r t h e r m o r e , the t i m e - h o n o r e d methods 
of root study s t r u c k me as l a b o r i o u s and expens ive . In the m a n n e r of a l l good 
p r o f e s s o r s I found a graduate student, Mr . R e x F r e d e r i c k , to a s s i s t me in a 
s e a r c h for u p - t o - d a t e or new methods of root study. 

Weaver (1) and his a s s o c i a t e s in the United S ta tes , over thir ty y e a r s ago, 
c a l l e d attention to the l o n g - n e g l e c t e d f ie ld of root study. As a r e s u l t of these 
t remendous l a b o r s it was shown that the r o o t s y s t e m s of higher plants a r e r e -
m a r k a b l y d i v e r s e , and that some s p e c i e s have a r i c h l y b r a n c h e d s y s t e m and 
exploit l a r g e so i l vo lumes but that o t h e r s exploit r e s t r i c t e d v o l u m e s v e r y 
thoroughly. Pavlychenko (2) in Canada and S a l i s b u r y (3) in England c a l l e d at-
tention a few y e a r s l a t e r to the s t r ik ing reduct ion of root s y s t e m s in c o m p e t i -
tion. By and la rge , however, the dif f iculty of exhuming e n t i r e r o o t s has been 
too g r e a t for m o s t i n v e s t i g a t o r s , and s e r i o u s root s tudies have been few. 

In v e r y r e c e n t y e a r s t h e r e has been a renewed i n t e r e s t in root develop-
m e n t s . Chamblee (4) and Bur ton (5) in the S . E . S t a t e s p ioneered in the use of 
r a d i o - t r a c e r s . In the United Kingdom, Troughton (6) c o m p i l e d an i m p r e s s i v e 
l i t e r a t u r e on the underground organs of g r a s s e s and B a k e r (7) and Boggie (8) 
a c t i v e l y employed new techniques . Goedewaagen (9) in Holland contr ibuted 
impor tant ly to methodology. This i s to ment ion only a few n a m e s . 

As s tated we decided to d i r e c t our attention towards methods of root 
study r a t h e r than e x p e r i m e n t a t i o n per s e . We have encountered many di f f icul -
t ies , and at b e s t I r e p o r t this a f ternoon p r o g r e s s only. 

F i r s t of a l l we fe l t some method of d i r e c t o b s e r v a t i o n of r o o t s would be 
advised. C u s t o m a r i l y this i s a c c o m p l i s h e d by exposing a so i l t r e n c h and c a r e -
fully washing away soi l p a r t i c l e s . However, for fine tur f we took c o r e s and 
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developed equipment s i m i l a r to that d e s c r i b e d by W i l l i a m s and B a k e r (10) for 
washing the r o o t s of each c o r e . In a rotat ing funnel with a 6 0 - m e s h se ive , the 
c o r e is s u b j e c t e d to two j e t s of water and the so i l p a r t i c l e s a r e gently washed 
f r o m the r o o t s . We have not yet r e a c h e d the s tage of sett ing our units in s e r i e s 
but wil l do so shor t ly . We find sawdust, peat, e t c . , used in t o p - d r e s s i n g 
g r e e n s to be a m a j o r contaminant of the r o o t s . Ignition of the r o o t s a m p l e s 
and subtrac t ing the a s h f r o m the crude dry weight give a r e a s o n a b l e c o r r e c t i o n 
for m i n e r a l m a t t e r adhering to washed r o o t s . 

D i r e c t washing, no m a t t e r how c a r e f u l l y i t i s done, has inherent weak-
n e s s e s for root study. 

a ) In the f i r s t place, in turf, i t i s a l m o s t i m p o s s i b l e to dis t inguish the 
r o o t s of one plant f r o m those of another growing c l o s e by. How a r e we to 
study the interwoven s y s t e m s of mixed t u r f ? 

b ) In the second place dis t inct ion of l iving roots f r o m dead i s e x t r e m e l y 
dif f icult . How a r e weakly absorb ing or nonabsorbing r o o t s to be dis t inguished 
f r o m those which a r e a c t i v e ? One w o r k e r s t a t e s that o n e - h a l f of the r o o t s y s -
t e m of a perennia l g r a s s dies each y e a r and m u s t be r e p l a c e d . But do we r e a l l y 
know? When i s it r e p l a c e d ? The l i t e r a t u r e i s not v e r y c l e a r yet on the s e a -
sonal c y c l e of root growth. 

c ) In the third place, i t i s r a r e l y poss ib le to r e t a i n a l l of the fine r o o t s 
and root h a i r s which a r e a m o s t impor tant part of the root s y s t e m . S a l i s b u r y 
says root h a i r s i n c r e a s e the absorb ing a r e a of r o o t s sevenfold or m o r e , and 
that a good turf may have 3 to 7 tons of r o o t s per a c r e . A s ingle plant growing 
without competi t ion, and only 4 months old, was b e l i e v e d by one w o r k e r to have 
a root s y s t e m , if " l i n e r a l y a r r a y e d , " 500 m i l e s long, i . e . , f r o m Seat t le to 
B o i s e or t h e r e a b o u t s . The absorb ing a r e a of this s ingle plant was e s t i m a t e d 
to c o v e r a c i ty lot 75 f x 100 ' . 

The l imi ta t ions of d i r e c t washing technique i m p e l l e d us to t r y other ap-
p r o a c h e s to r o o t development . 

At f i r s t we t r i e d to c o n s t r u c t "windows" through which we could look at 
r o o t s at a g l a s s - s o i l i n t e r f a c e . We made boxes with g l a s s f a c e s s e a l e d f r o m 
light except for the purposes of our examinat ion . Be la tedly , we found that to 
" s e e " r o o t s by this method it was important to keep the so i l volume at a m i n i -
m u m or wait a long t ime for r o o t s to appear . Recent ly , t h e r e f o r e , we have 
been using thin g l a s s s l ides containing thin so i l s e c t i o n s . 

One thing these "windows" r e v e a l e d was that r o o t s of c l o s e l y planted 
seedl ings grew j u s t as f a s t as those of thinly planted s e e d l i n g s . Seeding r a t e s 
of 300 l b s . per a c r e gave root s y s t e m s j u s t as long as those of 20 l b s . per 
a c r e . Seedl ings , no m a t t e r how thickly planted, do not begin to exploi t the 
so i l vo lume. Older plants of c o u r s e probably do have root s y s t e m s which fully 
exploit the so i l volume but seedl ings do not. Seedling r o o t s apparent ly do not 
compete in any impor tant way. 

Our "windows" had l imi ta t ions too. S ince roots a r e p r i m a r i l y absorb ing 
organs we wondered if they could not be made to a b s o r b m a r k e r s u b s t a n c e s 
" s t r a t e g i c a l l y " placed in the so i l . We asked, for example , how long i t took a 
turf g r a s s root to r e a c h the 4 in. depth, or the 12 in. depth or whether , in fact , 
i t e v e r r e a c h e d this depth. We needed to find m a t e r i a l s which could be e a s i l y 



r e c o g n i z e d in the plant and which could be r e a d i l y a b s o r b e d . We needed to 
p lace these s u b s t a n c e s in the so i l so as to d is t rub the so i l and the plant as 
l i t t le as p o s s i b l e . 

P l a c e m e n t d i f f i cul t ies w e r e o v e r c o m e in l a r g e m e a s u r e . At f i r s t we 
t r i e d dyes and s u b s t a n c e s which f l u o r e s c e in u l t r a v i o l e t l ight . Acid fuchsin 
s e r v e d well when so i l v o l u m e s w e r e s m a l l . But in the f ie ld with l a r g e plants 
and l a r g e so i l vo lumes we could not get enough dye and f l u o r e s c e n t substance 
into r o o t s to make it " s h o w " in the a e r i a l par t s of the plant. 

Next, as our m a r k e r substance , we t r i e d l i thium, an e l e m e n t which i s 
v e r y l i m i t e d in so i l s but which i s taken up by plants as r e a d i l y as i s the f e r t i -
l i z e r e lement , p o t a s s i u m (Sayre , 1940). It i s an e lement , too, which b e c o m e s 
a s s o c i a t e d with the b a s e c o m p l e x of the so i l and does not move with the so i l 
w a t e r . B y placing s m a l l amounts of l i th ium at v a r i o u s depths in the soil , we 
could l i t e r a l l y , " s e e " the r o o t s as they r e a c h e d our l i th ium l o c a t i o n s . Through 
photometr i c a n a l y s i s , we found that the e l e m e n t appeared in the l e a v e s a l m o s t 
as soon as r o o t s r e a c h e d the p l a c e m e n t . 

32 
Even be t te r than l i th ium as a m a r k e r subs tance was P a r a d i o a c t i v e 

i sotope of phosphorus. B e t a emanat ions f r o m this i sotope a r e e n e r g e t i c and 
a r e e a s i l y r e c o r d e d with a Ge iger counter . A l m o s t as soon as r o o t s r e a c h e d 
v e r y s m a l l p l a c e m e n t s of P 3 2 we could de tec t i t in the l e a v e s . 

32 
Using l i th ium and P we w e r e able to a s c e r t a i n that r o o t s of individual 

plants in a young, sol id tur f grow a l m o s t s t ra ight down; the roots do not s p r e a d 
but exploi t the so i l d i r e c t l y below t h e m . 

C u r r e n t l y we a r e trying i n j e c t i o n and spraying techniques with tur f spe -
c i e s using rad io i so topes and other things. We hope we wil l be able to obtain 
x - r a y photographs or autoradiographs of r o o t s growing in p lace . 

No one method is l ike ly to give us a l l the a n s w e r s needed. P e r h a p s m o r e 
methods of root study a r e needed. On the other hand, maybe the methods at 
hand a r e the ones, and we wil l be able soon to say what happens to roots in 
winter or what happens to r o o t s when we water and mow turf frequently , or 
how roots behave under compact ion . 
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MAINTENANCE O F T R E E S AND SHRUBS 
F O R T H E G O L F C O U R S E 

Roland Koeph* 

The s u b j e c t m a t t e r d i s c u s s e d thus f a r at this 14th Annual Reg iona l T u r f 
C o n f e r e n c e has been c e n t e r e d chief ly upon the e c o n o m i c s of the production and 
c a r e of g r a s s , as applied p a r t i c u l a r l y to golf c o u r s e s and a th le t i c f i e lds . And 
it i s only natura l and proper to put the bulk of s t r e s s on such t o p i c s . Other -
wise , what is there of m o r e i m p o r t a n c e in your b u s i n e s s . 

N e v e r t h e l e s s , in the o v e r - a l l p ic ture of golf c o u r s e management , i t 
would s e e m neglectful , indeed, not to c o n s i d e r s o m e of the other e l e m e n t s p e r -
tinent to grounds management . That i s why, I suspect , that I was asked to 
say something about the maintenance of t r e e s and s h u r b s . 

I would r a t h e r l ike to c l a r i f y my i n t e r p r e t a t i o n of the t i t le of my s u b j e c t 
as printed in the p r o g r a m . It m e r e l y says "Maintenance of T r e e s and S h r u b s . " 
I should l ike to take the l i b e r t y to broaden this to "P lanning the Maintenance of 
T r e e s and Shrubs . " 

B y the way of approach, then, suppose we f i r s t e x a m i n e the r e a s o n s for 
t r e e s and shrubs on the golf c o u r s e . B e s i d e s giving s o m e p l e a s u r e and s a t i s -
fact ion in the e s t h e t i c sense , do they not at the s a m e t ime make m o r e work 
and de l iver m o r e headaches in maintenance p r o b l e m s ? I ' m s u r e we can a c c e d e 
in some d e g r e e to both. Then why have t h e m ? 

F i r s t of all , b e c a u s e of the i r v e r y use fu l funct ions : 

1. Separa t ion and s c r e e n i n g f r o m sight and sound, as for ins tance , 
b o r d e r plantings ad jacent abutting property , roads and highways, or any other 
disturbing f e a t u r e . 

2. Del ineat ion of d i r e c t i o n of play, such as the outlining of fa i rways , or 
the background to a c c e n t the g r e e n s . 

3 . Windbreak, both for p e r s o n a l c o m f o r t of the p l a y e r s , and m o r e i m -
portant yet, the diminishing of the e f f e c t s of drying winds upon the g r a s s . 

4 . P e r s o n a l c o m f o r t to the extent of s h e l t e r f r o m sun and r a i n . 

5. E r o s i o n d e t e r r e n t s , as with c o v e r plantings on s teep s lopes , e m -
bankments , or o t h e r w i s e . 

Now, secondly, we l ike to s e e t r e e s and shrubs on our golf c o u r s e s for 
the i r landscape e f fec t . I ' m s u r e that t h e r e is no need to expand fur ther on 
th is . What c o u r s e s r e c e i v e the m o s t p a t r o n a g e ? The monotonous b a r r e n 
ones, or those with a good c o v e r of t r e e s and g r e e n e r y ? 

So much, then, for the philosophy of t r e e s . Next, to the planning. What 
kinds or s p e c i e s ought to be used on the golf c o u r s e ? Here we should give cog-
nizance to the following: 
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1. Avai labi l i ty 

2. Adaptabil i ty and sui tabi l i ty 

3 . E c o n o m y ( c o s t ) 
In the m a t t e r of avai labi l i ty , one should by a l l m e a n s give a p p r a i s a l to 

t r e e s and shrubs a l r e a d y on hand. A r e they s u f f i c i e n t ? A r e they s a t i s f a c t o r y , 
or should they be r e p l a c e d ? Can you move s o m e to or f r o m other loca t ions on 
the c o u r s e . 

If it turns out that you must buy additional m a t e r i a l , what about the spe -
c i e s that you have in mind? Have you taken into account the f a c t o r s of u l t imate 
habit and growth, ava i lab le so i l and w a t e r ? E a c h s p e c i e has c e r t a i n p r e f e r -
e n c e s and t o l e r a n c e s which may or may not l i m i t i t s use in the loca t ion con-
templated. 

Again, wil l this t r e e or shrub get along without an abundance of attention, 
or m u s t you " p l a n t - s i t " with i t to make it grow or to keep the weeds f r o m o v e r -
whelming i t ? It s e e m s to me, as wel l as i t m u s t to you, I ' m sure , that t h e r e 
i s a l r e a d y enough to do on the c o u r s e without such things . In other words, you 
must have t r e e s and shrubs that can take it - and l ike i t ! 

Now, a word about buying n u r s e r y m a t e r i a l . Get what wil l f i l l the b i l l in 
the b e s t manner , but don't waste your money on exot ic , fancy, and h i g h - p r i c e d 
s tock . You a r e not trying to c r e a t e a bo tan ica l garden. S imple m a s s and ut i l -
i ty a r e your purposes , and the c o u r s e wil l look the b e t t e r for i t . 

So, t h e r e f o r e , along the l ines of s e l e c t i n g planting m a t e r i a l s , I would say 
that native or indigenous s p e c i e s , m o r e often than not, p r e s e n t the b e s t oppor-
tunit ies for landscape m a t e r i a l . T h e s e we know to be a c c l i m a t e d and hardy, 
so why not exploit them. If t h e s e a r e not enough, or not r e a d i l y avai lab le , we 
can look to some of the introduced s p e c i e s which have been a l r e a d y proven in 
your a r e a . 

Among the useful and sui table s p e c i e s of c o n i f e r o u s t r e e s native to the 
w e s t e r n slope, the following a r e r e c o m m e n d e d : 

Douglas F i r 
W e s t e r n Hemlock 
W e s t e r n Red Cedar 
Incense Cedar 
Grand F i r 
C o a s t Redwood 
C a l i f o r n i a Big T r e e 
White Pine 
J a c k P ine 
Lawson C y p r e s s 

Pseudotsuga tax i fo l ia 
Tsuga heterophyl la 
Thuja p l i ca ta 
L i b o c e d r u s d e c u r r e n s 
Abies grandis 
Sequoia s e m p e r v i r e n s 
Sequoia gigantea 
Pinus m o n t i c o l a 
Pinus c o n t o r t a 
C h a m a e c y p a r i s lawsoniana 

In addition, any of the following introduced s p e c i e s g e n e r a l l y ava i lab le 
f r o m n u r s e r i e s , wil l a l s o be found to be sui table : 

Aus t r ian B l a c k Pine 
Scotch P ine 
Deodar Cedar 
At las Cedar 

Pinus n igra 
Pinus s y l v e s t r i s 
Cedrus deodara 
Cedrus a t lan t i ca 



Although i t may be d e s i r a b l e to keep deciduous t r e e s at a minimum, 
p a r t i c u l a r l y in c l o s e v ic in i ty to the green, for sake of v a r i e t y and cont ras t , 
where they can be used e l s e w h e r e , the following will prove s a t i s f a c t o r y : 

Norway Maple 
S y c a m o r e Maple 
Hedge Maple 
Montpel ier Maple 
P a p e r or S i l v e r B i r c h 
European or White B i r c h 
Oregon White Oak 
S c a r l e t Oak 
P a c i f i c Dogwood 
Madrona 
European Ash 
European B e e c h 
Weeping Willow 
European Hornbeam 
Sweet Gum 
B l a c k Walnut 
Golden Chain 
Tulip T r e e 
London P lane T r e e 

A c e r platanoides 
A c e r pseudoplatanous 
A c e r c a m p e s t r e 
A c e r m o n s p e s s u l a n u m 
B e t u l a p a p y r i f e r a 
B e tula a lba 
Q u e r c u s g a r r y a n a 
Q u e r c u s c o c c i n e a 
Cornus nuttal l i i 
Arbutus m e n z i e s i i 
Sorbus aucupar ia 
F a g u s s y l v a t i c a 
S a l i x babylonica 
Carpinus betulus 
L iquidambar s t y r a s i f l u a 
Jug lans n igra 
L a b u r n u m anagyro ides 
L i r i o d e n d r o n tu l ip i fe ra 
P la tanus a c e r i f o l i a 

So far I have not ment ioned anything in the way of s h r u b s . Where such 
may s e e m d e s i r a b l e , in addition to what native m a t e r i a l may a l r e a d y be es tab-
l ished, a s e l e c t i o n f r o m among s o m e of the following old standbys wil l not be 
a m i s s : 

F o r s y t h i a 
Weige l ia 
T a l l S p i r e a 
Pink F l o w e r i n g Dogwood 
Mock Orange 
European C r a n b e r r y Bush 
R e g e l P r i v e t 
E n g l i s h L a u r e l 

F o r s y t h i a for tunei i 
Weige l ia r o s e a 
S p i r e a prunifol ia 
Cornus f lor ida 
Phi ladelphus c o r o n a r i u s 
Viburnum opulus 
L i g u s t r u m r e g e l i a n u m 
Prunus L a u r o c e r a s u s 

O c c a s i o n a l l y one may encounter the p r o b l e m of c o v e r plants for s teep 
banks or s l o p e s . And quite often t h e s e wil l be cuts devoid of humus so i l and 
exposing poor -qua l i ty subsoi l . 

In t h e s e locat ions , b e c a u s e of the poor soil , use of leguminous plants i s 
r e c o m m e n d e d , that i s , those which belong to the pea f a m i l y . B e c a u s e they 
a r e not dependent upon the so i l for ni trogen, they prove quite able to make out 
with poor so i l condit ions which might d i s c o u r a g e other types of s h r u b s . If 
planted c l o s e l y , they a l s o wil l v e r y quickly make a dense c o v e r and e f fec t ive ly 
inhibit or s u p p r e s s the growth of intruding weeds . T h o s e which have been prov-
en s u c c e s s f u l p a r t i c u l a r l y for dry c lay or g r a v e l banks a r e : 

Spanish B r o o m 
C a l i f o r n i a Hybrid B r o o m 
Moonlight B r o o m 
Kew B r o o m 
Dwarf P r i c k l y Genis ta 
B l a d d e r - s e n n a 

S p a r t i u m j u n c e u m 
Cyt isus s c o p a r i u s v a r . 
Genis ta p r a e c o x 
Genis ta k e w e n s i s 
Genis ta his panic a 
Colutea a r b o r e s c e n s 



None of the a forement ioned a r e f la t ground c o v e r s , such as ivy, k inni -
kinnic or s i m i l a r procumbent c r e e p e r s . T h o s e types a l l r e q u i r e too much in-
t imate attention to get to the point of achieving an e f fec t ive c o v e r . L e a v e them 
for the r o c k garden or the patio. 

Launching into my d i s c u s s i o n of maintenance proper , as perta ining to 
t r e e s and shrubs , it s e e m s a l o g i c a l sequence to begin with planting. I c a n ' t 
hope even to approach an adequate t r e a t m e n t of this phase of maintenance in 
the t ime allotted, but I think some fundamentals , at l e a s t , might well be r e -
viewed b r i e f l y . 

Plant ing 

1. T r e e s and shrubs can be moved with the l e a s t p o s s i b l e c a s u a l t y dur-
ing the ra iny months, but not too late in the spring a f te r deciduous m a t e r i a l 
has se t for th f r e s h l e a v e s . 

2. Adequate prepara t ion of the ground should p r e c e d e moving. F o r 
shrubs the a r e a should be spaded or t i l led at l eas t , but p r e f e r a b l y somewhat 
deeper than the depth of the roots of the plants which a r e to be se t out. If the 
ex is t ing so i l has d e f i c i e n c i e s , they should be c o r r e c t e d by the addition of hu-
mus, manure or o therwise , at the t ime of ground p r e p a r a t i o n . 

3 . F o r t r e e s , the planting hole should be p r e p a r e d in advance, taking 
s p e c i a l c a r e to dig at l e a s t a th i rd again as big in d i a m e t e r and depth as the 
r o o t s p r e a d or bal l of the t r e e to be planted. Too l a r g e i s j u s t r ight . If the 
bot tom of the excavat ion should happen to turn out to be hard or i m p e r v i o u s 
soil , unl ikely to drain readi ly , the dra inage had b e t t e r be provided. V e r y few 
t r e e s wil l enjoy wet fee t . L i k e w i s e if the excavated so i l i s poor, i t had b e t t e r 
be d i s c a r d e d and humus topsoi l brought in for backf i l l ing . 

4 . In moving a deciduous t r e e or shrub, usual ly b a r e root , f r o m the 
n u r s e r y or f r o m whatever place it i s dug, be c a r e f u l to keep the b a r e r o o t s 
f r o m becoming exposed to drying a i r . The e n t i r e s u c c e s s of the operat ion 
depends upon this precaut ion . I c a n ' t e m p h a s i z e it too s t r o n g l y ! Good p r o -
tec t ion can be given while moving by keeping the r o o t s hee led in or c o v e r e d 
with wet sawdust or wet l e a f mulch. 

T r a n s p o r t a t i o n and handling of ba l led t r e e s and shrubs a l s o should r e -
c e i v e s i m i l a r attention, although the e a r t h ba l l in this c a s e m a y contain 
enough m o i s t u r e to d ispense with the mulching. If ba l l ed plants a r e to be 
s t o r e d in a s e r v i c e a r e a or the l ike for s o m e days p r i o r to planting, then by 
a l l m e a n s c o v e r the b a l l s with plenty of mulch m a t e r i a l . 

A word m o r e in the m a t t e r of handling heavy ba l led m a t e r i a l . Do not 
pick up the t r e e by the trunk or b r a n c h e s . Don't c a r r y i t l ike a bunch of c a r -
r o t s . The s t r a i n f r o m the weight of the ear th ba l l l ike ly wil l rupture some of 
the roots , or perhaps even the ent i re main s y s t e m , a f t e r which you might as 
wel l throw your plant away. 

Al l t r e e s , deciduous or e v e r g r e e n , should be provided with a s turdy 
s take when planted. Windsway, which i s s u r e to happen in the a b s e n c e of sup-
port to any newly planted t r e e , will, ten c h a n c e s to one, r e s u l t in s e v e r e dam-
age to the r o o t s by wrenching or drying out, or both, and total l o s s of the t r e e . 



F o r ta l l t r e e s , that i s , too ta l l to be adequately staked, provide a t h r e e - w a y 
w i r e guy anchored to f i r m and s e c u r e l y dr iven s t a k e s in the ground, and pro-
tec ted f r o m girdling the t r e e by a c o l l a r of r u b b e r garden h o s e . 

6. Now that you a r e ready to plant your t r e e or shrub, backf i l l the hole 
with loose so i l so that, when placed, the top of the ba l l wi l l be about two inches 
lower than the s u r f a c e of the ground. 

If a t r e e stake is to be used, i t should be placed upright and driven, or at 
l e a s t s tar ted , as c l o s e l y to the s t e m as poss ib le without s e v e r i n g r o o t s . F o r 
ba l led t r e e s , place the s take next to the bal l at an angle, but do not under any 
c i r c u m s t a n c e s dr ive the s take through the ba l l . 

Having taken c a r e of t h e s e p r e l i m i n a r i e s and seeing that the roots a r e 
spread in a natura l fashion, now begin f i l l ing in a l l around them, meanwhile 
t ramping the backf i l l so i l down, at the s a m e t ime seeing that the t r e e r e m a i n s 
e r e c t and i s not f o r c e d out of plumb. Do not a t tempt to c o r r e c t m i s a l i g n m e n t 
a f t e r the b a c k f i l l i s made by trying to pull the top of the t r e e . In f inishing the 
backf i l l , l eave a s l ight d e p r e s s i o n a l l around the trunk as a sink to hold w a t e r . 
Now w a t e r - s e t t l e thoroughly and anchor the t ruck s e c u r e l y to the s take near 
i t s top, using a p i e c e of garden hose e n c i r c l i n g the trunk in f i g u r e - e i g h t fashion 
with the ends nai led s e c u r e l y to the s take . 

F o r ba l led t r e e s , f as ten the trunk to the inc l ined s take previous ly m e n -
tioned at the point that the s take c r o s s e s the trunk. 

All these do 's and don'ts may s e e m r e d i c u l o u s l y e l e m e n t a r y , but at the 
s a m e t i m e too many of them a r e neglec ted or ignored - with the obvious r e s u l t . 
So much for planting. 

Pruning 

In connect ion with the s u b j e c t of planting, something should be said about 
pruning. At the s a m e t ime, i t i s one of the h a r d e s t to d e s c r i b e by words alone 
- - a n d one of the m o s t involved. I sha l l not, t h e r e f o r e , go too far into the de-
ta i l s , but s e e i f I can j u s t br ing out some of the sa l i en t points . 

Pruning of t r e e s and shrubs c o m p r i s e s the methodica l r e m o v a l of par t s 
of a plant, t ree , or shrub with the o b j e c t of improving it in some r e s p e c t for 
the purpose you have in mind. The mot ives m a y be one or s e v e r a l of the 
following: 

1. E l i m i n a t i o n of dead or u s e l e s s par t s 

2. To change the shape, appearance , or c h a r a c t e r of growth. 

3 . To improve the growth, vigor , or product iveness by the e l iminat ion 
of e x c e s s b r a n c h e s . 

To do the j o b proper ly , f i r s t of all , r e q u i r e s a thorough knowledge of the 
growth habits of the t r e e or shrub. Does it n o r m a l l y have a spreading habit 
when mature , or does i t have a s t ra ight l e a d e r ? Will your cutting change that 
hab i t ? Or do you want to change i t ? I ' l l have m o r e to say about this a l i t t le 
l a t e r . 



Next, what i s the b e s t t i m e to prune. Many people have a s k e d me this 
quest ion, thanked me for my advice, and then have gone r ight ahead and done 
as they darn wel l p leased . So I ' m not going to te l l you when to prune. T h e r e 
i s an old saying to the e f fec t that "the b e s t t i m e to prune i s any t ime you have 
a sharp kni fe . " To some extent this i s not wrong. But at the s a m e t ime it i s 
not e n t i r e l y c o r r e c t f r o m the standpoint of being l e a s t harmful , or m o s t b e n e -
f i c ia l , to the t r e e or shrub. 

E a r l y spring, with some few except ions , while a t r e e i s s t i l l dormant , 
but b e f o r e the new growth s t a r t s , i s the b e s t t i m e to prune deciduous t r e e s 
b e c a u s e : 

1. The f r a m e w o r k of the t r e e i s m o s t e a s i l y o b s e r v e d and evaluated 
while the fo l iage is absent . 

2 . Wounds will tend to hea l m o r e rapidly in the spr ing. 

As to the except ions I have in mind, s o m e s p e c i e s of t r e e s , such as 
m a p l e s , beech, and c h e r r i e s exude and waste an e x c e s s of sap with spring 
pruning. We have made a p r a c t i c e of pruning these types a f t e r m i d s u m m e r 
with b e t t e r r e s u l t s . With shade t r e e s , m o r e o v e r , i t may be m o r e p r e f e r a b l e 
to do c o r r e c t i v e pruning in the la te s u m m e r while the t r e e is s t i l l in fol iage 
so that you can m o r e c o m p l e t e l y gauge the extent of n e c e s s a r y b r a n c h e l i m i n a -
tion. 

A few other pert inent f a c t s about pruning might b r i e f l y be s u m m a r i z e d 
thus: 

1. In shortening a b r a n c h or tip, cut at a c r o t c h or next to a s trong 
l a t e r a l . The l a t e r a l wil l then a s s u m e the lead without v a s t sucker ing , such 
as g e n e r a l l y o c c u r s i f the s e v e r a n c e i s made at some d is tance along the branch. 

2. Make c lean f lush cuts next to the trunk or main b r a n c h . Don't l e a v e 
s tubs . The b a r k wil l never heal over them, but eventual ly die back to the 
trunk, or even f a r t h e r . The stub wil l rot , and i n s e c t s and fungus gain e n t r a n c e 
to the main b o r e of the t r e e . 

3 . Pa in t a l l cuts of two inches , or b igger , with lead and oil paint or 
p r e f e r a b l y a s p e c i a l l y p r e p a r e d fungus-inhibit ing t r e e paint. Don't a s s u m e 
that the purpose of the paint i s to "s top the bleeding, " or to heal the wound. 
T h e r e is no appl icat ion of anything that wil l has ten the heal ing p r o c e s s on 
e i t h e r plants or a n i m a l s . Nature wil l take c a r e of that in i t s own way. All 
you can do i s to t ry to prevent infect ion which i s the enemy of heal ing. 

I mentioned awhile ago that I would say something m o r e in connect ion 
with changing the habit of growth in a t ree , and by that I intended to d i s c u s s 
topping of t r e e s and i ts e f fec t . 

Now it wil l not m a t t e r , nor wil l i t change the habit of a t r e e , i f a dead 
top b r a n c h or l e a d e r is r e m o v e d . But, in the c a s e of deciduous t r e e s e s p e -
c ia l ly , what happens i f you top t h e m ? In a l l l ikel ihood a v a s t profusion of r a p -
idly growing compet ing l e a d e r s wil l spring forth, even to wi tches b r o o m ef fec t . 
Most l ike ly you will end up with m o r e b r a n c h e s and a b i g g e r top than you 
s t a r t e d with. The c h a r a c t e r i s t i c shape and upper s t r u c t u r e of the t r e e wil l 
have changed, g e n e r a l l y for the w o r s e - and why? 



L e t ' s see if I can t e l l you in a few words . As you a l r e a d y may be aware 
of, b e s i d e s the b r a n c h e s and buds which have n o r m a l l y developed, there e x i s t 
within and j u s t ins ide the bark many, ac tua l ly thousands, m o r e la tent or non-
e m e r g i n g buds. They o c c u r m o s t e v e r y w h e r e along the trunk and b r a n c h e s . 
S o m e t i m e s , as you have often seen, they s u c c e e d in b r e a k i n g through and f o r m -
ing c l u s t e r s of new growth. Genera l ly , however, the m o s t of t h e m r e m a i n 
latent, or at l e a s t they never b r e a k through and you would never s u s p e c t they 
ex i s t . The amazing fac t i s , however, that they ac tua l ly continue to grow as 
nonemergent buds or b r a n c h e s , elongating as the t r e e or b r a n c h i n c r e a s e s in 
g i r th . They can be d i s c e r n e d under the m i c r o s c o p e in t r e e s e c t i o n s . 

How is it then, you wonder, that m o r e of these buds do not continue to 
e m e r g e and j u s t cover the t r e e with b r a n c h e s and f o l i a g e ? T h e r e m u s t be 
something which prevents t h e m f r o m doing i t . And, as i t so happens, t h e r e i s . 

The m o s t ac t ive par ts of the t r e e , f r o m the standpoint of growth and 
photosynthesis , a r e those which r e c e i v e the m o s t light, that i s , the t ips or top 
b r a n c h e s and the i r tip buds. And h e r e i n i s contained or produced a growth-
regulat ing hormone, b e t t e r d e s c r i b e d , perhaps , as a growth- l imi t ing h o r m o n e . 

Under n o r m a l condit ions this hormone i s t r a n s l o c a t e d by m e a n s of sap 
c i r c u l a t i o n to a l l the lower par t s of the t r e e where it s u p p r e s s e s or a r r e s t s the 
development of the thousands of la tent buds. A c e s s a t i o n in the t r a n s m i s s i o n 
of this hormone at once r e l e a s e s the r e s t r a i n t on these buds, and they i m m e d i -
a te ly se t about growth which soon erupts through the e x t e r i o r bark , and, with 
no m e a n s of regulat ion t h e r e a f t e r , produces a profusion of new b r a n c h e s . 

That, then, i s the r e a s o n for not topping t r e e s . You wil l only get a plant 
with no plan. It wil l be a dam r e l e a s e d . 

B e f o r e concluding my r e m a r k s on pruning, a l l of which so far has been in 
r e l a t i o n to t r e e s , I should l ike to touch on a few things about pruning of s h r u b s . 

As a g e n e r a l axiom, deciduous f lowering shrubs should be pruned i m m e d i -
a te ly following the blooming per iod. Pruning then i s done only if you want to 
r e d u c e the s i z e of the bush, and perhaps at the s a m e t i m e c l e a n out some of the 
old hard exhausted wood. 

In that c a s e , p r o c e e d by cutting out a l l of the dead b r a n c h e s and the o ldest 
b r a n c h e s at the ground, leaving some, a half dozen or m o r e , good v igorous 
b r a n c h e s . If the r e m a i n i n g b r a n c h e s , for your purpose, a r e s t i l l too high, cut 
them back s o m e w h e r e to the height wanted and make the cut next to a minor 
b r a n c h l e t or l e a d e r . 

It i s not r e c o m m e n d e d , though often done, to a c c o m p l i s h pruning of shrubs 
by m e r e l y shear ing the whole works off at a convenient height and ca l l ing that i t . 
T h e r e a r e o c c a s i o n s when the t i m e that can be spent on pruning i s l imited, or 
the man doing the job not as prof i c ient as you'd l ike . In that c a s e t h e r e may be 
some s m a l l j u s t i f i c a t i o n at taking s h o r t c u t s . But you ' l l get j u s t b r u s h a f t e r the 
new growth again develops ! If tha t ' s what you want, tha t ' s what you ' l l get . 

I should point out something a l s o in the manner of pruning the leguminous 
plants r e c o m m e n d e d as bank c o v e r s , the B r o o m s e s p e c i a l l y . While it i s p e r -
f e c t l y a l l r ight and s a t i s f a c t o r y to l e t them go without pruning, they will , how-
ever , a f te r a few y e a r s b e c o m e leggy and apt to be r a t h e r top-heavy and b r e a k -
ing over . To f o r e s t a l l this , i t i s good p r a c t i c e about e v e r y th ird y e a r to s h e a r 



them off a c r o s s the top down to a point near , but not below, the g r e e n wood. 
This wil l produce m o r e sturdy and bushy plants, and that ' s what y o u ' r e a f t e r . 



P R O T E C T I N G G O L F G R E E N S AGAINST W I N T E R K I L L 

J . R . Watson"^ 

In y e a r s when snow c o v e r i s l ight or absent many golf g r e e n s in the 
nor thern United S ta tes and in Canada a r e s e v e r e l y damaged f r o m "winterk i l l . t f 

The g r e a t e s t i n j u r y s e e m s to o c c u r in la te winter - e a r l y spring and i s appar -
ently a r e s u l t of d e s i c c a t i o n . G r e e n s loca ted on high exposed s i t e s , as wel l 
as s i t e s s u b j e c t to e x c e s s i v e wind movement , g e n e r a l l y suf fer the g r e a t e s t 
damage . 

In addition to the d i r e c t in jury , g r e e n s weakened by d e s i c c a t i o n suffer 
m o r e extens ive damage when a t tacked by snowmold and other winter d i s e a s e -
producing o r g a n i s m s . This combinat ion of d e s i c c a t i o n and snowmold is prob-
ably r e s p o n s i b l e for m o r e damage to golf g r e e n s in the n o r t h e r n lat i tudes than 
any other natural phenomenon. 

Golf c o u r s e super intendents employ s e v e r a l techniques to c o m b a t w i n t e r -
k i l l . Some of those in m o r e g e n e r a l use a r e : (1) The e r e c t i n g of snow fence 
and piling of b r u s h to hold snow in p l a c e . Snow i s an e x c e l l e n t p r o t e c t o r or 
" insu la tor , " and if adequate snowfall o c c u r s , this technique i s usua l ly quite 
e f f e c t i v e . (2) Covering the g r e e n s with v a r i o u s types of organic mulch, such 
as s t raw and peat, which provides adequate insulat ion and hold suf f ic ient m o i s -
ture to prevent d e s i c c a t i o n . However, it i s s e l d o m p o s s i b l e to r e m o v e a l l of 
the l i t t e r f r o m the g r e e n in the spring, and, as a r e s u l t , a substant ia l amount 
of undecomposed organic m a t t e r i s added to the g r e e n s e a c h y e a r . This fur -
ther contr ibutes to the build-up of thatch on the g r e e n s . (3) Water is often 
hauled to g r e e n s in tanks and applied in la te winter - e a r l y spring b e f o r e i r r i -
gation s y s t e m s can be turned on. This aids in combat ing d e s i c c a t i o n , and i f 
suf f ic ient amounts can be applied often enough wil l prevent damage . The in-
convenience and c o s t of such an operat ion a r e i ts m a j o r l i m i t a t i o n s . 

To d e t e r m i n e i f the t u r f g r a s s on golf g r e e n s could be phys ica l ly p r o - ^ 
tec ted f r o m winterki l l , a study c o m p a r i n g c l e a r polyethylene (4 m i l P o l y f i l m ) 
and b l a c k 2 " insulated polyethylene ( C e l l - U - M a t 3 ) with unprotec ted a r e a s was 
undertaken at the T o r o R e s e a r c h and Development C e n t e r in the winter of 
1 9 5 9 - 6 0 . 

M a t e r i a l s and Methods 

The b lankets of the two types of polyethylene w e r e a p p r o x i m a t e l y 6 x 12 
fee t in s i z e . Adjacent a r e a s of c o m p a r a b l e s ize w e r e des ignated as "unpro-
t e c t e d " plots . The t e s t was r e p l i c a t e d t h r e e t i m e s . 

T h e r m o c o u p l e s w e r e placed at 2, 4, and 6 inch depths under each plot 
of e a c h r e p l i c a t i o n . A t m o s p h e r i c t e m p e r a t u r e s at 3 i n c h e s and at 6 f ee t as 

D i r e c t o r , Agronomy Divis ion, T o r o Manufacturing Corporat ion , 
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well as at the 2, 4, and 6 inch s o i l depths w e r e r e c o r d e d p e r i o d i c a l l y through 
the winter . All readings w e r e made s h o r t l y a f t e r noon; hence, the e x t r e m e 
lows usual ly r e g i s t e r e d at night w e r e not r e c o r d e d . 

It was ant ic ipated that an envi ronment conducive to snowmold ac t iv i ty 
would be developed; t h e r e f o r e , a l l plots w e r e t r e a t e d with a m i x t u r e of Mi l -
organi te and C a l o - C l o r p r i o r to laying down the b lankets . (See Golf C o u r s e 
R e p o r t e r , Vol . 24, No. 7, Sept. - O c t . 1956 and Golfdom, Vol . 30, No. 10, 
October 1 9 5 6 . ) 

They w e r e held in place by nailing lath around the edges . Holes w e r e 
dr i l l ed in the lath e v e r y 2 or 3 feet and 20-penny spikes w e r e dr iven through 
them into the so i l . The so i l was f r o z e n but not c o v e r e d with snow. T e m p e r a -
t u r e s w e r e r e a d f i r s t on D e c e m b e r 18, 1959. 

R e s u l t s 

R e s u l t s of the study a r e shown in Table 1. 

The m i n i m u m and m a x i m u m t e m p e r a t u r e s r e c o r d e d during the per iod 
of the t e s t - D e c e m b e r 18, 1959 to Apri l 13, I 9 6 0 - a r e shown in Tab le 1. 

T A B L E 1. T e m p e r a t u r e Ranges R e c o r d e d 

Plot Min. T e m p . Date Max. T e m p . Date 

3 " - 6 ° F . J a n . 5 7 4 ° F . Apr i l 11 
Ambient 

6 ' - 9 ° F . J a n . 5 6 8 ° F . A p r i l 12 

2 " 4 ° F . J a n . 5 5 7 ° F . A p r i l 13 

Unprotected 4 " 5 J a n . 5 52 Apr i l 13 

6 " 6 J a n . 5 48 A p r i l 13 

2 " 10° F . J a n . 5 7 3 ° F . Apr i l 13 

C l e a r P o l y f i l m 4 " 10 J a n . 5 58 A p r i l 13 

6 " 11 J a n . 5 54 Apr i l 13 

2 " 18° F . J a n . 5 4 0 ° F . Apr i l 5 
B l a c k Insulated 

Apr i l 5 

C e l l - U - M a t 4 " 18 J a n . 5 40 A p r i l 5 

6 " 18 J a n . 5 40 A p r i l 5 

The m i n i m u m t e m p e r a t u r e s at the 2, 4, and 6 inch so i l depths showed 
l i t t le v a r i a t i o n under the individual t r e a t m e n t s . Such was e s s e n t i a l l y t rue 
until m i d - M a r c h when a t m o s p h e r i c t e m p e r a t u r e s began an upward trend. 



D i s c u s s i o n 

As previous ly stated, l i t t le v a r i a t i o n o c c u r r e d in the t e m p e r a t u r e s r e -
corded at the 2, 4, and 6 inch so i l depths under the individual plots until ap-
p r o x i m a t e l y the middle of M a r c h when a i r t e m p e r a t u r e s began an upward trend. 
Be tween the t r e a t m e n t s , however, there w e r e substant ia l d i f f e r e n c e s , e s p e -
c i a l l y during e x t r e m e cold s p e l l s . During the winter months and p r i o r to the 
g e n e r a l w a r m - u p , the lowest t e m p e r a t u r e s w e r e r e c o r d e d under the unpro-
tec ted plots . T e m p e r a t u r e s at the s a m e t ime under the insulated C e l l - U - M a t 
plots w e r e substant ia l ly h igher . T e m p e r a t u r e s under the c l e a r P o l y f i l m w e r e 
i n t e r m e d i a t e . 

F r o m the middle of M a r c h until the end of the study, t e m p e r a t u r e s under 
a l l plots began to r i s e . The g r e a t e s t a c c e l e r a t i o n o c c u r r e d under the P o l y f i l m . 
T e m p e r a t u r e s under the C e l l - U - M a t i n c r e a s e d v e r y gradual ly and at the end of 
the study w e r e only a few d e g r e e s above f r e e z i n g . T e m p e r a t u r e s under the 
unprotec ted a r e a s w e r e i n t e r m e d i a t e . 

The insulating proper ty of the C e l l - U - M a t i s c l e a r l y evident. On Apr i l 
18 the soi l under the C e l l - U - M a t plot had thawed only an inch or two, w h e r e a s 
that under the unprotec ted a r e a was thawed s o m e 8 to 10 i n c h e s and under the 
P o l y f i l m some 24 to 3 0 i n c h e s . 

As would be expected a m a r k e d d i f f e r e n c e in growth ac t iv i ty o c c u r r e d 
under the individual plots f r o m the middle of M a r c h until the end of the t e s t . 
Growth ac t iv i ty under the P o l y f i l m was m a r k e d l y a c c e l e r a t e d in e a r l y April , 
and by the middle of Apri l t h e s e plots exhibi ted growth and densi ty c o m p a r a b l e 
to that n o r m a l l y expected a f t e r 4 to 6 weeks of spring w e a t h e r . E s s e n t i a l l y no 
growth had o c c u r r e d under the C e l l - U - M a t up until the t ime these b lankets w e r e 
r e m o v e d . Around the edges and in a few a r e a s where m e l t e d snow f o r m e d poc-
ke ts , growth had been init iated, but b e c a u s e of the a b s e n c e of l ight the plants 
w e r e s e v e r e l y et io lated. 

The e a r l y a c c e l e r a t e d growth ac t iv i ty under the P o l y f i l m was p a r t i c u l a r l y 
s igni f i cant . The c h a r a c t e r i s t i c s of the m a t e r i a l a r e such that it p e r m i t s t r a n s -
m i s s i o n of sunlight with a subsequent build-up and s t o r a g e of heat . In addition, 
the m a t e r i a l c o n s e r v e s m o i s t u r e evaporat ing f r o m the so i l and t r a n s p i r i n g f r o m 
the plants . The condensat ion and accumula t ion of this m o i s t u r e on the under -
neath side of the P o l y f i l m no doubt contr ibute to fur ther heat s t o r a g e . C e r -
tainly, i t provides adequate m o i s t u r e for growth and c o m p l e t e l y prevents d e s i c -
ca t ion . In a s e n s e the m a t e r i a l a c t s as a " g r e e n h o u s e . ,f 

This a r t i f i c i a l production of growth in the e a r l y spring - - some two to 
t h r e e weeks p r i o r to n o r m a l - - may prove e s p e c i a l l y d e s i r a b l e f r o m the stand-
point of producing a healthy v igorous b e n t g r a s s able to compete m o r e favorab ly 
with P o a annua. The higher t e m p e r a t u r e s under the P o l y f i l m should p e r m i t 
the b e n t g r a s s to in i t ia te growth as e a r l y as P o a annua. The w a r m e r , m o r e 
deeply thawed so i l should l ikewise p e r m i t the production of a funct ional ly deeper 
root s y s t e m much e a r l i e r than n o r m a l . Th is combinat ion of e a r l y a c c e l e r a t e d 
growth and deeper roots would produce m o r e healthy plants with g r e a t e r densi ty 
and v i g o r . Such was evident on the P o l y f i l m plots under the condit ions of this 
study. 

In c o n t r a s t to the e a r l y a c c e l e r a t e d growth o c c u r r i n g under the P o l y f i l m 
t u r f g r a s s under the C e l l - U - M a t was e s s e n t i a l l y dormant when the plots w e r e 
uncovered . T u r f g r a s s on the unprotec ted a r e a s was l i k e w i s e dormant at this 



t ime; however, growth s t a r t e d within a few days, w h e r e a s on the C e l l - U - M a t 
plots an additional 5 to 7 days w e r e r e q u i r e d . T h e s e a r e a s did not , f ca tch u p " 
to unprotec ted a r e a s for some 2 to 3 weeks a f t e r r e m o v a l of the C e l l - U - M a t . 
T h e s e plots a l s o contained s m a l l patches of P o a annua, which ini t ia ted growth 
e a r l i e r than the b e n t g r a s s . By e a r l y s u m m e r , the P o a annua on these a r e a s 
had i n c r e a s e d , while on the P o l y f i l m plots no i n c r e a s e was evident, in fact , 
there appeared to be an actual d e c r e a s e . 

In spite of the slow growth on the C e l l - U - M a t plots, this m a t e r i a l could 
be advantageous during y e a r s when e x t r e m e v a r i a t i o n s in t e m p e r a t u r e o c c u r 
in la te winter - e a r l y spr ing. Some t h r e e weeks a f t e r removing the c o v e r i n g s , 
t e m p e r a t u r e s dropped to s l ight ly below f r e e z i n g . G r a s s on the C e l l - U - M a t and 
unprotected plots was uninjured, w h e r e a s tip burn or f r o s t bi te did o c c u r on the 
P o l y f i l m plots which had not yet been mowed. On the P o l y f i l m plots which w e r e 
mowed i m m e d i a t e l y a f te r removing the c o v e r i n g s , no damage was evident. 

It i s apparent that the environment produced under the polyethylene b lan-
k e t s is m o s t conducive to snowmold and other d i s e a s e development . T r e a t -
ment for snowmold pr ior to laying down the b lankets i s an e s s e n t i a l r e q u i r e -
m e n t Under the conditions of this study, d i s e a s e development did not o c c u r - -
at test ing to the e f f e c t i v e n e s s of the Mi lorgani te - C a l o - C l o r t r e a t m e n t made in 
e a r l y D e c e m b e r . 

S u m m a r y 

A study to evaluate the e f f e c t i v e n e s s of two types of polyethylene - - c l e a r 
4 m i l P o l y f i l m and b lack 2 " insulated C e l l - U - M a t as p r o t e c t a n t s aga ins t win-
t e r k i l l ( d e s i c c a t i o n ) was conducted at the T o r o R e s e a r c h and Development Cen-
t e r during the winter of 1 9 5 9 - 6 0 . Air t e m p e r a t u r e s w e r e r e c o r d e d at 3 i n c h e s 
and 6 feet . Soi l t e m p e r a t u r e s w e r e r e c o r d e d at 2, 4, and 6 inch depths under 
both m a t e r i a l s as well as under unprotec ted s i t e s . T r e a t m e n t for snowmold 
was made pr ior to laying down the c o v e r i n g s . Such i s c o n s i d e r e d an e s s e n t i a l 
r e q u i r e m e n t . 

Both types of c o v e r i n g s w e r e e f fec t ive in preventing d e s i c c a t i o n . The 
insulat ing p r o p e r t i e s of the C e l l - U - M a t a r e quite apparent . This m a t e r i a l was 
m o s t e f fec t ive in maintaining a un i form t e m p e r a t u r e to the depths studied and 
may be of p a r t i c u l a r value where e x t r e m e v a r i a t i o n s in t e m p e r a t u r e o c c u r in 
la te winter - e a r l y spring. It is c o m p l e t e l y ine f fec t ive as far as s t imulat ing 
e a r l y growth. 

P o l y f i l m prevented d e s i c c a t i o n but was somewhat l e s s e f fec t ive as an 
insu la tor during e x t r e m e l y cold w e a t h e r . On the other hand, this m a t e r i a l 
produced a " g r e e n h o u s e " e f f e c t as the a i r t e m p e r a t u r e s began an upward t rend. 
The e a r l y a c c e l e r a t e d growth resul t ing would appear to be m o s t b e n e f i c i a l 
under many condit ions . The production of healthy, v igorous b e n t g r a s s , able 
to compete favorab ly with P o a annua s e e m s ample j u s t i f i c a t i o n for choosing 
this m a t e r i a l . 

Although the study has been conducted for only one winter , the r e s u l t s 
s e e m to jus t i fy publicat ion. The high c o s t of p e r i o d i c a l l y r e p a i r i n g and r e -
placing winterk i l l ed turf on many golf g r e e n s and a p p r o a c h e s in the nor thern 
la t i tudes i s such that the author f e e l s the use - at l e a s t on a t r i a l b a s i s - of 
polyethylene b lankets i s worthy of c o n s i d e r a t i o n by golf c o u r s e super intendents . 



B U I L T - I N HEADACHES ON G O L F C O U R S E S 

(A P a n e l D i s c u s s i o n ) 

P a n e l M e m b e r s : 

Mr . A. V. Macan, Golf C o u r s e A r c h i t e c t , V i c t o r i a , B . C. 
D r . Roy Goss , A s s i s t a n t A g r o n o m i s t and E x t e n s i o n T u r f S p e c i a l i s t , 

W e s t e r n Washington E x p e r i m e n t Station, Puyallup, Washington 
Mr Milt Bauman, Superintendent, Over lake Golf and Country Club, 

Medina, Washington 
Mr . Dick Haskel l , D i r e c t o r of Golf, City of Seat t le , Seat t le , Washington 

C h a i r m a n and Modera tor : 

Mr . Glen P r o c t e r , Superintendent of R a i n i e r Golf and Country Club, 
Seat t le , Washington 

The meet ing was opened by Mr. P r o c t e r and conducted as fol lows: 

This panel i s h e r e this morning to d i s c u s s with you s o m e of the p r o b l e m s 
a s s o c i a t e d with golf c o u r s e m a n a g e m e n t and is s p e c i f i c a l l y ent i t led " B u i l t - i n 
Headaches . fl We know that there a r e e r r o r s in c o n s t r u c t i o n and m i s t a k e s that 
should be brought to l ight so that future repet i t ion of these wil l not o c c u r . P e r -
haps by d i s c u s s i n g s o m e of these bu i l t - in headaches i t wil l give some of you a 
b e t t e r understanding of the p r o b l e m s that you have c u r r e n t l y and perhaps a few 
suggest ions as to the i r c o r r e c t i o n or m a n a g e m e n t which can be brought to your 
at tent ion. 

I would l ike to point out that quest ions can be brought up f r o m the f loor 
at any t ime and d i r e c t e d to any one of the panel m e m b e r s . F e e l f r e e to br ing 
up anything you wish, s ince this i s your chance to get in two b i t s ' worth at 
some of these e x p e r t s . 

Question, Mr . Roland Koepf: What i s a s u r e - f i r e method of control l ing 
m o l e s ? 

Answer : Milt B a u m a n 

The bes t way of getting r id of m o l e s is by trapping. Another good way, 
i f the so i l s a r e heavy, i s to find a f r e s h m o l e hi l l and s t i ck a hose in t h e r e and 
f lush them out s ince they do not opera te deeper than the heavy c lay l a y e r b e -
low. They can be f lushed out and k i l l ed upon e m e r g e n c e . 

Roy Goss mentioned that t h e r e is a publicat ion out on m o l e s published 
by a gent leman by the name of Mr . R . Glendenning, with the Canadian D e p a r t -
m e n t of A g r i c u l t u r e . His work was done at A g a s s i z , B . C . , and c o v e r e d a 
study of many y e a r s which he made of the l i fe habits of the m o l e . His conc lu-
s ions a f t e r many y e a r s of study and exper iment ing with a l l types of e r a d i c a t i o n 
w e r e that trapping was the only s u r e method. 

Question, J i m Watson, T o r o Company: Has anyone used chlordane for e r a d i c a -
tion of the mole , by getting r id of the food supply? 



A n s w e r : Roy Goss 

I don't know if this technique has been t r i e d in this a r e a , but it c e r t a i n l y 
should be e f fec t ive in that any method that wil l e f f e c t e v e l y get r id of the m o l e ' s 
food supply wil l a l s o get r id of the mole , s ince it wi l l not s tay where t h e r e a r e 
no w o r m s . We have t r i e d methyl b r o m i d e for fumigat ion of our so i l s , and have 
found that t h e r e have been no m o l e s working within a y e a r a f t e r the appl icat ion 
of methyl b r o m i d e . M r . Koepf asked if this was due to r e s i d u a l ac t ion of 
methyl b r o m i d e in the so i l over that per iod of t ime, and the a n s w e r is no. Th is 
i s a pure and s imple c a s e of comple te e r a d i c a t i o n of the worm, a l l f o r m s of 
w o r m s that s e r v e as a food for the m o l e . 

Question, Austin R e g e r : Can anyone give s o m e suggest ions on the proper 
p l a c e m e n t and planting of t r e e s on the golf c o u r s e ? 

A n s w e r : Mr . A. V. Macan 

I a m not an exper t on t r e e planting, s i n c e my b u s i n e s s i s designing the 
golf c o u r s e . However, I do indicate in my des igns where c e r t a i n plantings 
should be placed, and the b a l a n c e of the t r e e s would be le f t to the d i s c r e t i o n 
of the golf c o u r s e . Mr . Macan indicated that the only place that the t r e e prob-
l e m has been tack led thoroughly is on the M c C l e a r y Golf C o u r s e in Vancouver , 
B 0 Co, whose superintendent is M r . J e r r y Crof t . Mr . Macan s tated that this 
i s the only place where the f i r s t thing that should be done is t r e e planting on a 
golf c o u r s e , and in this c a s e it did o c c u r f i r s t . 

Glen P r o c t e r : S ince no quest ions have c o m e in I p r e s u m e that none of you 
fe l lows have any bui l t - in headaches on golf c o u r s e s , and I a m happy to know 
that none of you have. I guess I a m the only guy that does have. 

Quest ion: Would you avoid wet weather in c o n s t r u c t i o n of putting g r e e n ? 

A n s w e r : A. V. Macan 

I a m not a so i l expert , but t h e r e i s no quest ion that when so i l i s worked 
in a wet condition you a r e going to b r e a k down and ruin the s t r u c t u r e of t h e s e 
s o i l s . Th is should def ini te ly be avoided during wet w e a t h e r . We a r e prone 
not to do anything about these during our playing season , b e c a u s e that i s when 
everyone wants the c o u r s e . At the end of the playing season , then, we always 
want to s t a r t in on a c o n s t r u c t i o n p r o g r a m , which of c o u r s e i s the wrong t i m e 
of the y e a r . 

Quest ion: What do I do when the g r e e n i s n ' t v i s i b l e f r o m the f a i r w a y ? 

Answer : A. V. Macan 

It i s the g e n e r a l c o n c e n s u s that everything m u s t be seen . However, I 
quest ion that. I think that t h e r e m u s t be a method of locat ing the pin, but you 
don't have to see a l l of the pin or the g r e e n . The playing i s the tes t ing of i t . 

Quest ion: What do you do when the 9th g r e e n does not r e t u r n to the club 
house ? 

Answer : A. V. Macan 



T h e r e i s v e r y l i t t le a rgument that the c o u r s e should be la id out in at 
l e a s t two loops . The advantages of the t r i a n g u l a r s y s t e m a r e that each f a i r -
way i s d is t inc t f r o m any other , but you won't be able to make a t r i angular 
pat tern on a c o u r s e of this nature u n l e s s you have at l e a s t 160 a c r e s . In any 
c a s e you may have to change a hole or two, but you wil l c e r t a i n l y endeavor to 
s t a r t and f inish at the s a m e spot on e v e r y golf c o u r s e i f at a l l p o s s i b l e . 

Glen P r o c t e r : I think at this point that we have m o r e or l e s s m i s s e d the boat 
in this panel d i s c u s s i o n on b u i l t - i n h e a d a c h e s . T h e r e f o r e , I would l ike at this 
t ime to s t a r t around the c i r c l e of the panel m e m b e r s and ask each of t h e m 
what his idea i s on some of these b u i l t - i n h e a d a c h e s . P e r h a p s this wil l s t i m u -
la te quest ions along this l ine f r o m the f l o o r . F i r s t I would l ike to c a l l on Milt 
B a u m a n . 

Milt : I think perhaps that I have as many b u i l t - i n headaches as anyone. When 
Over lake was built, I had b u i l t - i n headaches on my g r e e n s b e c a u s e there was 
a shor tage of topsoil , and a l l the g r e e n s and aprons w e r e made out of c l a y that 
was dragged out of a lakebed. This c l a y and s i l t when m i x e d with sand d r i e s 
out and m a k e s a pret ty fa i r grade of c o n c r e t e , and in the winter it i s a l m o s t 
l ike mush . The g r e e n s a r e t i led out beneath, but the water d o e s n ' t go any-
w h e r e . The t i l e s run around in a c i r c l e and w e r e not c a r r i e d away f r o m the 
g r e e n . If the water could get down through the c l a y to the t i l e l ine i t s t i l l 
couldn' t go anywhere, and i t has c r e a t e d s o r t of a b a s i n . B e l i e v e me, i t i s a 
r e a l p r o b l e m The only way that I know to modify this i s by r e c o n s t r u c t i o n . 
I c a l l that a bu i l t - in headache . Another thing that happened was with the water 
s y s t e m . By trying to save money and put in old pipe and p las t i c polyethelene 
I 've had a p r o b l e m to fight ever s i n c e . This past s u m m e r I think that I have 
patched s o m e w h e r e between 85 and 90 l e a k s in about 21 months, and ac tua l ly 
we a r e f inal ly o v e r c o m i n g t h e s e . I think the thing that golf c o u r s e m a n a g e m e n t 
f a c e s when i t f i r s t s t a r t s i s that i t j u s t d o e s n ' t have enough money to c a r r y out 
the c o n s t r u c t i o n p r o g r a m that it wants . 

Dick Haske l l : I don't l ike to c a l l this b u i l t - i n h e a d a c h e s . I l ike the word bui l t -
in c h a l l e n g e s a l i t t le b e t t e r That long walk f r o m the g r e e n to the next tee i s 
one of my m a j o r compla ints of the b u i l t - i n headaches on the golf c o u r s e . We 
can quite often get in as much d i s t a n c e walking f r o m g r e e n to tee as we do f r o m 
tee to green, so that when you get through playing a game of golf you have 
walked about twice as f a r as you need to. Looking at i t f r o m the c i ty or public 
golf c o u r s e standpoint, by s t re t ch ing out the d i s t a n c e f r o m the g r e e n to the tee 
you slow down your t ra f f i c , and you c a n ' t put as many people a c r o s s i t in a day. 
In pr ivate c lubs this may not be so much of a p r o b l e m . Another thing i s t r e e s . 
In one c a s e we have maple t r e e s planted too c l o s e to the putting green, and 
t h e r e a r e so many l e a v e s on i t you couldn' t putt on i t i f you wanted to. Y e t 
they say the t r e e i s too pret ty to cut down. This thing should have been spotted 
while the p r o b l e m was developing and e l i m i n a t e d b e f o r e it got to the point 
where i t was going to c r e a t e too much trouble to r e m o v e the b u i l t - i n headache . 
Another p r o b l e m i s that we usual ly don't make the f i r s t few holes e a s y ones 
and the b a l a n c e of the holes toughened up to the point where it m a k e s the c o u r s e 
a d e s i r a b l e one to play. In this way you don't get the people off to a good s t a r t 
b e f o r e they a r e l i m b e r e d up and in good shape, and you get f ewer people off of 
the f i r s t t e e . Otherwise if you put t h e m on tough holes in the beginning, you 
slow down the play to the point where you don't get enough people over the 
c o u r s e in a day. Sloping f a i r w a y s a r e another p r o b l e m . However, as Mr. 
Macan says , you have to work with what you have, but i f t h e r e i s anything that 
can be done in the c o n s t r u c t i o n of the c o u r s e to e l i m i n a t e s o m e of these prob-
l e m s they should be done now i n s t e a d of l a t e r , when the c o n s t r u c t i o n i s much 
m o r e expens ive . 



Roy, what a r e some of the headaches you have s e e n when t rave l ing 
around? 

Roy G o s s : My f i r s t compla int on b u i l t - i n headaches on golf c o u r s e s i s that of 
mixing or not putting the g r e e n together r ight in the f i r s t p l a c e . We get g r a n -
diose ideas about what we want to do, but we have a l i m i t e d pocketbook with 
which to do itc T h e r e f o r e , i f we cannot build a g r e e n r ight why do i t at a l l ? 
We may have to c o m e back l a t e r at perhaps 2 or 3 t i m e s the o r i g i n a l c o s t to 
rebui ld this green, plus the fac t that we have suf fe red with a poor g r e e n for 
many y e a r s . Another thing i s that during this per iod of r e c o n s t r u c t i o n we 
have l o s t the g r e e n for a l l p r a c t i c a l purposes during that per iod of r e c o n s t r u c -
tion, Another point i s "on s i t e " mixing i n s t e a d of mixing so i l " o f f - s i t e 0 " 
T h e r e i s no e x c u s e for this on s i te mixing, s i n c e i t can be a c c o m p l i s h e d v e r y 
e a s i l y off s i te and without running into this l a y e r i n g propos i t ion . Another prob-
l e m is that we a r e too prone to use too much of what i s at hand0 We a r e prone 
to use such things as peat f r o m some of these l o c a l b o g s . This peat i s in a 
highly decomposed state , and a f te r mixing this stuff together in a putting g r e e n 
we c o m e out with a h i g h - c l a s s gob of junk„ We have s p e c i f i c a t i o n s and s o m e 
s c i e n t i f i c invest igat ion on the proper techniques of c o n s t r u c t i o n . T h e s e a r e 
wel l known and a r e ava i lab le upon reques t , and there i s no e x c u s e for poor 
c o n s t r u c t i o n when we know some of the r ight a n s w e r s at the p r e s e n t t i m e . 
Here in the Seat t le a r e a we can point out s e v e r a l e x a m p l e s of i m p r o p e r con-
s t ruc t ion with the use of poor organic f r a c t i o n s . 

Glen P r o c t e r : I think we sha l l t e r m i n a t e the quest ions on b u i l t - i n headaches 
at this t ime, s ince we a r e running a l i t t l e shor t of t i m e . We wil l now c a l l on 
our next speaker„ 



A T H L E T I C F I E L D MANAGEMENT 

Norman Goetze* 

The p r o b l e m s of a th le t i c f ie ld m a n a g e m e n t a r e c o n s i d e r a b l y d i f fe rent 
than m o s t other turf s i tuat ions and have r e c e i v e d l i t t le at tent ion. 

F i r s t of all , m o s t a th le t i c f ie lds have l e s s tota l use per unit a r e a than 
other turf . They a r e used only during a few months of the y e a r , and do not 
r e c e i v e as much u n i f o r m m a n a g e m e n t throughout the s e a s o n . Secondly, the 
w e a r i s m o r e c o n c e n t r a t e d during b r i e f t i m e s of the s e a s o n . In other words, 
a footbal l or b a s e b a l l f ie ld is used in tens ive ly for two or t h r e e months during 
that p a r t i c u l a r spor t per iod. The wear on the tur f i s quite heavy per week. 
Most a th le t i c events r e q u i r e a m o r e rapid change of d i r e c t i o n and m o r e c o m -
pacting types of m o v e m e n t s by the a t h l e t e s than golf or home lawn u s e . 

One of the m o s t s e r i o u s l y l imit ing f a c t o r s in a th le t i c f ie ld m a n a g e m e n t 
i s the p e r s o n n e l used in i t s m a n a g e m e n t . In many public a th le t i c f ie lds , and 
e s p e c i a l l y on schools , i t i s s o m e t i m e s r a t h e r dif f icult to d e t e r m i n e e x a c t l y 
who has the f inal authori ty in i ts operat ion . T h e r e tends to be a shuffling 
of authori ty with no d i r e c t r e s p o n s i b i l i t y in many c a s e s . 

The m a n a g e m e n t p r o c e d u r e s should be fit into t h e s e above condi t ions . 
They m u s t be t imed accord ing to the needs of the f ie ld f i r s t , and accord ing 
to the needs of the tur f second. O v e r - r i d i n g t h e s e t iming d e c i s i o n s i s the 
g e n e r a l l a c k of wel l t ra ined y e a r - a r o u n d p e r s o n n e l . 

F e r t i l i z a t i o n 

The u s e of n i t rogen f e r t i l i z e r m u s t be v e r y c a r e f u l l y t imed so as to avoid 
a l l but the l i g h t e s t p o s s i b l e appl icat ions during the t ime of use of the f ie ld . 
Where fa l l and winter use i s to be made of turf, i t i s r e c o m m e n d e d that the 
n i t rogen appl icat ions be made j u s t at the end of the use s e a s o n in la te fal l , 
and during the la te spring and s u m m e r months, p r i o r to any fa l l u s e . F a l l 
and spring f e r t i l i z a t i o n i s r e c o m m e n d e d for a th le t i c f ie lds u s e d m o s t heavi ly 
in s u m m e r p e r i o d s . The tota l amount of n i t rogen to be u s e d during a s e a s o n 
should n e v e r e x c e e d 4 pounds of ac tua l n i t rogen per 1000 s q u a r e feet , with no 
m o r e than 2 pounds during any one appl icat ion. Ideally, no n i t rogen should be 
used l a t e r than two weeks b e f o r e any u s e . P r e f e r a b l y the individual appl i ca -
t ions should be l i m i t e d to one pound of ac tua l n i t rogen per s ingle applicat ion, 
with, of c o u r s e , the except ion when the u r e a - f o r m a l d a h y d e m a t e r i a l s a r e 
used . It should be noted, however, that these m a t e r i a l s a r e not e f fec t ive long 
las t ing ni trogen f e r t i l i z e r s , u n l e s s a tota l of 4 pounds of ac tua l n i t rogen i s 
used per 1000 square fee t per y e a r . The u s e of these m a t e r i a l s should be 
c o n s i d e r e d only when h e a v i e r ni t rogen r a t e s a r e used . 

It has long been known that phosphorus and potash contr ibute to good 
root growth and to b e t t e r wear r e s i s t a n c e by a th le t i c turf . However, the 
amount of these m a t e r i a l s to be used i s c o n s i d e r a b l y l e s s than the amount 
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of n i t rogen used. A m a t e r i a l l ike 6 - 1 0 - 4 , in my opinion, has no place in the 
routine f e r t i l i z a t i o n of an a th le t i c f ie ld . Phosphorus and p o t a s s i u m a r e r e c -
ommended for use only once during a season , at r a t e s no higher than one 
pound per 1000 square fee t . Phosphorus and p o t a s s i u m appl icat ions a r e b e s t 
made when the so i l m o i s t u r e condit ions a r e high, so that t h e s e m a t e r i a l s can 
move into the so i l root zone for use by the plants b e f o r e they b e c o m e tied up 
in so i l co l lo id s y s t e m s * 

C e r t a i n l y l iming plays an impor tant par t in a th le t i c f ie ld m a n a g e m e n t on 
a c i d so i l s , p r i m a r i l y in that i t m a k e s other plant nutr ients m o r e a v a i l a b l e . 
The appl icat ion of l i m e i s m o s t e f fec t ive when i t is applied b e f o r e plantingo If 
i t m u s t be applied to old e s t a b l i s h e d turf, i t s e f f e c t i v e n e s s can be i n c r e a s e d 
with a e r i f i c a t i o n . Some r e c e n t s u c c e s s has been obtained by the use of dolo-
m i t i c l i m e s t o n e in c o n t r a s t to the convent ional c a l c i u m c a r b o n a t e l i m e s t o n e . 
This s u c c e s s can be contr ibuted to the supply of a minor e lement , m a g n e s i u m . 
It cannot be r e c o m m e n d e d without a so i l test , which would show the need for i t . 

Other e l e m e n t s have s o m e e f f e c t s on c e r t a i n sandy or peat s o i l s . How-
ever , in genera l , we think that with the proper use of l ime , ni trogen, phospho-
rus , and potass ium, a d e s i r a b l e turf can be cu l tured on m o s t s o i l s . 

Mowing 

The mowing of a th le t i c tur f i s a c o n t r o v e r s i a l s u b j e c t . Many a th le t i c 
a r e a s in the P a c i f i c Northwest a r e pret ty much neglected, as fa r as mowing 
i s concerned , except j u s t p r i o r to the use p e r i o d s , Allowing the tur f to make 
e x c e s s i v e l y high growth and then quickly reducing the cutting height cont r ibutes 
to r a t h e r shallow root growth and poor r e s i s t a n c e to m e c h a n i c a l w e a r . Ideally, 
the tur f should be mowed throughout the season, as i f i t w e r e being used. Of 
c o u r s e , this c r e a t e s budget p r o b l e m s in many c a s e s . 

The m a t t e r of mowing heights a l s o i s condusive to s o m e debate . In gen-
e r a l , we should never r e m o v e m o r e c l ippings by height than the height of 
stubble that i s le f t a f ter mowing. If the g r a s s i s mowed three i n c h e s high, then 
i t can be al lowed to r e a c h a height of s i x inches b e f o r e mowing. On the other 
hand, i f the turf i s mowed at I2 inches , then i t should be mowed e v e r y t ime i t 
m a k e s I2 i n c h e s of growth above the mowing height. 

Many c o a c h e s p r e f e r to have tur f r a t h e r c l o s e l y mowed, b e c a u s e they 
think they a r e getting a m o r e un i form turf and l e s s r e s i s t a n c e to the m o v e m e n t 
of athletes*, This i s usual ly true, but it a l s o c r e a t e s other problems, . In ob-
taining a m o r e u n i f o r m turf by c l o s e mowing, condit ions which wil l not support 
heavy w e a r a r e c r e a t e d . 

If budget p r o b l e m s prohibi t routine f requent mowing when the f ie ld i s not 
in use, it would be b e t t e r to mow once e v e r y two or t h r e e weeks than to l e t the 
tur f grow up into a hay f ie ld and then spend t h r e e or four mowings on it, in 
mowing i t shor t at the beginning of the s e a s o n to get i t into shape. 

The d i sposa l of c l ippings s o m e t i m e s b e c o m e s a p r o b l e m . Usually, how-
ever , on m o s t a th le t ic turf, we don't have to r e m o v e those c l ippings i f we cut 
f requent ly enough. Also, by allowing the c l ippings to r e m a i n on the turf , the 
r e q u i r e m e n t s for potass ium a r e reduced through the y e a r s . Under m o s t a th le -
t ic tur f condit ions, I p e r s o n a l l y p r e f e r the use of the r o t a r y m o w e r s , b e c a u s e 



they can b e t t e r handle weeds which m a y often be a s s o c i a t e d with a th le t i c f i e l d s . 
Some of the g r a s s e s which we use s o m e t i m e s have seed heads which can be 
m o r e e f f i c ient ly handled by the r o t a r y type m o w e r . 

Water ing 

Throughout the P a c i f i c Northwest , water ing p r o b l e m s on a th le t i c f ie lds 
a r e acute . I f ee l that much i m p r o v e m e n t in the water ing techniques can be 
done. Many of the g r a s s e s used on these f ie lds a r e drought to lerant , and don't 
r e q u i r e f requent water ing l ike s o m e other t u r f s . When they a r e watered, the 
so i l should be sa tura ted at l e a s t to a 4 - 6 inch depth, p r e f e r a b l y 6 - 8 inches on 
s o m e s o i l s . Most of the s p r i n k l e r s and i r r i g a t i o n s y s t e m s that a r e used on 
these f ie lds apply water too quickly and do not apply enough w a t e r . I t ' s an e s -
tab l i shed fac t that i f we wil l water thoroughly ins tead of using many l ight f r e -
quent water ings , a deeper penetrat ing root s y s t e m wil l be developed. It wil l 
be much m o r e r e s i s t a n t to m e c h a n i c a l w e a r . S y s t e m s which apply no m o r e 
than 0. 25 inches per hour a r e r e c o m m e n d e d . The m a t t e r of water ing schedules 
around the use of the f ie ld should a l s o be c o n s i d e r e d . I would p r e f e r that p r i o r 
to a heavy use period, the turf should be dry to avoid so i l c o m p a c t i o n . Then, 
i m m e d i a t e l y a f t e r the a th le t ic event, the turf should be thoroughly watered, so 
that the g r a s s can r e c o v e r quickly and so that it wil l have a chance to dry out 
b e f o r e the next heavy u s e . 

A e r i f i c a t i o n 

Compact ion i s a lways a p r o b l e m on a th le t i c f i e lds . The compact ion on 
a th le t i c f ie lds is usual ly m o r e s e v e r e near the s u r f a c e and usual ly i s not v e r y 
deep. The shallow c o m p a c t l a y e r i s m o r e e a s i l y c o r r e c t e d than compact ion 
on golf g r e e n s . A v e r y p r a c t i c a l method of solving this prob lem is the use of 
f ie ld model a e r i f i e r s . 

A e r i f i c a t i o n during the la te spr ing or s u m m e r per iods is m o r e p r a c t i c a l 
than during the wet ter fa l l per iod s . The e f f e c t s of a e r i f i c a t i o n wil l a l s o be 
m o r e permanent when done when the so i l i s not s a t u r a t e d . I p r e f e r a c o n s i s t e n t 
p r o g r a m of aer i fy ing at l e a s t once a y e a r a f t e r spring p r a c t i c e on footbal l 
f ie lds , or b e f o r e the s t a r t of the b a s e b a l l s e a s o n on s u m m e r types of a th le t ic 
a r e a s . 

D r a i n a g e 

One of the m o s t s e r i o u s p r o b l e m s in c o n s t r u c t i o n i s that of s u r f a c e dra in -
age . If suf f ic ient slope can be put onto the field, so that water does not a c c u -
mulate in puddles during heavy r a i n s or i r r i g a t i o n s , many of the needs for r e -
novation can be prevented. S lopes as low as 18 i n c h e s crown on a footbal l field, 
or 2 per cent on other f ie lds , a r e c e r t a i n l y suf f i c ient to give good s u r f a c e 
drainage , if the slope is made u n i f o r m . It d o e s n ' t take much of a slope to r e -
move water , even f r o m a dense turf, as long as puddling i s prevented. Most 
of the newer c o n s t r u c t i o n p r o j e c t s a l s o have s e w e r d r a i n s at the edges of the 
f ie lds to c a t c h the s u r f a c e water and r e m o v e it f r o m the f ie ld b e f o r e it b e c o m e s 
a p r o b l e m to other a d j a c e n t a c t i v i t i e s . 

In terna l soi l dra inage i s a l s o a p r o b l e m and can usual ly a r i s e f r o m one 
of two poss ib le condit ions . The f i r s t i s the l ayer ing of d i f ferent types of so i l 



m a t e r i a l during c o n s t r u c t i o n . S ince water moves f r e e l y between soi l l a y e r s 
only when the l a y e r s a r e saturated, t i le dra inage is ine f fec t ive in l a y e r e d con-
s t r u c t i o n . If no l a y e r s a r e present , the second p r o b l e m m o s t often e n c o u n t e r -
ed i s that of insuf f i c ient t i le or s u b - s o i l dra inage underneath the turf . Routine 
t i le dra inage s y s t e m s involving adequate l a t e r a l , suf f ic ient fal l , and good out-
l e t s a r e r e c o m m e n d e d . 

B e f o r e es tab l i sh ing new athle t ic f ie lds , a thorough understanding of the 
individual g r a s s s p e c i e s that can be used must be obtained. F a r too often we 
at tempt to develop a f ie ld which wil l be appealing to the crowd without giving 
enough attention to the g r a s s ' s wear c a p a b i l i t i e s . The c h a r a c t e r i s t i c s for 
a th le t ic tur f of each of the m o s t c o m m o n l y used s p e c i e s in the P a c i f i c North-
wes t fo l lows. 

G r a s s e s 

The b e n t g r a s s e s develop a r a t h e r dense turf, which can quickly r e p a i r 
damaged a r e a s by i ts vegetat ive growth. B e n t g r a s s i s wel l adapted to the high 
a c i d i c nature of many of the w e s t e r n Oregon and Washington condit ions, and 
r e q u i r e s r e l a t i v e l y low amounts of f e r t i l i z e r . Its g r e a t e s t w e a k n e s s is i t s 
poor wear r e s i s t a n c e . It does not stand up to e x c e s s i v e l y heavy t r a f f i c during 
any s e a s o n of the y e a r , and is conducive to much sl ippage and tear ing c a u s e d 
by rapid changes of d i rec t ion , e s p e c i a l l y when the sod i s wet or when the s o i l s 
a r e sa tura ted . It should be d i s c o u r a g e d on a l l but the r a t h e r l ight ly used ath-
l e t i c a r e a s . In these condit ions, A s t o r i a of Highland i s p r e f e r r e d over S e a s i d e . 

The b l u e g r a s s e s a r e m o r e r e s i s t a n t to wear than b e n t g r a s s e s , and a l s o 
have the abi l i ty to quickly r e p a i r damage resu l t ing f r o m m e c h a n i c a l w e a r by 
the i r ex tens ive r h i z o m e development . They a r e a l s o quite appealing to the 
non-par t i c ipat ing audience . The b l u e g r a s s e s a r e b e s t adapted to a r e a s e a s t 
of the C a s c a d e Mountains and south of the Wi l lamet te V a l l e y in Oregon. In 
nor thern P a c i f i c loca t ions , they r e q u i r e much m o r e l iming and m o r e f e r t i l i t y 
than do the b e n t g r a s s e s , and usual ly do not p e r s i s t as long as b e n t g r a s s e s . 
Consequently, the b l u e g r a s s e s a r e r e c o m m e n d e d only in the inland a r e a s . 

As to the v a r i e t i e s of b l u e g r a s s e s for those p a r t i c u l a r a r e a s , c o m m o n 
Kentucky b l u e g r a s s i s j u s t as good as any of the newer v a r i e t i e s , and would 
r e q u i r e s l ight ly l e s s c a r e than a v a r i e t y l ike Mer ion . 

The f e s c u e s can be divided into two broad c a t e g o r i e s . T h o s e a r e ta l l 
f escue , r e p r e s e n t e d by Alta or Kentucky 31, and the fine f e s c u e s , which in-
clude chewings f e s c u e or named v a r i e t i e s of c reep ing r e d f e s c u e s . The fine 
f e s c u e s a r e e a s i l y es tab l i shed, develop a u s a b l e turf r a t h e r quickly, and a r e 
m o r e drought r e s i s t a n t than the b e n t g r a s s e s . R e p a i r of e x c e s s i v e m e c h a n i c a l 
damage by the fine f e s c u e is not as f a s t as e i ther the b e n t g r a s s e s or the b lue-
g r a s s e s . Chewings f e s c u e i s s l ight ly m o r e drought r e s i s t a n t than the s e l e c t i o n s 
of c reep ing r e d f e s c u e . However, this can se ldom be not iced under a th le t i c 
condi t ions . Both of these f e s c u e s a r e somewhat dif f icult to mow when the g r a s s 
is s u b j e c t e d to drought condit ions . Of the named v a r i e t i e s of c r e e p i n g r e d f e s -
cues , t h e r e a r e l i t t le d i f f e r e n c e s between I l lahee, R a i n i e r , and Pennlawn for 
a th le t i c use in the Northwest . 

The ta l l f e s c u e s a r e e x t r e m e l y r e s i s t a n t to m e c h a n i c a l wear and a r e a l s o 
v e r y drought t o l e r a n t . T a l l f e s c u e s tend to f o r m c lumps when mowed as turf 
and must not be mowed s h o r t e r than 21 to 3 inches , i f they a r e to surv ive . To 



avoid this clumping nature, seeding r a t e s of 200 to 400 pounds per a c r e a r e 
r e c o m m e n d e d . The tal l f e s c u e s a r e r a t h e r slow to e s t a b l i s h and a r e dif f icult 
to mow with r e e l m o w e r s , b e c a u s e of an e x t e m e l y tough leaf , and b e c a u s e they 
tend to f o r m seed heads which a r e dif f icult to mow. T h e r e is no a p p r e c i a b l e 
d i f f e r e n c e in v a r i e t i e s of ta l l f e s c u e for tur f u s e . 

The potential of r y e g r a s s e s for a th le t i c turf s o m e t i m e s i s overlooked, 
b e c a u s e the r y e g r a s s e s a r e s h o r t - l i v e d . The perennia l r y e g r a s s p e r s i s t s 
under turf condit ions for only two or t h r e e y e a r s , the annual r y e g r a s s l a s t s 
only during one s e a s o n . However, the r y e g r a s s e s a r e the m o s t e a s i l y e s t a b -
l i shed g r a s s e s and for t e m p o r a r y turf u s e s , a r e advantageous in that they can 
be planted a f te r the spring s e a s o n and can develop turf dense enough for some 
l i m i t e d u s e during the fa l l per iod. They can be used in m i x t u r e s with other 
g r a s s e s at 25 per cent or l e s s to provide a t e m p o r a r y turf during the f i r s t s e a -
son while the m o r e d e s i r a b l e g r a s s e s a r e being developed. 

Seeding 

The t ime of seeding of a th le t i c tur f f ie lds , of c o u r s e , i s a p r o b l e m b e -
c a u s e of usual ly high use demands for those p a r t i c u l a r a r e a s . If one full y e a r 
i s ava i lab le for the e s t a b l i s h m e n t , then e a r l y fa l l planting i s p r e f e r r e d . Spring 
or e a r l y s u m m e r planting of anything except r y e g r a s s , cannot be s a f e l y used 
during the following s u m m e r or fa l l . However, fa l l planting can g e n e r a l l y be 
used during the following s u m m e r and fa l l per iod. A r e c e n t l y used s u c c e s s f u l 
method of renovating newly damaged a r e a s i s to plant the seeds pr ior to the 
l a s t b a s e b a l l or l a s t footbal l games , so that the p l a y e r ' s c l e a t s wil l tend to 
develop holes into which many of the seeds wil l be washed with following i r r i -
gat ions or r a i n . By the next season, young g r a s s plants wil l be found develop-
ing in m o s t of t h e s e c l e a t h o l e s . This r e q u i r e s , of c o u r s e , a m i n i m u m of t i l l -
age and the savings in t i l lage can be used for higher amounts of seed for this 
p a r t i c u l a r technique. 

A m o s t s u c c e s s f u l a th le t i c f ie ld is the r e s u l t of a wel l - thought-out , y e a r -
around m a n a g e m e n t p r o g r a m , keeping in mind, f i r s t of al l , the u s e of the a r e a , 
and adjusting n e c e s s a r y m a n a g e m e n t p r o c e d u r e s to f i t those u s e p e r i o d s . Much 
e f for t can be saved by sett ing up a s e a s o n - b y - s e a s o n t i m e table to avoid l a s t 
minute dupl icatory o p e r a t i o n s . 





S P E C I F I C A T I O N S F O R 
A METHOD O F P U T T I N G G R E E N CONSTRUCTION 

B i l l Bengeyfield"^ 

Golf c o u r s e c o n s t r u c t i o n i s p r e s e n t l y enjoying i ts m o s t a c c e l e r a t e d pace 
s i n c e the introduction of the game of golf into the United S t a t e s . Not only a r e 
new c o u r s e s being built but old ones a r e being " m o d e r n i z e d . 11 

The c o s t of maintenance has inf luenced s o m e c lubs in the i r d e c i s i o n s to 
undertake a rebuilding p r o g r a m . T h e r e i s a need to do away with f e a t u r e s 
such as sharp contours and abrupt tee s lopes which c r e a t e maintenance prob-
l e m s . 

Golf c o u r s e design and golf c o u r s e c o n s t r u c t i o n have been c o n s i d e r e d an 
a r t r a t h e r than a s c i e n c e . The individuality and the c h a r a c t e r of golf c o u r s e s 
in this country have r e s u l t e d f r o m the a r t i s t i c ta lents of s o m e of the g r e a t a r -
c h i t e c t s in whose minds they w e r e conce ived . 

L ikewise , cons t ruc t ion methods have b e e n developed as a r e s u l t of indi-
vidual e x p e r i e n c e s and individual p r e f e r e n c e s . It i s a t r ibute to those whose 
e f f o r t s have gone into golf c o u r s e building as wel l as to those who mainta in 
them that so many c o u r s e s have stood up wel l over the y e a r s . 

The pace of golf ac t iv i ty and the t r a f f i c on golf c o u r s e s i s p r e s e n t l y at a 
peak, however, which has never been equaled in our country . Many of the 
c o n s t r u c t i o n methods that w e r e s a t i s f a c t o r y in an e a r l i e r day wil l no longer 
produce g r e e n s which will withstand the wear that i s now i m p o s e d upon them. 

B e c a u s e of t h e s e c o n s i d e r a t i o n s , the G r e e n Sec t ion has for the l a s t de-
cade i n t e r e s t e d i t s e l f in c o n s t r u c t i o n methods and in a study of the physica l 
p r o b l e m s of so i l s used in putting g r e e n s . R e s e a r c h in t h e s e m a t t e r s has been 
sponsored by the G r e e n Sec t ion at B e l t s v i l l e ; at Oklahoma State Univers i ty ; at 
UCLA; and during the past s i x y e a r s an in tens ive p r o g r a m of study has been 
supported at T e x a s A. & M. C o l l e g e . 

It has been found that the p r o b l e m s of c o n s t r u c t i o n p r o c e d u r e s and meth-
ods and those of phys ica l behavior of s o i l s cannot be s e p a r a t e d . The two m a t -
t e r s a r e r e l a t e d and must be c o n s i d e r e d together i f a d e s i r e d r e s u l t i s to be 
produced. *—-

The findings of the G r e e n S e c t i o n - s p o n s o r e d r e s e a r c h a r e such that a 
suf f ic ient amount of in format ion i s now ava i lab le to w a r r a n t the publication 
of a suggested method of c o n s t r u c t i o n . The p r o c e d u r e s which a r e outlined 
h e r e m a y wel l be used as the b a s i s for s p e c i f i c a t i o n s which a c lub may p r e s e n t 
to the p r o s p e c t i v e golf c o u r s e builder„ 

Such s p e c i f i c a t i o n s wil l p lace no l i m i t a t i o n s upon the individuality nor 
the a r t i s t r y of any a r c h i t e c t . They will , however, provide a guide for the 
bui lder and for the club which wants to be a s s u r e d that the g r e e n s they build 
wil l continue to provide good playing condit ions for many y e a r s . 

W e s t e r n D i r e c t o r , USGA, Garden Grove, C a l i f o r n i a . 



The b a s i c c o n s i d e r a t i o n s underlying the s p e c i f i c a t i o n s and methods p r e -
sented a r e those of good dra inage and r e s i s t a n c e to c o m p a c t i o n . T h e s e ends 
cannot be achieved without some c o m p r o m i s e . A highly p e r m e a b l e so i l which 
dra ins r e a d i l y o f f e r s some p r o b l e m s in the e s t a b l i s h m e n t of tur f . It i s loose , 
and s o m e t i m e s may c r e a t e diff iculty in the changing of cups . T h e s e a r e minor 
p r o b l e m s , however, when weighed aga ins t the advantages of rapid drainage, 
good aerat ion , deep rooting, protec t ion aga ins t d i s e a s e s , pro tec t ion aga ins t 
overwater ing , protec t ion aga ins t sa l t p r o b l e m s , a putting s u r f a c e which holds 
a shot without being o v e r l y wet, and one which r e s i s t s pitting by golf b a l l s . 

The methods and s p e c i f i c a t i o n s outlined in the following pages r e p r e s e n t 
the b e s t thoughts of the G r e e n Sec t ion s taf f and of numerous so i l s c i e n t i s t s 
who have given s e r i o u s attention to the p r o b l e m . It i s hoped that they wil l r e -
sult in m o r e s a t i s f a c t o r y and l e s s t r o u b l e s o m e putting g r e e n s throughout the 
nation,, 

Subgrade 

The contours of the subgrade should c o n f o r m to those of the proposed 
f in ished grade, within a t o l e r a n c e of j h l " . The subgrade should be c o n s t r u c t e d 
at an e levat ion 14 i n c h e s below the proposed f in ished g r a d e . The subgrade 
should be c o m p a c t e d suf f ic ient ly to prevent future set t l ing which might c r e a t e 
water -ho ld ing d e p r e s s i o n s in the subgrade s u r f a c e and c o r r e s p o n d i n g d e p r e s -
s ions in the putting s u r f a c e . 

Where t e r r a i n p e r m i t s , i t i s poss ib le to build the subgrade into the 
exis t ing grade or to cut i t into the subso i l . It i s not n e c e s s a r y to e levate or 
"build upn the g r e e n u n l e s s design c o n s i d e r a t i o n s dic ta te the d e s i r a b i l i t y of 
doing so . 

It wil l be noted that c o u r s e s of m a t e r i a l s above the subgrade c o n s i s t of 
4 inches of gravel , l j to 2 inches of c o a r s e sand, and 12 i n c h e s of topsoi l . 
Thus the total depth wil l be 1 7 j to 18 i n c h e s . However, this f i l l m a t e r i a l wil l 
se t t l e apprec iab ly , and e x p e r i e n c e indica tes that 14 i n c h e s wil l be the approx i -
mate depth of these combined m a t e r i a l s a f t e r se t t l ing . 

Dra inage 

T i le l ines of at l e a s t 4 - i n c h d i a m e t e r should be so spaced that water wil l 
not have to t r a v e l m o r e than 100 fee t to r e a c h a t i le dra in . Any sui table pat-
t e r n or t i le l ine a r r a n g e m e n t may be used, but the h e r r i n g b o n e or the gr id i ron 
a r r a n g e m e n t s wil l f it m o s t s i tuat ions . 

Cut d i tches or t r e n c h e s into the subgrade so t i le s lopes u n i f o r m l y . Do 
not p lace t i le deeper than i s n e c e s s a r y to obtain the d e s i r e d amount of s lope . 
T i l e l ines should have a m i n i m u m fal l of . 5 per cent . S t e e p e r g r a d e s can be 
used but t h e r e wil l s e l d o m be a need for t i le l ine g r a d e s s t e e p e r than 3 per 
cent to 4 per cent on a putting g r e e n . 

T i l e may be a g r i c u l t u r a l c l a y t i le , c o n c r e t e , p las t i c , or p e r f o r a t e d a s -
phal t -paper compos i t ion . A g r i c u l t u r a l t i le jo in t s should be butted together 
with no m o r e than 4 " of space between j o i n t s . The tops of t i le should be c o v -
e r e d with asphal t paper, f i b r e g l a s s composi t ion , or with p las t i c s p a c e r s and 
c o v e r s designed for this purpose e The cover ing prevents g r a v e l f r o m fal l ing 
into the t i l e . 



T i l e should be la id on a f i r m bed of j n to 1" of g r a v e l to reduce p o s s i b l e 
wash of subgrade soi l up into t i le l ine by f a s t water flow. If the subgrade con-
s i s t s of undisturbed soil , so that washing is unlikely, i t i s p e r m i s s i b l e to lay 
t i le d i r e c t l y on the bottom of the t r e n c h . 

After the t i le i s laid, the t r e n c h e s should be b a c k f i l l e d with gravel , being 
c a r e f u l not to d i sp lace the cover ing over the j o i n t s . 

G r a v e l and Sand B a s e 

The ent i re subgrade should be c o v e r e d with a c o u r s e of c l e a n washed 
g r a v e l or c r u s h e d stone placed to a m i n i m u m t h i c k n e s s of 4 i n c h e s . 

The p r e f e r r e d m a t e r i a l for this purpose i s washed pea g r a v e l of about 
4 n d i a m e t e r p a r t i c l e s i z e . L a r g e r g r a v e l or stone m a y be used, but it i s i m -
portant that changes in s ize between this c o u r s e of m a t e r i a l and the succeeding 
one over lying i t not be too g r e a t . Otherwise , s m a l l e r p a r t i c l e s f r o m o v e r -
lying m a t e r i a l wil l wash into the gravel , c log the p o r e s or dra inageways , and 
thereby reduce the e f f e c t i v e n e s s of the g r a v e l . 

The m a x i m u m al lowable d i s c r e p a n c y a p p e a r s to be 5 to 7 d i a m e t e r s . In 
other words, i f 4 " pea g r a v e l (about 6 m m . ) i s used, then the p a r t i c l e s of the 
over lying c o u r s e of sand should not be l e s s than 1 m m . in d i a m e t e r . If stone 
of 1 inch d i a m e t e r w e r e used, it would be n e c e s s a r y to include a c o u r s e of pea 
g r a v e l to prevent the m o v e m e n t of s m a l l e r so i l a g g r e g a t e s into the s tone. 

When the g r a v e l i s in place , a s s u m i n g that pea g r a v e l has been used, a 
12"" l a y e r of c o u r s e washed sand ( c o m m e r c i a l c o n c r e t e sand is s a t i s f a c t o r y ) 
should be placed to a un i form t h i c k n e s s over the g r a v e l . 

The t o l e r a n c e for e r r o r in the t h i c k n e s s of g r a v e l and sand c o u r s e s 
should be l i m i t e d to + . 5 inch. 

A prof i le of a p r o p e r l y c o n s t r u c t e d putting g r e e n i s i l l u s t r a t e d in F i g u r e 
1. 

" R i n g i n g " the G r e e n 

When the c o u r s e s of g r a v e l and sand a r e in p lace and outlets have been 
e s t a b l i s h e d for s u b s u r f a c e water (through t i le l ines) , the g r e e n should be 
" r i n g e d " with the so i l which i s to be used for aprons and c o l l a r s . This so i l 
should be placed around the g r e e n and any contours e s t a b l i s h e d in such a way 
that they wil l blend into the putting s u r f a c e . 

The next s tep i s to f i l l the d e p r e s s i o n , which r e p r e s e n t s the putting s u r -
face , with the p r e p a r e d topsoi l m i x t u r e d e s c r i b e d in the following p a r a g r a p h s . 

Soi l Mixture 

A cover ing of topsoi l m i x t u r e at l e a s t 12 i n c h e s in t h i c k n e s s should be 
placed over the sand and g r a v e l l a y e r s . 

The so i l m i x t u r e should m e e t c e r t a i n phys ica l r e q u i r e m e n t s . 



P e r m e a b i l i t y . After compact ion at a m o i s t u r e content a p p r o x i m a t e l y 
f ie ld c a p a c i t y as d e s c r i b e d by F e r g u s o n , Howard, and Bloodworth (8), a c o r e 
of the so i l m i x t u r e should p e r m i t the p a s s a g e of not l e s s than 2 inch of water 
per hour nor m o r e than I2 inches per hour when s u b j e c t e d to a hydraul ic head 
of . 25 i n c h e s . 

P o r o s i t y . Af ter compact ion, a s a m p l e of the so i l m i x t u r e should have 
a m i n i m u m total pore space of 33 per cent . Of this pore space , the l a r g e (non-
c a p i l l a r y ) pores should c o m p r i s e f r o m 12 to 18 per cent and c a p i l l a r y pore 
space f r o m 15 to 21 per cent . 

Informat ion with r e s p e c t to bulk density, m o i s t u r e re tent ion capaci ty , 
m e c h a n i c a l ana lys i s , and d e g r e e of aggregat ion in the hands of a so i l p h y s i c i s t 
may be helpful in fur ther evaluating the potential behavior of a putting g r e e n 
soilo 

Few natural so i l s m e e t the r e q u i r e m e n t s s ta ted above. It wil l be n e c e s -
s a r y to use m i x t u r e s of sand, soil , and organic m a t t e r . B e c a u s e of the dif-
f e r e n c e s in behavior induced by such f a c t o r s as sand p a r t i c l e s ize and grada-
tion, the m i n e r a l der ivat ion and d e g r e e of aggregat ion of the c l a y component, 
the d e g r e e of decomposi t ion of the organic m a t t e r , and the s i l t content of the 
soil , i t i s i m p o s s i b l e to make s a t i s f a c t o r y r e c o m m e n d a t i o n s for so i l m i x t u r e s 
without appropr ia te l a b o r a t o r y a n a l y s e s . 

The s u c c e s s of the method of c o n s t r u c t i o n h e r e i n d e s c r i b e d i s dependent 
upon the proper phys ica l c h a r a c t e r i s t i c s of the so i l and the r e l a t i o n s h i p of that 
so i l to the dra inagebed underlying the g r e e n . T h e r e f o r e a phys i ca l a n a l y s i s of 
soi l should be made b e f o r e the so i l components a r e p r o c u r e d . When the proper 
proport ions of the so i l components have been determined, i t b e c o m e s e x t r e m e l y 
i m p o r t a n t that they be mixed in the proport ions indicated . A s m a l l e r r o r in 
p e r c e n t a g e s in the c a s e of a p las t i c c l a y so i l can lead to s e r i o u s c o n s e q u e n c e s . 
To i n s u r e thorough mixing and the a c c u r a t e m e a s u r e m e n t of the so i l compon-
ents , " o f f - s i t e " mixing i s advocated. 

Any soi l phys ics l a b o r a t o r y which i s equipped with the f a c i l i t i e s to c a r r y 
out the m e a s u r e m e n t d e s c r i b e d by F e r g u s o n , et a l . (8) c a n p r e s c r i b e a s o i l 
m i x t u r e for putting g r e e n u s e . G r e e n Sec t ion o f f i c e s can provide n a m e s of 
l a b o r a t o r i e s so equipped upon r e q u e s t . 

Soi l Covering, P l a c e m e n t , Smoothing, and F i r m i n g 

When soi l has been thoroughly mixed o f f - s i t e i t should be t r a n s p o r t e d to 
the g r e e n s i te and dumped at the edge of the g r e e n . Padding the edge of the 
g r e e n with b o a r d s m a y be n e c e s s a r y to prevent d i s t u r b a n c e by wheeled v e h i c l e s 
of the so i l previous ly placed around the outside of the putting s u r f a c e . A s m a l l 
c r a w l e r - t y p e t r a c t o r suitably equipped with a blade i s use fu l for pushing the 
so i l m i x t u r e out onto the p r e p a r e d b a s e . If the t r a c t o r i s a lways opera ted with 
i t s weight on the so i l m i x t u r e that has been hauled onto the s i te , the b a s e wil l 
not be dis turbed. 

Grade s takes spaced at f requent i n t e r v a l s on the putting s u r f a c e wil l be 
helpful in indicating the depth of the so i l m i x t u r e . F in i sh ing the grade wil l 
l i k e l y r e q u i r e the use of a l e v e l or t r a n s i t . 



When the so i l has been s p r e a d u n i f o r m l y over the s u r f a c e of the putting 
g r e e n i t should be c o m p a c t e d or f i r m e d u n i f o r m l y . A r o l l e r usua l ly i s not 
s a t i s f a c t o r y b e c a u s e it " b r i d g e s " the soft spots . 

" F o o t i n g " or t rampl ing the s u r f a c e wil l tend to e l i m i n a t e the soft spots . 
Raking the s u r f a c e and repeat ing the footing operat ion wil l r e s u l t in having the 
s e e d or stolon bed u n i f o r m l y f i r m . It should be e m p h a s i z e d that the raking 
and footing should be r e p e a t e d until u n i f o r m f i r m n e s s i s obtained. 

Whenever poss ib le a f ter cons t ruc t ion , c o m p l e t e sa tura t ion of the so i l by 
ex tens ive i r r i g a t i o n i s suggested. Water i s useful in set t l ing and f i r m i n g the 
s u r f a c e . This p r a c t i c e wil l a l s o r e v e a l any water -ho ld ing d e p r e s s i o n s which 
might i n t e r f e r e with s u r f a c e dra inage . 

S t e r i l i z a t i o n of Soi l and E s t a b l i s h m e n t of T u r f 

T h e s e s teps may be a c c o m p l i s h e d by following wel l -known conventional 
p r o c e d u r e s . 

Conc lus ions 

The foregoing s teps in c o n s t r u c t i o n have been used s u c c e s s f u l l y in many 
g r e e n s in v a r i o u s par t s of the nation. It should be e m p h a s i z e d that each step 
in c o n s t r u c t i o n i s dependent upon a l l the o t h e r s . It i s inadvisab le to u s e a 
b lanket of g r a v e l u n l e s s the proper soi l m i x t u r e i s used above. It i s inadvis -
able to use the g r a v e l and the proper so i l m i x t u r e u n l e s s the i n t e r m e d i a t e l a y e r 
of sand i s used to s e p a r a t e them. The c o u r s e s of g r a v e l and sand may r e s u l t 
in sa tura t ion of the lower port ions of the topsoi l m i x t u r e u n l e s s the proper 
so i l m i x t u r e is used. 

In short , do not a t tempt to i n c o r p o r a t e s o m e of t h e s e s teps into g r e e n 
c o n s t r u c t i o n u n l e s s they a r e a l l used in e x a c t a c c o r d a n c e with t h e s e r e c o m -
mendat ions . 

The foregoing s p e c i f i c a t i o n s te l l the club how to p r o c e e d with the j o b of 
building a putting g r e e n but they do not t e l l why one should follow these pro-
c e d u r e s . T h e r e i s ample evidence in the body of published l i t e r a t u r e to sup-
port the methods h e r e i n advocated. F o r those who a r e i n t e r e s t e d in a study of 
the p r i n c i p l e s which a r e involved and which a r e used as a b a s i s for the r e c o m -
mendat ions se t fort , a l i s t of r e f e r e n c e s i s appended. 
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F i g u r e 1. C r o s s - s e c t i o n of a putting g r e e n prof i le 
showing a t r e n c h and t i le l ine . 

(A) 4 - i n c h d i a m e t e r t i le ; ( B ) subgrade of native so i l or f i l l m a t e r i a l ; (C) g r a v e l 
- p r e f e r a b l y pea g r a v e l of a p p r o x i m a t e l y 1/4" d i a m e t e r . Minimum t h i c k n e s s 
4 i n c h e s ; (D) c o a r s e sand - this sand should be of a s i z e of 1 m m . or g r e a t e r . 
One and o n e - h a l f to 2 inches in t h i c k n e s s ; ( E ) topsoi l mix ture , m i n i m u m t h i c k -
n e s s of 12 i n c h e s . 





SOILS F O R H E A V I L Y T R A F F I C K E D T U R F A R E A S 

1 Roy G o s s 

When we use the t e r m soi l , we a r e being j u s t about as g e n e r a l as we a r e 
when we say people, for t h e r e a r e perhaps m o r e v a r i a t i o n s in s o i l s than t h e r e 
a r e in people. One impor tant d i f f e r e n c e ex is t ing between t h e s e c o m p a r i s o n s 
i s that we can e a s i l y change our so i l s , w h e r e a s the p e o p l e - - w e l l , that i s a 
d i f fe rent m a t t e r . The so i l with which we have to work in s p e c i a l i z e d tur f i s 
perhaps the m o s t impor tant s ingle cons idera t ion , but yet i s probably explored 
as l i t t le as any other f a c t o r . Why is i t that we tend to d i s r e g a r d this i m p o r -
tance in c o n s t r u c t i o n p r o g r a m s when it i s a c e r t a i n t y that this m o s t impor tant 
phase can d e t e r m i n e the s u c c e s s or fa i lure of the o p e r a t i o n ? 

Many c o m m u n i t i e s vote for i n c r e a s e d t a x e s to build a lovely, durable 
school with e x c e l l e n t ut i l izat ion of f a c i l i t i e s . However, no c o n s i d e r a t i o n i s 
given to the ground where phys ica l education and s p o r t s a r e j u s t as i m p o r t a n t 
to healthy bodies as c h e m i s t r y , m a t h e m a t i c s , and E n g l i s h a r e to healthy minds . 
Golf c o u r s e s wil l pay e x t r e m e l y high p r i c e s for land on which to c o n s t r u c t a 
golf c o u r s e , and then adorn this land with beaut i ful club houses , swimming 
pools, and other i t e m s for m e m b e r luxury, but turn l i t t le thought or at tent ion 
to the c o n s t r u c t i o n of the b a s i c commodity , the golf c o u r s e . If i t w e r e not for 
the building of the golf c o u r s e , then the beauti ful c lub house and a l l other f a c i l i -
t i e s probably would not have been buil t in the f i r s t place , b e c a u s e club p r i v i -
l e g e s can be gotten anywhere downtown. Golf c o u r s e super intendents , school 
m a i n t e n a n c e personnel , park super intendents , and o t h e r s a l l have the s a m e 
p r o b l e m s when it c o m e s down to the b a s i c commodity , s o i l . We a r e so prone 
to look at what is above the ground that we r a r e l y stop to analyze what i s 
beneath the s u r f a c e . 

In this paper, then, I sha l l t ry to br ing out a few of the impor tant points 
that should be c o n s i d e r e d by turf people, e s p e c i a l l y i f t h e s e a r e a s a r e to r e -
c e i v e c o n s i d e r a b l e t r a f f i c . 

I m p o r t a n c e of So i l s 

Water . A good soi l for t u r f g r a s s a r e a s that m u s t withstand heavy t r a f f i c 
i s one that wil l hold r e a s o n a b l y l a r g e amounts of water , but yet not e x c e s s i v e 
amounts . This so i l both in s t r u c t u r e and tex ture m u s t have such qual i t i es so 
as to allow rapid p e r c o l a t i o n and e s c a p e of applied water or e x c e s s i v e r a i n f a l l . 
T h i s so i l must dra in out as rapidly as p o s s i b l e in o r d e r to prevent puddling and 
c o m p a c t i o n due to t r a f f i c following the appl icat ion of water , e i ther by i r r i g a t i o n 
or r a i n f a l l . The portion of the so i l that i s c o n c e r n e d with water s t o r a g e i s 
c a l l e d "pore s p a c e . If The portion of the pore s p a c e that is c o n c e r n e d with water 
s t o r a g e i s c a l l e d " m i c r o p o r e s . M The g r e a t e r the so i l volume i s in m i c r o p o r e s , 
the g r e a t e r the water -ho ld ing c a p a c i t y of the so i l . Clay s o i l s have a v e r y high 
p e r c e n t a g e of the total pore space as m i c r o p o r e s . 

A s s i s t a n t A g r o n o m i s t and E x t e n s i o n T u r f S p e c i a l i s t , W e s t e r n Washing-
ton E x p e r i m e n t Station, Puyallup, Washington. 



A i r . Air or oxygen in the so i l i s j u s t as i m p o r t a n t to growing plants as 
the a i r that we b r e a t h e . So i l s without a i r a r e g e n e r a l l y those that a r e w a t e r -
logged or o therwise stagnant. Here we wil l find only l i m i t e d plant growth and 
then only s p e c i a l i z e d types of plants,, So i l s m u s t r e a d i l y a c c e p t a i r and have 
c o n s i d e r a b l e s t o r a g e for this important commodi ty . Water and a i r a r e in-
v e r s e l y proport ional to each o ther . That i s , as the water d e c r e a s e s , the 
amount of a i r in the so i l i n c r e a s e s , and l ikewise a l l of the a i r in the so i l can 
be c o m p l e t e l y r e p l a c e d by water i f e x c e s s i v e amounts a r e applied. The p o r -
tion of the total pore space c o n c e r n e d with a i r s t o r a g e i s c a l l e d the " m a c r o -
poreSo n T h e s e a i r spaces , or voids, a r e so l a r g e that water d r a i n s f r o m 
them r e a d i l y due to f o r c e s of gravi ty . Now, both the m i c r o p o r e s and m a c r o -
pores a r e dependent upon two f a c t o r s , that i s , the tex ture and s t r u c t u r e of 
t h e s e s o i l s . F o r example , a c l a y so i l which i s c o n s i d e r e d a h e a v y - t e x t u r e d 
so i l has a v e r y high p e r c e n t a g e of pore s p a c e . However, the g r e a t e r port ion 
of this i s m i c r o p o r e s and l i t t le of i t m a c r o p o r e s . Hence, the water -ho ld ing 
c a p a c i t y of c l a y so i l i s v e r y high, and it has l i t t l e abi l i ty to a e r a t e . The t e x -
ture of this so i l i s d e t e r m i n e d by i t s m e c h a n i c a l composi t ion , that is , the p e r -
centage of sand, si l t , c l a y and organic m a t t e r . The s t r u c t u r e of this soi l , 
which i s e x t r e m e l y impor tant for the m a c r o p o r e capac i ty , i s d e t e r m i n e d by 
the a r r a n g e m e n t of t h e s e p a r t i c l e s . If the h e a v i e r f r a c t i o n s of the so i l a r e 
wel l aggregated, then m a c r o p o r e space is highly i n c r e a s e d . However, i f these 
p a r t i c l e s a r e d isentegrated , that i s , puddled or packed, t h e r e i s a r e s u l t a n t 
l o s s of m a c r o p o r e s and an i n c r e a s e of m i c r o p o r e s , making the s o i l s then in-
c r e a s i n g l y w e t t e r . 

Compaction,, T e x t u r e and s t r u c t u r e have a l r e a d y been b r i e f l y touched 
upon; however, they should be ment ioned again here , b e c a u s e t h e s e a r e the 
two f a c t o r s af fect ing compact ion , assuming that t h e r e a r e c o m p a c t i o n f o r c e s 
at play. B a s i c l y , the f iner the so i l t ex ture , the m o r e c o m p a c t i o n one can ex-
pect i f m e c h a n i c a l f o r c e s a r e se t up. Clay s o i l s perhaps c o m p a c t b e t t e r or 
e a s i e r than any other so i l b e c a u s e , b r o k e n down to the i r individual p a r t i c l e s , 
they a r e the s m a l l e s t . Compact ion, in this s e n s e then, i s r e l a t e d to so i l t e x -
ture . Even in the fine r a n g e s of the sands, which c o m p a r e d to c l a y a r e v e r y 
c o a r s e , we can ach ieve quite a high s tate of c o m p a c t i o n . Due to the ac t ion of 
decaying organic m a t e r i a l and organic adhes ives the f iner so i l p a r t i c l e s , such 
as c lay, a r e bound together in what i s t e r m e d a g g r e g a t e s . W e l l - a g g r e g a t e d 
s o i l s have a high amount of pore space , and a l a r g e amount of this total pore 
space i s m a c r o p o r e space which wil l hold a c o n s i d e r a b l e amount of a i r . It 
perhaps should be pointed out h e r e that a good so i l wil l have at l e a s t 50 per 
cent pore space , and at l e a s t o n e - h a l f of this total pore space i s m a c r o p o r e 
space , which wil l not hold water aga ins t the f o r c e s of grav i ty . This , then, i s 
the pore space ava i lab le for a i r s t o r a g e . If s o i l s containing a g g r e g a t e s a r e 
worked, or packed, or o therwise puddled in a wet condition, t h e s e a g g r e g a t e s 
m o s t often b r e a k down. When t h e s e a g g r e g a t e s b r e a k down, they r e t u r n to 
the i r individual f o r m s , and this i s where s e a l e d and c o m p a c t e d s u r f a c e s o r i g i -
nate . Sandy s o i l s wil l not aggregate to any degree , e s p e c i a l l y in the c o a r s e r 
r a n g e s . This m e a n s that we can get c o n s i d e r a b l e c o m p a c t i o n with sand, but 
due to the v e r y l a r g e p a r t i c l e s ize the pore space found i s a l m o s t e n t i r e l y 
m a c r o p o r e space , that i s , that which wil l hold a i r and not w a t e r . 

Mechanica l F r a c t i o n s 

As s tated previous ly the p e r c e n t a g e of sand, si l t , c lay, and organic 
m a t t e r in a so i l a l l go together to make up what i s t e r m e d t e x t u r e . How then 
do we d e t e r m i n e the tex ture or the m e c h a n i c a l p e r c e n t a g e of these v a r i o u s 



s e p a r a t e s in a s o i l ? The m o s t p r a c t i c a l methods of de termining this a r e by 
s ieving and by analyzing any so i l sample that i s to be used in a c o n s t r u c t i o n 
p r o g r a m . Then t h e r e is no quest ion as to whether or not you a r e using the 
proper so i l for the j o b . P e r s o n s with good judgment and ample e x p e r i e n c e can 
quite often c o m e f a i r l y c l o s e to de termining the t ex ture of the so i l by feel ing 
i t . Th is method, however, i s only an e s t i m a t e of the s o i l f r a c t i o n in a sample 
and should not be r e l i e d upon when an expens ive c o n s t r u c t i o n p r o g r a m i s being 
ant ic ipated. A r e a s such as golf c o u r s e s and bowling g r e e n s should c o n s i d e r 
this p r o b l e m v e r y c a r e f u l l y b e f o r e launching on any c o n s t r u c t i o n p r o g r a m . 
Also c o n s t r u c t i o n p r o g r a m s involving playf ie lds and footbal l f ie lds should be 
c o n c e r n e d with using the proper so i l and taking the n e c e s s a r y precaut ions to do 
the j o b r ight in the beginning. 

Sand 

P e r c e n t a g e . The amount of sand in the total so i l m i x t u r e should make 
f r o m at l e a s t 70 per cent to 85 per cent of the tota l v o l u m e . As ment ioned p r e -
viously , the function of sand in this c a s e i s to s e r v e as the f r a m e w o r k in the 
s o i l m i x t u r e . Sand has l i t t l e or no nutr ient -holding c a p a c i t y . However, i t s 
pore s p a c e s a r e c o m p o s e d a l m o s t e n t i r e l y of m a c r o p o r e s which wil l allow 
l a r g e amounts of a i r in the so i l . 

The r o l e of sand. F r a m e w o r k and l a r g e m a c r o p o r e s or a i r s p a c e s a r e 
the ch ie f functions of sand. This of c o u r s e wil l prevent c o m p a c t i o n to any 
g r e a t d e g r e e . 

P r o p e r t i e s . The p r o p e r t i e s of sand for c o n s t r u c t i o n should c o n f o r m 
a p p r o x i m a t e l y to some of the following s t a n d a r d s . V e r y l i t t le of the sand used 
should be l a r g e r in s ize than 0 . 4 m m . and l i k e w i s e l i t t l e should be l e s s than 
0. 2 m m . T h e r e f o r e about 75 per cent of the sand should fa l l between the s i z e s 
of 0. 4 m m . and 0. 2 m m . No m o r e than 10 per cent of the sand should be l e s s 
than 0. 10 m m . Any p a r t i c l e s ize s m a l l e r than 0. 10 m m . should def ini te ly be 
avoided. In o r d e r to c o n v e r t m i l l i m e t e r s to m e s h e s per inch, which i s a c o m -
mon designat ion for purchas ing f r o m sand and g r a v e l yards , we can say that 
the p a r t i c l e s ize should fa l l between 60 m e s h and 175 m e s h , about 75 per cent 
should fa l l between 60 and 80 mesh , and 25 per c e n t between 125 and 175 m e s h . 
Th is wil l s e e m r a t h e r c o a r s e , and c o m p a r e d to s i l t and c l a y it i s . However, 
we a r e a f t e r m a c r o p o r e s and r e s i s t a n c e to c o m p a c t i o n . 

S i l t 

P e r c e n t a g e . T h e o r e t i c a l l y i f we could avoid any p e r c e n t a g e of s i l t in a 
s o i l m i x t u r e for s o i l s being s u b j e c t e d to heavy t r a f f i c we would be b e t t e r off. 
So i l s with s i l t p e r c e n t a g e s ranging higher than 3 0 per cent should be avoided in 
any c o n s t r u c t i o n p r o g r a m . 

P r o p e r t i e s . S ince the c o a r s e r s i l t p a r t i c l e s a r e so s i m i l a r in fine sands 
in r e g a r d to the amount of s u r f a c e exposed they have l i t t le par t in the c h e m i c a l 
ac t iv i ty . The f iner s i l t s have suf f i c ient s u r f a c e s exposed so that they do have 
s o m e c h e m i c a l ac t iv i ty . However, this amount i s even negl ig ib le and cannot 
be looked upon as an impor tant part of the c h e m i c a l ac t iv i ty of the so i l . S i l t 
p a r t i c l e s as such have undergone l i t t le weather ing and e x i s t in a r e l a t i v e l y raw 
s ta te s i m i l a r to the parent m a t e r i a l . 



Clay 

P e r c e n t a g e . The p e r c e n t a g e of c l a y in this ideal so i l m i x t u r e that we 
a r e r e f e r r i n g to i s f r o m 6 to 15 per cent . Amounts l e s s than 6 per cent wil l 
not furnish enough c h e m i c a l ac t iv i ty in the soi l , and when we run into amounts 
over 15 per cent we a r e running the r i s k of causing compact ion , d e c r e a s i n g 
our mac .ropores , and slowing down water p e r m e a t i o n . We usual ly do not in-
c o r p o r a t e c l a y in a so i l m i x t u r e as the pure c l a y m i n e r a l , but i t m o r e often 
e x i s t s in the f o r m of c l a y - l o a m or sandy c l a y - l o a m . E i t h e r of these two s o i l s 
named above conta ins v e r y high port ions of c l a y in them 0 

R o l e . The r o l e of c l a y i s to furn ish or br ing about c h e m i c a l ac t iv i ty in 
the so i l . T h e s e c l a y p a r t i c l e s s e r v e as a s t o r e h o u s e for our m i n e r a l e l e m e n t s 
upon which the plant i s dependent. Clay along with other o r g a n i c - c e m e n t i n g 
agents i s a p r i m a r y s o u r c e of so i l a g g r e g a t e s . Clay usual ly does not e x i s t as 
s ingle p a r t i c l e s in the soil , but i s m o s t often aggregated and wil l allow r e l a -
t ively f r e e m o v e m e n t of both water and plant r o o t s through the so i l . By the 
a c t of becoming aggregated, c l a y p a r t i c l e s tend to i n c r e a s e the m a c r o p o r e 
space allowing b e t t e r a e r a t i o n when this phenomenon o c c u r s . 

P r o p e r t i e s . As s tated previously , c l a y i s the c h e m i c a l l y ac t ive port ion 
of the soil0 Clay co l lo ids (very s m a l l p a r t i c l e s i z e s ) a r e made up of v a r i o u s 
m i n e r a l s including s i l icon, a luminum and water , with other quant i t ies of i ron, 
c a l c i u m , magnes ium, potass ium, and sodium. T h e s e c l a y m i n e r a l s a r e built 
up of l a y e r s or plates of s i l i c o n and a luminum. The c l a y m i n e r a l s a r e nega-
t ive ly c h a r g e d p a r t i c l e s and a t t r a c t such pos i t ive ly c h a r g e d ions as potass ium, 
sodium, c a l c i u m , magnes ium, and so for th . T h e s e pos i t ive ly c h a r g e d ions 
a r e held c l o s e l y to the s u r f a c e of the c l a y m i n e r a l and a r e usua l ly obtained by 
the plant in a c o m p l e x exchange r e a c t i o n . 

Organic Matter 

P e r c e n t a g e . The p e r c e n t a g e of o r g a n i c m a t t e r for our idea l so i l should 
be between 8 and 20 per cent . In no i n s t a n c e should this amount of organic 
m a t e r i a l be l e s s than 8, and perhaps on our sandier s o i l s we m a y have need 
for amounts g r e a t e r than 20 per cent to f a c i l i t a t e the s tor ing of a l a r g e r v o l -
ume of nutr ients , 

R o l e , Organic m a t t e r functions in much the s a m e way as c lay c It tends 
to bind or aggregate s m a l l e r p a r t i c l e s into granules which wil l al low b e t t e r 
water , a i r , and food penetrat ion into the so i l . It tends to o v e r c o m e the pud-
dling and packing e f fec t . When the organic m a t t e r e x i s t s in a r e l a t i v e l y raw 
or undecomposed s tate such as f ibrous peat m o s s , i t f u r n i s h e s an e x t r e m e l y 
high amount of pore space due to the l a r g e amount of space it occupies in r e -
lat ion to i t s densi ty . The organic m a t t e r wil l a l s o hold l a r g e amounts of water , 
and this i s v i ta l ly impor tant in e x t r e m e l y sandy s o i l s . 

P r o p e r t i e s . Organic m a t t e r i s any f o r m of vegeta t ion or a n i m a l m a t e r i -
a l which has not c o m p l e t e l y undergone decay. We n o r m a l l y c o n s i d e r o r g a n i c 
m a t t e r for so i l appl icat ions as being undecomposed vegeta t ive m a t t e r . Some 
of the m o r e c o m m o n types of organic m a t t e r a r e peat m o s s , g e n e r a l l y of the 
sphagnum group, sawdust, s t r a w s , e tc . When organic m a t t e r i s c o m p l e t e l y 
d e c o m p o s e d to i t s f inal products , i t i s then c a l l e d humus. Organic m a t t e r 
s e r v e s as one of our m a j o r s t o r e h o u s e s of nutr ients and water , and this o r -
ganic m a t t e r i s e x t r e m e l y important , p a r t i c u l a r l y for holding ni t rogen. 



Organic m a t t e r on a dry weight b a s i s has a water -ho ld ing c a p a c i t y of s e v e r a l 
hundred per cent . Another important proper ty of organic m a t t e r i s that i t 
i m p r o v e s the so i l by the growth of m i c r o o r g a n i s m s . T h e s e m i c r o o r g a n i s m s 
a r e the agents whereby the plant food e l e m e n t s of the so i l a r e kept in c i r c u l a -
tion and s e r v e as a s o u r c e of food and e n e r g y for the m a j o r i t y of these organ-
i s m s . 

If we wil l o b s e r v e the r u l e s as s e t down above in our idea l so i l c o n s t r u c -
tion for heavi ly t r a f f i c k e d tur f a r e a s , I f ee l c e r t a i n that we wil l not go wrong 
with this type of management in our c o n s t r u c t i o n p r o g r a m s . I b e l i e v e i t has 
been amply pointed out that the so i l i s our m o s t i m p o r t a n t commodi ty in con-
s t ruc t ion and tur f management , and that where s u m s of money which a r e r e -
qui red in the amounts to c o n s t r u c t bowling g r e e n s and putting g r e e n s a r e being 
cons idered , we should not g u e s s at the p e r c e n t a g e s of m a t e r i a l s in these s o i l s 
but should have them def ini te ly analyzed and approach this in a b u s i n e s s l i k e 
m a n n e r . 

J u s t r e m e m b e r that good planning, cons t ruc t ion , and m a n a g e m e n t 
d o e s n ' t c o s t anything. It P a y s ! ! 





IRRIGATION P U M P S 

John F . S c h r u n k * 

It i s i n d e e d a p l e a s u r e to a d d r e s s you on the s u b j e c t a s s i g n e d by y o u r 
c h a i r m a n , b e c a u s e we b e l i e v e i t c a n be s t a t e d w i th in the b o u n d s of m o d e s t y t h a t 
the p u m p i s the h e a r t of the s p r i n k l i n g s y s t e m . It f o l l ows , t h e r e f o r e , t ha t we 
m u s t g ive the m o s t c a r e f u l thought to the s e l e c t i o n a n d c o r r e c t a p p l i c a t i o n of 
the p u m p . We sha l l , t h e r e f o r e , e n d e a v o r to point up t h o s e f a c t o r s to be c o n -
s i d e r e d by a l l who have any th ing to do wi th the p u m p ' s s e l e c t i o n and a p p l i c a t i o n . 

C e n t r i f u g a l P u m p s 

B e c a u s e of i t s s i m p l e d e s i g n , r u g g e d n e s s , t he e a s e wi th w h i c h a d j u s t m e n t s 
and r e p a i r s c a n be m a d e , and i t s r e a s o n a b l e cos t , the c e n t r i f u g a l p u m p i s m o s t 
c o m m o n l y u s e d in i r r i g a t i o n i n s t a l l a t i o n s . 

A d v a n t a g e s of C e n t r i f u g a l P u m p s 

1. High e f f i c i e n c y o b t a i n a b l e . 

2. High d i s c h a r g e r a t e p o s s i b l e . 

3. S i m p l i c i t y and e c o n o m y . 

4. E a s e of i n s t a l l a t i o n . 

5. Adap t ab i l i t y to d i f f e r e n t s p e e d s - o p e r a t i n g s p e e d s w h i c h a l low d i r e c t -
c o n n e c t i o n to e l e c t r i c m o t o r s . 

6. No e x c e s s i v e p r e s s u r e wi th v a l v e c l o s e d . 

7. A l m o s t a l l end t h r u s t c a n be e l i m i n a t e d . 

8. N o n o v e r l o a d i n g wi th i n c r e a s e d h e a d s . 

9. S m o o t h f low t h r o u g h p u m p and u n i f o r m p r e s s u r e in d i s c h a r g e p ipe . 

L i m i t a t i o n s of C e n t r i f u g a l P u m p s 

1. A v a i l a b l e h e a d p e r s t a g e i s l i m i t e d . 

2. Suc t ion l i f t i s l i m i t e d . 

3. S u s c e p t i b l e to l o s i n g p r i m e . 

4. May be s o m e d a n g e r of o v e r l o a d i n g if head i s d e c r e a s e d . 

5. U s u a l l y r e q u i r e s m o r e s p a c e than a t u r b i n e . 

6. E f f i c i e n c y wi l l d r o p if o p e r a t i n g c o n d i t i o n s d i f f e r g r e a t l y f r o m those 
f o r wh ich p u m p w a s s e l e c t e d . 

^ C o r n e l l M a n u f a c t u r i n g C o m p a n y . 



70 Wearing r ings m u s t be r e p l a c e d when worn. 

8. Water s e a l i s r e q u i r e d on s o m e b e a r i n g s to hold suct ion. 

How they Work 

The b a s i c pr inc iple of c e n t r i f u g a l pumps may be d e m o n s t r a t e d by a r o -
tating wheel or a whirl ing bucket . If a bucket par t ly f i l led with water is whir led 
rapidly enough, cent r i fuga l f o r c e wil l hold the water aga ins t the bot tom and not 
a drop will be spi l led. 

If a pipe w e r e i n s e r t e d in the bot tom of the bucket and your a r m w e r e a 
pipe supplying water to the pail, a continuous s t r e a m of water would be pushed 
out of the pipe in the bottom* 

If a cas ing w e r e a r r a n g e d to c o l l e c t and guide the water a f t e r it s q u i r t s 
f r o m the hole in the bot tom of the pail, a s imple c e n t r i f u g a l pump would be the 
r e s u l t with your a r m as the suct ion pipe, the pail as i m p e l l e r , and the c a s i n g 
as volute . 

The P a r t s of a Pump and How They Work 

The function of the i m p e l l e r is to t r a n s m i t energy or v e l o c i t y head to the 
water , and the function of the volute cas ing which surrounds the i m p e l l e r is to 
t r a n s f o r m this v e l o c i t y head into p r e s s u r e headQ The volute i s s p i r a l shaped, 
i n c r e a s i n g in s ize and c l e a r a n c e f r o m the tip of the i m p e l l e r in the d i r e c t i o n of 
rotat ion of the i m p e l l e r . This s p i r a l shape is to a c c o m m o d a t e a g r e a t e r quan-
tity of flow as the water n e a r s the pump d i s c h a r g e and to reduce gradual ly and 
smoothly i t s v e l o c i t y as it e n t e r s the d i s c h a r g e l ine . 

Unlike p o s i t i v e - a c t i n g types of pumps, c e n t r i f u g a l pumps have r e l a t i v e l y 
few wear ing p a r t s . B e a r i n g s a r e usual ly bronze or babbi t and may be l u b r i -
ca ted by oil, g r e a s e , or w a t e r . It i s i m p o r t a n t that the m a n u f a c t u r e r s ' s p e c i -
f i ca t ions for l u b r i c a n t s be followed c l o s e l y . 

The cent r i fuga l volute pump may be obtained in s i z e s vary ing f r o m 25 
gal lons per minute to a l m o s t any s ize d e s i r e d , It may be e i ther d i r e c t con-
nected or belted* T h e r e a r e two main types of h o r i z o n t a l - c e n t r i f u g a l p u m p s - -
the side or s ingle suction, and the double suct ion. T h r e e d i f ferent types of 
i m p e l l e r s a r e c o m m o n l y used* They a r e open, s e m i - e n c l o s e d , and e n c l o s e d . 
Ordinar i ly the e n c l o s e d i m p e l l e r wil l show the highest e f f i c i e n c y b e c a u s e of 
l e s s e r c l e a r a n c e between par t s separat ing the p r e s s u r e and suct ion c h a m b e r s . 
E f f i c i e n c y drops when this c l e a r a n c e i n c r e a s e s , allowing water to s l ip by. 
Many pumps a r e equipped with wear ing r ings which may be r e p l a c e d when the 
c l e a r a n c e b e c o m e s e x c e s s i v e . 

With water enter ing on both s ides of the i m p e l l e r , the double - suc t ion 
pump i s t h e o r e t i c a l l y in hydraul ic balanceQ Actual ly s o m e end thrus t may r e -
sult f r o m l a c k of s y m m e t r y of i m p e l l e r , unbalanced flow of water in suct ion 
l ine, unequal wear of wear ing r ings , or b lockage on one side of the i m p e l l e r . 
With the s i n g l e - s u c t i o n pump, p r e s s u r e builds up behind the i m p e l l e r hub and 
c a u s e s a thrust toward the suct ion sideQ M a n u f a c t u r e r s use v a r i o u s a p p r o a c h e s 
to o v e r c o m e this, such as an e x t e r n a l b a l a n c e r or with holes through the i m -
pe l le r near the hub of s i n g l e - s u c t i o n i m p e l l e r s . 



E a c h cent r i fuga l pump manufac tured is des igned for one p a r t i c u l a r o p e r -
ating c o n d i t i o n - - o n e combinat ion of head, capac i ty , and speed that g ives high-
e s t e f f i c i e n c y . However the s a m e design can be used to c o v e r a range of con-
ditions with some reduct ion in e f f i c i e n c y by making one of the two following 
c h a n g e s : 

1. The r p m at which the pump o p e r a t e s m a y be changed. 

2. The d i a m e t e r of the i m p e l l e r may be reduced . 

Affinity Laws 

F r o m the equation of continuity, V=Q/A, any change in v e l o c i t y of water 
through the pump wil l c a u s e a proport ionate change in the quantity of water 
d i s c h a r g e d . S i m i l a r l y , as the speed of the i m p e l l e r changes , the r e l a t i v e 
v e l o c i t y of the water changes in d i r e c t proport ion . T h e r e f o r e , d i s c h a r g e must 
v a r y d i r e c t l y with speed. Also s ince H=V2/2g, the head v a r i e s as the square 
of the speed. S ince power i s proport ional to the product of the d i s c h a r g e and 
head, power must v a r y as the cube of the speed. 

Q V n 

H V 2 * * n 2 

bhp ^ QH n3 

S i m i l a r a n a l y s i s shows that the d i s c h a r g e wil l v a r y d i r e c t l y as the d i a m e t e r 
and width of i m p e l l e r . 

Of c o u r s e , these r e l a t i o n s h i p s a r e e x a c t only when the e f f i c i e n c y i s con-
stant, and t h e r e a r e c e r t a i n hydraul ic and m e c h a n i c a l l i m i t a t i o n s beyond which 
the r e l a t i o n s h i p s b r e a k down. They a r e m o r e n e a r l y t rue for s m a l l i n c r e m e n t s 
r a t h e r than for l a r g e i n c r e m e n t s . 

Method of Changing Pumps to F i t New Conditions 

If condit ions change a f ter a pump has been in operat ion, or the condit ions 
w e r e not c o r r e c t l y d e t e r m i n e d in the f i r s t place , i t may be d e s i r a b l e to m a k e 
c e r t a i n c h a n g e s . A p u m p - p e r f o r m a n c e curve should always be demanded with 
the pump. This may prove m o s t useful i f there is e v e r any t rouble with the 
pump. 

If c a p a c i t y of wel l or other water supply i s l e s s than c a p a c i t y of the 
pump, the capac i ty may be d e c r e a s e d by: 

1. Thrott l ing 

2. Reducing speed 

3. Turning down i m p e l l e r 

Changing the speed is m o s t s a t i s f a c t o r y on e n g i n e - d r i v e n plants . If the 
s o u r c e is a well, b e f o r e attempting any changes the ac tua l c a p a c i t y of the wel l 
when operat ing aga ins t the d e s i r e d head should be d e t e r m i n e d . This can be 



done by par t ia l ly c los ing the d i s c h a r g e valve until the drawdown i s reduced to 
a constant , safe va lue . Af ter the drawdown has r e m a i n e d constant during s e v -
e r a l hours of pumping, the d i s c h a r g e should be m e a s u r e d by f lume or other 
m e a n s . 

E x a m p l e of E f f e c t of Change of Speed 

A cent r i fuga l pump operat ing at 1450 r p m r e q u i r e s 60 bhp to d i s c h a r g e 
800 gpm aga ins t 200 ft . head. Find capac i ty , head, and power r e q u i r e d at 
1750 r p m at s a m e e f f i c i e n c y . 

Solution: S ince d i s c h a r g e wil l v a r y d i r e c t l y with change in speed 

gpm = 1750 X 800 R 
1450" = 965 gpm 

Head v a r i e s as the square of the speed 

2 
H = X 200 = 292 ft . 

bhp v a r i e s as the cube of speed 

3 
bhp = j-J^fg} X 60 = 105 

If the i m p e l l e r in the preceding example w e r e one inch wide, the c a p a c i t y 
could be a p p r o x i m a t e l y doubled if a 2 " width w e r e subst i tuted. L i k e w i s e , i f the 
i m p e l l e r d i a m e t e r is 10 " and reduced to 9 " , the c a p a c i t y would be reduced 
a p p r o x i m a t e l y by the r a t i o 10/9. 

Speed m a y be i n c r e a s e d or d e c r e a s e d by changing the pulley d i a m e t e r or 
the speed of the d r i v e r , but in the s a m e pump the d i a m e t e r of the i m p e l l e r can 
only be d e c r e a s e d . The i m p e l l e r can be put in a lathe and turned down to any 
d i a m e t e r d e s i r e d . E f f i c i e n c y drops with l a r g e i m p e l l e r cuts , b e c a u s e the 
guidance of the water in the i m p e l l e r is i m p a i r e d and the f a v o r a b l e v e l o c i t y 
r a t i o s a r e a l t e r e d . I m p e l l e r cuts r e s u l t in d e c r e a s e d c a p a c i t y and head of the 
pump, 

Util izing the r e l a t i o n s h i p between the head, speed, d i s c h a r g e , and power 
of c e n t r i f u g a l pumps, i t i s p o s s i b l e to d e t e r m i n e the c o r r e c t speed for the new 
condit ions . F o r example , 

A pump o p e r a t e s at 1750 r p m and d e l i v e r s 500 gpm a g a i n s t a total head 
of 200 fee t . S ince gpm v a r i e s d i r e c t l y as speed and head v a r i e s as the s q u a r e 
of speed, i f the pump w e r e slowed down to 1150 r p m the, 

500 gpm 1750 , v 1150 x 500 „ „ 
X = U 5 0 " a n d X = P750 = 3 3 0 g p m 

200 ft . _ ( 1 7 5 0 ) 2 _ 200 ( 1 1 5 0 ) 2 _ , 
X " (1150) " ( 1750 ) " ' 

E x a m p l e of E f f e c t of Change in I m p e l l e r D i a m e t e r 

D i r e c t - c o n n e c t e d , m o t o r - d r i v e n units can b e s t be made to f i t new condi-
t ions by changing the d i a m e t e r of the i m p e l l e r , b e c a u s e the speed is f ixed. As 



in the above example , i f the unit w e r e d i r e c t - c o n n e c t e d with a 12" runner and 
d e l i v e r s 500 gpm agains t 200 ft . head and it i s d e s i r e d to r e d u c e the operat ing 
head to 175 ft. , then s ince gpm v a r i e s d i r e c t l y as runner d i a m e t e r and head 
v a r i e s as the square of the runner d i a m e t e r , 

1 7 5 ft . _ X ? 0 x V ( 1 2 ) 2 x 175 
200 ft. " (12)2 / 200 ~ -

1 1 . 2 " X gpm v 500 x 1 1 . 2 i A M — = rnr? — X = =-= = 465 gpm 12M 500 gpm 12 

If the p e r f o r m a n c e curve of the pump shows h e a d - c a p a c i t y c u r v e s for 
d i f ferent i m p e l l e r d i a m e t e r s , the d i a m e t e r for any d e s i r e d gpm and head may 
be d e t e r m i n e d by in terpola t ion . 

Changes in speed or i m p e l l e r d i a m e t e r wil l a l s o change e f f i c i e n c y and 
h o r s e p o w e r so that the r e l a t i o n s h i p s between head, speed, power, d i s c h a r g e , 
e t c . , a r e only approximat ions but give good r e s u l t s i f the changes r e q u i r e d 
a r e s m a l l . 

Consider ing the above as suf f ic ient to acquaint us somewhat with the p e r -
sonal i ty of the pump - - l e t ' s now c o n s i d e r i t s appl icat ion. 

The c h a r t p r e s e n t e d h e r e t e l l s the s t o r y much b e t t e r than words . 

The h e a d - c a p a c i t y curve shows the behavior of the pump under d i f ferent 
heads or p r e s s u r e s and c a p a c i t i e s . The i n t e r s e c t i o n of this l ine with z e r o de-
l i v e r y l ine shows the head when the d i s c h a r g e va lve i s c l o s e d . 

A c o m m o n m i s c o n c e p t i o n about i r r i g a t i o n pumps i s that they supply de-
signed head or p r e s s u r e at a l l t i m e s . This i s not t r u e . The pump handles 
only what it m e e t s in the s y s t e m , and i t s p e r f o r m a n c e is quite e l a s t i c . To the 
man who wants to do a job in pump s e l e c t i o n to which he can point with pride, 
a s y s t e m curve is a must . This curve c o n s i s t s of plotting the v a r i o u s r e s i s -
t a n c e s that the pump must o v e r c o m e . T h e s e r e s i s t a n c e s a r e never the s a m e 
for any two appl ica t ions . They c o n s i s t of the pipeline r e s i s t a n c e , s ta t i c l i f ts , 
p r e s s u r e head, and v a r i a t i o n s in the water s o u r c e e l e v a t i o n s . The operat ing 
condit ions of the pump can b e s t be d e t e r m i n e d g r a p h i c a l l y by plotting the pump-
h e a d - c a p a c i t y curve and the s y s t e m c u r v e on one shee t . (See graph. ) 

It i s the rule r a t h e r than the except ion that an i r r i g a t i o n s y s t e m has a l -
m o s t an infinite number of c a p a c i t y - h e a d r e q u i r e m e n t points . The m i n i m u m 
and m a x i m u m condit ions a r e plotted, and a m o s t r e v e a l i n g s t o r y unfolds to the 
pump e n g i n e e r . F o r i n s t a n c e : 

The operat ing point i s obtained by the i n t e r s e c t i o n of the two c u r v e s , i . e . , 
the pump's head c a p a c i t y and the s y s t e m ' s c u r v e . F o r s y s t e m s requir ing only 
one pump and one pipe of constant d i a m e t e r , the p r o c e d u r e s a r e quite s imple 
and unders tandable . However, the p r a c t i c a l s y s t e m c u r v e i s much m o r e c o m -
plex b e c a u s e s e v e r a l pipe s i z e s and gr ids a r e employed. Only a f t e r analyzing 
these two c u r v e s c a r e f u l l y can the proper pump s e l e c t i o n be m a d e . 

Pumps in s e r i e s or pumps in p a r a l l e l only add to the complex i ty of this 
a n a l y s i s and e m p h a s i z e the i m p o r t a n c e of the graphic approach in solving pump-
s e l e c t i o n p r o b l e m s . 



^ j j - p n a H m o j L 



In conclus ion, good engineer ing d i c t a t e s a c a r e f u l study of condit ions to 
i n s u r e obtaining e f f i c ient equipment which wil l adequately p e r f o r m under the 
v a r i a b l e demands of the tur f i r r i g a t o r . T h e r e a r e no s y s t e m s with a c o n s t a n t -
c a p a c i t y demand, and the v e r y nature of a pump's p e r s o n a l i t y d i c ta tes that i t i s 
the des ign e n g i n e e r ' s r e s p o n s i b i l i t y to do i t s thinking. With a proper appl ica -
tion approach, m o s t s a t i s f a c t o r y p e r f o r m a n c e f r o m a c e n t r i f u g a l pump can be 
obtained. 





RANDOM THOUGHTS F R O M A F A R 

F r e d V. G r a u 1 

C i r c u m s t a n c e s have prevented a c c e p t a n c e of D r . P a t t e r s o n ' s kind invi ta -
tion to par t i c ipate in your I 9 6 0 WSU T u r f g r a s s C o n f e r e n c e . In l ieu of making 
the tr ip, for which I a m not phys ica l ly p r e p a r e d at present , I have a g r e e d to 
send a few notes which, when published in the P R O C E E D I N G S , may be of i n t e r -
e s t to s o m e . 

Many of my "Random T h o u g h t s " have been gleaned f r o m talking with 
super intendents . Some have c o m e f r o m l e t t e r s to " G r a u ' s A n s w e r s in Golf-
dom. " E a c h r e p r e s e n t s a phase of golf c o u r s e m a i n t e n a n c e with indica tes 
P R O G R E S S . 

New C o n s t r u c t i o n 

L o w - c o s t mach ine maintenance to r e p l a c e expens ive hand methods i s the 
o r d e r of the day on new c o u r s e s . This pr inc ip le d e s e r v e s to be an i n t e g r a l 
par t of e a c h new a r c h i t e c t u r a l and c o n s t r u c t i o n c o n t r a c t . 

Good dra inage i s so e s s e n t i a l to e a s y t u r f g r a s s m a i n t e n a n c e that i t c o m e s 
as a rude shock to r e a l i z e that many new c o u r s e s a r e buil t and paid for b e f o r e 
the new owners r e a l i z e that they have a " b a d - d r a i n a g e l e m o n " on the i r hands. 
It i s rough on the superintendent who a s s u m e s r e s p o n s i b i l i t y for keeping the 
new c o u r s e in top condition, only to find that i t i s not p o s s i b l e without ex tens ive 
a l t e r a t i o n s , modi f i ca t ions , and rebui lding. Some super intendents have been 
f i r e d for daring to rebui ld a g r e e n that had been in play l e s s than a y e a r . 

Thatch Control 

V i s i t s to c o u r s e s in the U . S . and Canada c l e a r l y indicate that the p r o b l e m 
of thatch i s continuous and wil l i n c r e a s e with t i m e . In o r d e r to have enough 
g r a s s to build a d e s i r a b l e cushion on which to play golf, we need to grow too 
much g r a s s for i ts own good. The e x c e s s g r a s s c r e a t e s thatch which demands 
per iodic thinning and r e m o v a l in o r d e r to provide good a e r a t i o n and water pene-
t ra t ion . Y e a r s ago I v i s i t e d a c o u r s e in the P a c i f i c Northwest . It was ra ining 
at the t ime, and it had been raining m o s t of the w i n t e r . The g r e e n s looked bad. 
My diagnos is was "the so i l i s dry . " You can wel l imagine the incredul i ty and 
l a c k of e n t h u s i a s m with which my s t a t e m e n t was r e c e i v e d . Upon cutting a plug 
with a j a c k n i f e the p o w d e r - d r y so i l was exposed one inch below the s u r f a c e . 
Thatch had ac ted the s a m e as a thatched roof in Scot land or I r e l a n d - no water 
could e n t e r . 

Machines for removing thatch and a e r a t i n g the so i l a r e e a s i l y ava i lab le 
and should be in e v e r y super intendent ' s shed. This operat ion has b e c o m e 
s tandard on many c o u r s e s . It i s of deep s i g n i f i c a n c e to g o l f e r s that the playing 
s u r f a c e i s unimpaired, even though the operat ion i t s e l f g ives the i m p r e s s i o n 
that the p lace i s being plowed. 

Agronomis t , Col lege P a r k , Maryland. 



Tra in ing Men 

The t u r f g r a s s p r o f e s s i o n i s in d e s p e r a t e need of c o l l e g e - t r a i n e d men, 
p r e f e r a b l y f o u r - y e a r s tudents . Those super intendents who e a r n e d their B a c h -
e l o r ' s or M a s t e r ' s d e g r e e s a r e in p r i m e posi t ions with top sa lar ies , . But, 
j u s t so long as m a n a g e m e n t shops around for a man who i s will ing to a c c e p t 
a low s a l a r y s c a l e without f r inge benef i t s , j u s t that much longer we will have 
to wait for advancement in the p r o f e s s i o n . Af ter al l , the l e a s t c o s t l y i t e m in 
the budget i s a generous s a l a r y for a competent superintendent . We can i l l 
a f ford to e levate an unschooled m e c h a n i c to a m a n a g e m e n t posi t ion when a 
s ingle m i s t a k e in the use of modern c h e m i c a l s could c o s t the club many t i m e s 
the value of the fa l se ' ' saving. " 

I n t e r f e r e n c e with P l a y 

As the number of g o l f e r s i n c r e a s e s without a c o m p a r a b l e i n c r e a s e in the 
number of golf holes , it is inevi table that c o u r s e s wil l b e c o m e m o r e crowded. 
The natural consequence i s m o r e i n t e r f e r e n c e with play while n e c e s s a r y m a i n -
tenance operat ions a r e being conducted. 

One plan that i s being t r i e d is to do m a j o r mowing and c leanup la te in the 
af ternoon and evening to m i n i m i z e i n s o f a r as p o s s i b l e the e a r l y morning a c t i v -
i t i e s . It i s a s s u m e d that, r e g a r d l e s s of dew or anything e l se , the g r e e n s s t i l l 
m u s t be mowed in e a r l y morning to p r e p a r e them for the day 's play, L a b o r , 
of c o u r s e , must be willing to c o o p e r a t e i f the other work i s to be done la te in 
the day. It would s e e m that the idea has m e r i t and d e s e r v e s a good t r i a l . 

Equipment 

A needed piece of equipment would s e e m to be a fast , e f f i c i ent vacuum 
sweeper for f a i r w a y s . R e m o v a l of c l ippings, l e a v e s , a n d other d e b r i s has 
s e e m e d to m e for y e a r s to be a p r i m e ob jec t ive in sani tat ion and in providing 
m o r e p l e a s u r a b l e playing conditions.. Suction h a r v e s t e r s have been des igned 
for f i l b e r t s , for b u f f a l o g r a s s seed, and for c e r t a i n other c r o p s . To design 
one for unencumbered fa i rway a r e a s should be an e n g i n e e r ' s d r e a m . Does 
anyone know of one in e x i s t e n c e . 

C l o s e Mowing 

Good golf turf i s predica ted on c l o s e mowing which aids in providing 
dense f i r m playing s u r f a c e s . This development for t e e s and f a i r w a y s s tar t ing 
about 15 y e a r s ago has brought about some i n t e r e s t i n g changes in the g r a s s e s 
that a r e being used on t e e s and f a i r w a y s . Ordinary b l u e g r a s s couldn't take i t . 
F e s c u e s f a r e d l i t t le b e t t e r . Then c a m e improved b l u e g r a s s e s which thr ived 
under c l o s e mowing. Now we have improved f e s c u e s which t o l e r a t e c l o s e cut -
t ing. Many r e p o r t s indicate that t e e s a r e being cut 1/4 inch to 3/8 inch; f a i r -
ways 1/2 inch to 3/4 inch. B e n t s , of c o u r s e , a lways have been adapted to v e r y 
c l o s e mowing. Here, too, we have improved v a r i e t i e s which do a b e t t e r j o b 
a l l around, 



Publ ic R e l a t i o n s 

The fac t that a superintendent can grow good g r a s s may have l i t t le or 
nothing to do with his s a l a r y s c a l e . His abi l i ty and wi l l ingness to get along 
with people may be much m o r e i m p o r t a n t in determining the s i z e of his check 
each month. Many superintendents t e l l m e that the i r ch ie f p r o b l e m is coping 
with the individual qui rks and moods of m a n a g e r s , owners , and c o m m i t t e e 
c h a i r m e n . The sooner this phase of t ra ining of super intendents i s r e c o g n i z e d 
by u n i v e r s i t i e s (and by the superintendents) , the sooner we wil l s e e the pro-
f e s s i o n e levated to i t s w e l l - d e s e r v e d p lace . 

Getting to Know M a t e r i a l s 

It would be s e n s e l e s s for a m e s s a g e such as this to a t tempt to inf luence 
anyone to use this or that m a t e r i a l . This p a r a g r a p h i s an e a r n e s t plea for 
m o r e intens ive study of each c h e m i c a l , each f e r t i l i z e r m a t e r i a l , e a c h fungi-
c ide - so that there i s a b e t t e r understanding of how and why a m a t e r i a l works 
and what can be expected of i t . We have heard foo l i sh " c o n c l u s i o n s " drawn 
a f t e r a s ingle h a l f - h e a r t e d at tempt to c o m p a r e one m a t e r i a l with another with-
out trying to understand the p r i n c i p l e s involved. L e t us s t r i v e for honest, 
open p e r f o r m a n c e t r i a l s over a long enough span of t i m e to j u s t i f y the draw-
ing of c o n c l u s i o n s . 

It has been disappointing to be denied the pr iv i lege of meet ing with you. 
F o r now, this wri t ten m e s s a g e must suf f i ce . I would l ike to l eave with you 
the thought that the t u r f g r a s s p r o f e s s i o n i s an honorable one and one that i s 
s teadi ly growing in s ta ture and i m p o r t a n c e . The s e c r e t of s u c c e s s i s cont in-
ued study, exper imenta t ion , s e l f i m p r o v e m e n t , and at tendance at c o n f e r e n c e s 
where e x p e r i e n c e s can be s h a r e d . 
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