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INTRODUCTION

Turf c u l t i v a t i o n  i s  a mechanical procedure t h a t  

produces a sp ik in g , c u t t i n g ,  or core-rem oving action  on 

the sod of es tab lish ed  turf# I t  la  used in an attempt to  

reduce su rfa ce  compaction of the sod; to  encourage d e stru c 

t io n  of " t h a t c h " ,  v,hlch I s  a su rface  accumulation of 

le a v e s ,  stem s, and r o o t s ;  and t o  c r e a t e  s o i l  pores in  

which ro o ts  can make b e t t e r  growth*

The development of t u r f  c u l t i v a t i o n  has taken  

place mainly on g o lf  co u rses  where s p e c ia l  problems a re  

found# S o il  compaction is  one of th e  most common problems, 

and con be very severe  where w ater is  usod in la rg e  amounts# 

and whore heavy t r a f f i c  occurs on wet so ils#  Tho b en t-  

g r a s s e s ,  Agroat la spp. ,  which a re  popular on g o lf  c o u rs e s ,  

develop a serio u s  thatch# This accumulation or th a tch  Is  

a s so c ia te d  with e x c e s s iv e  water ru n o ff  on slopes end high  

p oints of  small undulations* On suoh are a s  th e  s o i l  may 

remain dry in sp ite  of an abundance o f  r a i n f a l l #  Turf 

c u l t iv a t io n  has been considered u sefu l f o r  reducing s o i l  

compaction and ru n o f f .  Other f a c t o r s  have encouraged the  

p r a c t i c e ;  for exatrple, many turfmen hope t o  improve s o i l  

a e ra tio n  by c r e a t i n g  openings in  the sod. Some claim  to  

m aintain t u r f  with c u l t i v a t i o n  in  areas  whore th ey  had 

f a i le d  form erly  without c u lt iv a tio n #  Not only has the
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g o lf  cou rse  superintendent shown a d e s ire  to  use t u r f  

c u l t i v a t i o n ,  but te c h n i c a l  ad visors  a lso  have encouraged 

the f r e e t i c e .

The r i s e  in p o p u la r ity  of t u r f  c u l t i v a t i o n  is  

shown by the rap id  evolution  of machinery c re a te d  f o r  the 

job. One of th e  f i r s t  t o o l s ,  a p o ta to  fo rk , was used 

approxim ately 25 y ears  ago* Now more e f f i c i e n t  machines 

are  used ouch as the " A e r l f i e r "  (sp oon ), "N ig h t-craw ler”

(hollow t i n e ) ,  and "T u rfe ra to r"  ( d r i l l ) .

In 1948 and 1949 , a s e r i e s  of c u l t i v a t i o n  t e s t s  on 

g o lf  cou rse  type of t u r f  were s ta r t e d  on the New Je rse y  

A g r ic u ltu ra l  Experiment S ta tio n  p lo ts  and on a fairw ay of  

the Rutgers Golf Course. These f i r s t  s tu d ie s  were of 

e x p lo ra to ry  nature to determine the general e f f e c t  of
. i

c u l t i v a t i o n  and to  find  the most promising lead s  f o r

f u r th e r  in v e s tig a t io n *  This paper 13 a re p o r t  on informa-.

t io n  obtained in  the study of th ese  t u r f  c u l t i v a t i o n  t e a t s  

and r e la te d  experim ents. The r e s u l t s  obtained from t u r f  

c u l t i v a t i o n  are  recorded by measurements of t u r f  q u a l i ty ;  

ro o t development; freedom of the g ra sse s  from d is e a s e ;  

wood p op u lation ; and p en etra tio n  in to  the sod of w ater,  

lim e, end phosphorus. Greenhouse studies were used to  

measure th e  response of C olon ial b e n tg ra e s , A grostis  

t e n u i s , to  oxygen supply and s o i l  compaction*



3

REVIEW OP LITERATURE

Formal t u r f  c u l t i v a t i o n  s tu d ies  cro not rep o rted  

In th o  l i t o r a t u r o ,  t u t  some ob servations have been 

record ed . Faulkner (17 )^  re p o r ts  th a t  "tho holes made In 

tho nod oro f i l l e d  w ith  ro o ts  b reath in g  in  tho puro 

oxygon"• Abundant ro o t  development has been observed  

many times in tho s o i l  openings crea ted  by t u r f  c u l t i v a 

t i o n .  This may occur in  summer, a season when t u r f  grasses  

tond to develop short ro o ts  which re p resen t only a small 

p a rt  of tho t o t a l  ro o t  system ( 1 8 ,  4 8 ) .  Tho ro o ts  found 

in th e  holes c re a te d  by c u l t i v a t i o n  may bo the r e s u l t  of  

se v e ra l  f a c t o r s ,  of which iteration  Is p o ssib ly  one of the 

most important* A number of in v e s tig a t io n s  have shown 

th a t  corn ( 5 ) ,  tomatoes ( 1 3 ) ,  soybeans ( 4 ) ,  and o ats  (10)  

w ill  develop a l a r g e r  ro o t  system in aera ted  solu tio n s  

than in unaerated s o lu tio n s *  A lso , a number o f  s o i l  

c u ltu re  stu d io s  have shown th a t  s o i l  a e ra tio n  giv es  a 

marked improvement In ro o t development fo r  hydrophytes  

( 1 4 ) ,  b a rle y  ( 3 ) ,  corn ( 2 4 ,  2 5 ) ,  soybeans ( 2 6 ) ,  and sun

flow er ( 2 6 ) .  Since those p la n ts  which ro p resen t a wide 

range of h a b i ta t  show a response to  in creased  a e r a t io n ,  

th ere  la  reason to  expect a s im ila r  response cn the p a rt  

of the tu r f  g r a s s e s .

^Figures in p aren theses r e f e r  to  L i te r a tu r e  C ited .



Work with crops o th e r  than t u r f  show th at  s o i l  

compaction hinders ro o t  development# Lawton (2 5 )  found 

th at compaction of the s o i l  in greenhouse c u ltu re s  reduced 

tho r o o t  growth of corn  plants#  Other workers have shown 

s im ila r  r e s u l t s  fo r  b a rle y  ( 3 7 ) ,  wheat ( 3 7 ) ,  and sugar  

beets (46)#  These s tu d ie s  show th a t  an in cre a se  in th e  

r a t i o  of tops to  r o o t s  is  a s s o c ia te d  with s p i l  compaction# 

General ob servations in d ic a te  th a t  th is  same re la t io n s h ip  

may occu r fo r  t u r f  grasses#

Skrdla (43) found th a t  severe s o i l  compaction did 

not r e s t r i c t  the development of t u r f  g ra ss e s  n early  as 

much i f  adequate n u tr ie n ts  wore supplied . This suggests  

th a t  s o i l  compaction hinders the n u tr ie n t  supplying power 

of the so il#  Smith and Cook (4 6 )  showed a lower r a t e  of  

n i t r a t e  production in compacted s o i l ,  dospite  the presence
I

of nitrogenous organic m atter* Hubboll and Gardner (22)  

have shown on two Kew Mexico s o i l s  th a t  s o i l  compaction  

reduces tho b a c t e r i a l  population# Thus, s o i l  compaction  

may have in flu en ce  on tho growth of t u r f  g ra s s e s  as a 

r e s u l t  o f  i t s  e f f e c t  on tho n u tr ie n t  supplying a b i l i t y  of  

the s o i l  organisms.

C u ltiv a tio n  o f  oth er crops has shown in c re a s e s  in  

y ie ld s  which have boon a t t r ib u to d  to  tho n i t r a t e  supplying  

power of the s o i l  ( 7 ,  3 2 ) .  Lyon (28 )  found lo s s  n i t r a t e  

in u n cu ltiv a te d  f i e l d  s o i l s ;  and he was able to  in cre a se
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t h e i r  n i t r a t e  con ten t by aera tio n *  The b e n e f its  provided  

by c u l t iv a t io n  o f  f i e l d  crops suggest th a t  in creased  

growth of g rasses  may be obtained by t u r f  c u ltiv a tio n #

Pasture s tu d ies  have shown t h a t  s o i l  compaction  

causod by tram pling g r e a t l y  in cre a se s  th e  amount of water  

ru n off ( 2 ,  1 6 )*  Rogers (39 )  rep orted  t h a t  tho runoff  

from a one-inch r a i n f a l l  on p a s tu re  land washed o ff  9 p er  

cent of a 200-pound p e r  ©ere ap p lica tio n  o f  t r i p l e  super

phosphate* Kunoff is  another f a c t o r  th a t  may hinder t u r f  

development on compacted s o i l s *

Many p astu re  and s o i l  s tu d ies  have shown th a t  lime 

(11 , 1 2 ,  3 3 ,  4.0, 41)  and phosphorus ( 1 0 ,  3 0 ,  3 0 ,  4 0 ,  4 1 ,

50) p e n e tra te  the s o i l  slowly* Longneeker and Sprague (27 )  

showed th a t  s u rfa ce  a p p lic a tio n s  of lime to  estab lish ed  

t u r f  p e n e tra te  the 3 o i l  very slowly# Midgely (31 )  found 

th a t  p lacin g  superphosphate in  k n ife  grooves a t  4 -in ch  

In te rv a ls  gave 57 p e r  ce n t  more topgrowth o f  Kentucky 

bluograsa Poa p ra te n s ls  p astu re  than su rfa ce  ap p lica tio n *  

This study suggests  th a t  some t u r f  areas might b en efit  

from a c u l t i v a t i o n  treatm ent i f  phosphorus p en etra tio n  i s  

encouraged.

The p o s s i b i l i t y  of a weed problem a r is in g  from  

c u l t i v a t i o n  is  suggested by v i a b i l i t y  s tu d ies  of buried  

seed3* Goas (20) rep orted  on seed b u r ia l  s tu d ies  in which 

g o osegrass , KLeustno in d lc a , gave 0*5  to 3*0 per cent

germ ination a f t e r  6 years?  white c l o v e r ,  Trlfollum  rep en s,



gave 3 to  4 .5  p er cen t a f t e r  10 years  (e x c lu s iv e  o f  hard 

s e e d s ) ;  buckhorn, P lantago l e n c e o l a t a , gavo 2 .5  t o  3 . 5  

p er c o a t  a f te r  10 y e a r s ;  broad-leaved p la n ta in ,  Flantago  

m ajor, gave 5 .5  to 8 3 .5  per cen t a f t e r  21 y e a r s ;  and red -  

seeded dandelion, Taraxacum erythrosperaum , gave 0 .5  to  

0 .0  por cen t a f t e r  6 years*  Brenchloy and Warington (9 )  

rep orted  that 3©ed of g r a s s  s p e c ie s ,  p rim arily  annual 

bluegrass ( Poa a nnua) ;  chlckweed ( S t e l l a r l a  media) ;  and 

speedwell (Veronica a rv e n a ls ) survived fo r  8 ,  5 ,  and 5 

y e a r s ,  r e s p e c t i v e l y .  On more r e c e n t l y  e s ta b lish e d  a r e a s ,  

c u l t i v a t i o n  of t u r f  w il l  expose buried seeds to  conditions  

th a t  are fav o rab le  fo r  germ in ation , which suggests  th at  

c u l t i v a t i o n  may c r e a t e  or in te n s ify  weed problems*

> . . v • ,k • ■
METHODS AND PROCEDURES

Since a review of the l i t e r a t u r e  did not re v e a l  

any in v e s tig a t io n s  on t u r f  c u l t i v a t i o n ,  I t  was not p o ssib le  

to  s e l e c t  any ono phase to  serve  as a b a s is  f o r  study.  

T h erefore , tho most im portant need was t o  measure th e  

response of t u r f  g rasses  to  c u l t i v a t i o n ,  and t o  obtain  

inform ation on the r e l a t i v e  importance of fundamental 

f a c t o r s  th a t  might in flu en ce  the development of the gross#  

Greenhouse s tu d ies  were es tab lish ed  to measure th e  response  

of tu r f  g ra ss e s  t o  oxygen l e v e l  in  n u tr ie n t  s o lu tio n .  Also, 

greenhouse c u l tu r e s  were used to  study the e f f e c t  of s o i l

-  6 -



compaction on Colonial b en tg ro33 . Three f i e l d  s tu d ies  

wore e s ta b lish e d  on fairw ay type of t u r f ,  and two were 

e s ta b lish e d  on p u ttin g  green typo of  tu rf*  Techniques 

8nd d e sc r ip tio n s  of a l l  in divid u al f i e l d  and greenhouse 

t e s t s  are given in the fo llow in g  se c tio n s*

Greenhouse Tests

S olu tio n  C ulture A eration S tu d y--Tho e f f e c t  of so lu tio n  

ae ra tio n  on th e  growth of Colonial b en tg rasa , A groatls  

t e n u i s , was studied in a s e r ie s  o f  th re e  t e s t s  in 1948 ,

19 4 0 , and 1950 . Seedling p la n ts  wore grown in n u tr ie n t  

so lu tio n  under uniform con dition s fo r  one to two weeks 

p r i o r  t o  the 3 t a r t  of so lu tio n  a e r a t io n .  Each c u ltu re  

containod th re e  p la n ts  and each treatm ent was re p lic a te d  

four t im e s . The s iz e  of th e  c u ltu re  ja r s  was 2650 , 2650 ,  

and 1895 mla. for th e  re s p e c t iv e  t e s t s .  The a e ra tio n  

treatm en ts  were of 3 3 ,  61 , and 35 days d u ra tio n , respect

i v e l y .  The 1943 and 1950 c u ltu re s  were not c lip p e d , but the  

1945 c u ltu re s  were clip p ed  s i x  times a t  a height of one in ch .

Air was supplied to  the t r e a te d  c u ltu re s  by c a p i l 

l a r y  tubes th a t  were placed 3 to  5 cms. from the bottom of
i

the in divid u al J a r a .  In a l l  th re e  t e a t s ,  one s e t  of c u ltu re s  

received  no a i r ;  a second s e t  rece iv ed  a i r  bubbles a t  a
' ' : : ' I

rn to  of approxim ately one p e r  second, and the th ird  s e t  of  

c u ltu re s  received  a q uan tity  of a i r  th a t  bubbled through  

the so lu tio n  a t a r a te  too rap id  f o r  counting.

-  7 -
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In e l l  t e s t s ,  the major s o l t s  used in  so lu tio n  

p rep aratio n  were CaOTO^gi KHgP04 , KgS04 , and MgSo4 *

These s a l t s  were used at co n cen tra tio n s  of 0 * 0 0 4 , 0*0 0 1 ,  

0 * 0 0 2 , and 0*002  m olar, re s p e c t iv e ly *  The co n ce n tra tio n  

of the elements in  terms of p*p*m« were Ca 1 6 0 , K 1 1 2 ,

K 2 0 0 , P 3 1 ,  S 1 2 8 ,  and Mg 4 9 .  A lso, Fo, 8 ,  jKn, and Zn 

were supplied at the r e s p e c t iv e  r a t e s  of 1 * 0 ,  0 * 2 5 ,  0 * 2 5 ,  

and C .25 p.p.m* In the f i r s t  t e s t ,  the so lu tio n  was 

changed a t  3 to 6-day In te rv a ls *  Between changes, so lu 

t io n  was added as  required to  re p la ce  t ra n s p ira t io n  lo s s *  

In the second t e s t ,  the s o lu tio n  was changed when any one 

of the treatm ents  reached a pH of 6 . 0 ,  and so lu tio n  was 

added as req u ired  to re p la c e  t r a n s p i r a t i o n  lo s s *  In the  

th ir d  t e s t ,  th e  n u tr ie n t  s o lu tio n  was introduced by con

tinuous flow from a r e s e r v o i r  through a c a p i l l a r y  tube 

th a t  extended below the su rfa ce  of the c u ltu re  so lu tio n *

In a d d itio n , s p e c ia l  measures were used in t h i s  t e a t  to  

c o n tro l  the amount o f  oxygen In the n u tr ie n t  so lu tio n *

The oxygen content of th e  fre s h  so lu tio n  was reduced by 

bubbling n itrogen  gas through the p rep aration  b o t t l e s .

The t r e a te d  so lu tio n  was then siphoned in to  re s e r v o ir s  to  

avoid any a e ra tio n  from pouring* The so lu tio n  in both the  

r e s e r v o i r  and c u l tu r e  was covered with 4mm* of m ineral o i l  

for the purpose of excluding oxygen ( 2 3 ) .
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The oxygon con ten t of th© c u l tu r e  s o lu tio n s  was 

determined by the Winkler method (2 9 )  during variou s  

stag es  of the th ree  t e s t s *  Dry weights of ro o ts  end tops  

wore determined f o r  the group of th ree  p lan ts  grown in 

each c u l t u r e .  Petroleum o th e r  was used to e x t r a c t  the  

m ineral o i l  fron  the dried  p la n ts  grown in the t h i r d  t e s t ,  

and the t o t a l  n itrog en  in th e  tops and ro o ts  was d e te r 

mined by the tnlcro-K Jeld eh l method of Pepkowitz and Shive 

( 3 6 ) .

S o il  Compaction Study— C olonial bentgrosa was grown i n  8*2  

l i t e r ,  bottom -drained j a r s  (Ox 11 in ch es)*  Ten ja r s  wore 

f i l l e d  with a sandy loam s o i l  which was compacted to  a 

volume weight of 1 * 6 4 ;  and ten a d d itio n a l  j a r s  were f i l l e d  

to  a volume weight of 1 * 3 6 . The p lan ts  In  f iv e  o f  th e  

compact end f iv e  of the lo o se  s o i l  c u l tu re s  were clipped  

eig h t tiraea to  approximately on e-h alf  inch h eigh t*  The 

p la n ts  in the remaining ten c u ltu re s  were clip p ed  th ree  

times during the 20-week period to approxim ately on e-h alf  

inch h e ig h t .  Equivalent amounts of water were applied to  

a l l  treatm en ts*  At h a r v e s t ,  dry weights of c l ip p in g s ,  

to p s , and ro o ts  were determined* The ro o ts  were washed 

f r e e  of the s o i l  mass and dried* The dry ro o t samples wore 

ashed and the a sh -fro o  dry wei|£it i s  reported  as the dry 

root w eight.



F ie ld  Testa

Frequency of C u ltiv a tio n  Study--The Frequency of C u ltlv a -  

t i  on Study was e s ta b lish e d  on o mixed t u r f ,  which was 

predominantly Colonial b on tgrass  c u t  to  a th re e -q u a r te r  

inch h e ig h t .  Treatments of two and s i x  c u l t iv a t io n s  p er  

season wore mode during 1949 and 1 9 5 0 ,  with an A e r l f i e r  

equipped with on e-inch  spoons th a t  p enetrated  3 to  5 inches*  

F ig u re  1 shows an A e r l f i e r  model, and Figure 2 ohowa a 

s e c t io n  of c u l t i v a t e d  t u r f *  The individual p lo ts  were 6 

x 35 f e e t ,  and the t e s t  was in  q u a d ru p lica te . A complete 

f e r t i l i z e r  con tain in g  25 to  33 p er c e n t  organic n itro g en  

was applied ot a ro te  of 49 pounds of N per a c r e  during  

April and September of each year* F e r t i l i z e r  r a t i o s  of 

1 - 1 - 1  end 4 - 3 - 2  were used in  1949 and 1950 , re s p e c t iv e ly *  

Also, M ilorganite  (6 $  organ ic  n itro g en ) was applied a t  the 

rot,© of 436 pounds p er a c re  in  Kay, 1950*

Trie s o i l  o f  the t e s t  a re a  had a pH of 6 . 6 ,  and is  

e loam c o n s is t in g  of  Penseuken g ra v e l  and red  Brunswick 

s h a le .  The area is  a we11-d rained  s i t e  on the New Je rse y  

Experiment S ta tio n  t u r f  p lo ts *

Data taken on t h i s  t e s t  include a c tu a l  counts of 

c re b g ra s s ,  p l g l t a r l a  sangulnalla  and D lg lta r ia  lscheum, 

and dandelions, Taraxacum o f f i c i n a l e ; c lip p in g  w eights;  

p ercen tage es tim ates  o f  annual b lu e g ra s s ,  Poa annUa; p er

centage es tim ates  of C olonial b e n tg ra ss ; water p e n e tra tio n
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Figure 1# A s e c t io n  of an A o r if io r  r e e l*  not in operation*  
The sprin gs sorv© to  break the s o i l  c o re s  and to  
reduce the te a r in g  a c tio n  of the spoon* The 
machine Is  used with or without the springs*
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r o te s ; volume weight of the s o i l  a t  1 -4  Inches^, and per 

cent a i r  space p o ro s i ty  a t  1 -4  inches'5**

To measure w ater p e n e tr a t io n ,  a galvanized m etal  

c y l in d e r ,  4 .5  inches in diameter wa3 driven in to  th e  t u r f  

to  a depth of 1 .5  in ch e s . A t o t a l  of  700 ml. of water 

was poured in to  the c y l in d e r ,  making a head of 2 .7  In ches.

The time required f o r  tills  q u an tity  of water to  p e rc o la te  

in to  the s o i l  was measured. In th is  and in a l l  other w ater  

p e n e tra tio n  t e s t s ,  the individual readings fo r  each p lo t  

are  based on a minimum o f  twenty ro ad in g s .

Twenty n atu ra l  s t r u c t u r e  s o i l  co res  (3  inches in  

diam eter and 3 inches in depth) were taken from each  

treatm ent to determine volume weight of the s o i l  end per  

cen t a i r  s p a c e . These were analyzed for a i r  space by the  

use of the pycnometer technique ( 3 5 ,  4 9 ) .  Following t h i s ,  

th e samples were oven dried f o r  d eterm in ation  of volume 

w eigh t. *

'.''t-ithocis of C u ltiv a tio n  S tud y--Three d if fe r e n t  methods of  

c u l t iv a t io n  were used on a mixed t u r f ,  which was predomi

nantly C olonial b e n tg ra s s ,  cut to  a th re e -q u a r te r  inch  

h e ig h t .  In the f i r s t  and second methods, the A e r i f i e r  

was used to  c u l t i v a t e  to  depths of approximately 2 and 5

Determinations made in coop eratio n  w ith Dr. George R. Bloke,
A ss is ta n t  heaooi’ch S p e c i a l i s t  i n  S o il  P h y sics , New Je rse y
A g ric u ltu ra l  Experiment S t a t i o n .



Fig u re  2* A s e c t io n  o f  t u r f  c u l t iv a te d  with the A o r l f i e r ,  
without th e  sp rin g  attachment on the spoons* 
Springs were not used in  the p resen t study*
The c o re s  wore broken and spread with a afceol 
mat or by tho subsequent mowing*
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inoho3 , r e s p e c t iv e ly *  For the th ird  method, a disk d r i l l  

was used to c u t  the t u r f  a t  i n te r v a l s  o f  7 inches* Quad

ru p l ic a te  treatm ents wore s ta r t e d  on p lo ts  6 x 26 fo e t  in  

O ctober, 1940 , and wore rep eated  each spring end f a l l  in 

1949 and 1 9 5 0 .  A fter each c u l t i v a t i o n ,  a complete f e r t i 

l i z e r  was used to  supply a minimum of 64 pounds of n itrogen  

p er a c r e .  The s o i l  had a pH of 6 * 4 ,  and i s  a loam c o n s i s t 

ing o f  Pen3aukon g ra v e l  and red Brunswick shale* The t e s t  

s i t e  is lo c a te d  on a gen tle  slope on the New Je r s e y  Exper

iment S ta tio n  t u r f  p lo ts *  The p lo ts  were ra ted  fo r  t u r f  

q u a l i ty ;  p resen ce  c f  c l o v e r ,  c ra b g ra a a , and dandelions; 

and r a t e  of w ater i n f i l t r a t i o n *  Turf q u a li ty  was ra te d  on 

a s c a le  of 1 ,  2 , 3 ,  4 ,  e t c * ,  the low est value rep resen tin g  

the boat q u a lity *  Clover r a t in g s  rep resen t estim ated  

p ercen tag es*  Cr&ugrass and dandelion r a t in g s  were d e te r 

mined by a c tu a l  p lan t cou n ts .

Time of C u ltiv a tio n  Study— Time of c u l t i v a t i o n  treatm ents  

were e s ta b lish e d  on seasid e creeping b e n tg ra s s ,  A groatls  

p a l u 3 t r l 3 , cut a t  a h eigh t of f o u r -s ix te e n th s  to  f i v e -  

s ix te e n th s  in ch . The dates of c u l t i v a t i o n  f o r  the d if fe r e n t  

treatm ents  were sp rin g , summer, f a l l ,  sp rin g  and summer, 

spring and f a l l ,  suiuncr and f a l l ,  and a combination o f  a l l  

th re e  seaso n s .

All c u l t i v a t i o n  trea tm en ts  wore made with the 

A e r i f l e r  equipped with on e-h alf  inch diam eter spoons* The



e n t i r e  t e s t  area  was topdressed  with improved to p s o il  

a f t e r  each c u l t i v a t i o n  tre a tm e n t .  The s o i l  used fo r  

to p d ressin g  was a sandy loam th a t  contained 12 t o  14 p er  

cont organic in citer*  In a d d it io n , a minimum o f  3*5  pounds 

of a c tu a l  n itrogen  was applied p e r  1 ,0 0 0  square f e e t  each 

season* The trea tm en ts  were In  t r i p l i c a t e ,  and the c u l t i 

v a tio n  p lo ts  were 5 x 20 f e e t  i n  s iz e *  The treatm en ts  

v;er*o s ta r te d  in  the f a l l  of 1 9 4 8 , and were continued  

through 1949 and 1950* During th e  1940  and 1949 seaso n s,  

a l l  crab ^ rass  p lan ts  were removed before they s e t  seed*

In August, 1 9 5 0 ,  counts of individual p la n ts  were made 

f o r  each p lo t  at the time of hand-weeding* Water p en etra 

t io n  readings were taken in November, 1050* The t e s t  i s  

lo c a te d  on the tu r f  p lo ts  of th e  New Je rs e y  Experiment 

S ta tio n *  The s o i l  had a pH of 6 * 6 ,  and i s  a loam c o n s is t 

ing of lensauken g r a v e l  and red Brunswick shale* The a re a  

rece iv ed  l e s s  t r a f f i c  than the ty p ic a l  p u ttin g  green , but 

th is  was p a r t ia l ly  o f f s e t  by the f a c t  th a t  the s o i l  te x tu re  

i s  h eav ier  and co n te tn s  l e s s  organic m a tte r  than most golf 

g reen s ,

Bentgresa C u lt lv e t io n - Pate of Nitrogen Study— A seasid e  

creep in g  bontgrass t u r f  cut t o  a h eigh t of fo u r t o  f i v e -  

s ix te e n th s  of an inch was used fo r  th e  t e s t  area* TheA
treatm ent included th re e  r o te s  of n itrog en  on c u l t iv a te d
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and n o n -cu ltIv a ted  t u r f .  Th© n itro g en  treatm en ts  used 

v/ere 3 . 2 ,  4 . 8 ,  and 6 .4  pounds of a c tu a l  N por 1 ,0 0 0  square  

f e e t  each season. Each n itrog en  p lot:w as s p l i t  in to  sub

p lo ts  of c u l t i v a t e d  and n o n -cu ltiv a te d  tu r f *  Th© treatm ents  

wore in t r i p l i c a t e ,  and the cultivation*; p lo ts  wore 9 x 30 

f e e t .  The A e r i f i e r  was used with o n e -h a lf  inch spoons 

each spring and f a l l .  The e n t i r e  t e s t  area  was topdr©3sed 

with improved to p s o i l  a f t e r  each c u l t i v a t i o n  tre a tm e n t.

Th© t e s t  was e s ta b lish e d  on a loam s o i l ,  c o n s is tin g  of  

iensauken g rav el and red Brunswick s h a le .  The treatm en ts  

were made during tho 1949  end 1950 seasons. In 1950 , the  

a c tu a l  number of crab gro ss  p lan ts  and tho amount of la rg e  

brovmpatch, R hlzoctonla  s c l a n l ,  were recorded f o r  c u l t i v a 

ted end n o n -eu ltiv a ted  p l o t s .  Large brownpatch was ra te d  

by p ercentage e s tim a te s ,  and tho t o t a l  area  of in d ivid u al  

In fe c tio n s  was determined by diameter measurements.

Fairway C u ltiv a tio n  Study— A c u l t i v a t i o n  study was s ta r te d  

in O ctober, 1 9 4 8 , on the ou ter curve of fairw ay #2 on the  

Rutgers Golf C ourse. The A e r i f i e r ,  equipped with one-inch  

spoons, was used each sp rin g  and f a l l  p r i o r  to  any chemical 

top d ros3ing. In the f a l l  of 1943 , and in the sp rin g  and 

f a l l  of 19 4 9 , two simultaneous c u l t iv a t io n s  wore made on 

each treatm ent d a te .  These treatm en ts  which accounted f o r  

s ix  c u l t iv a t io n s ' ,  plxis two more made in 1950 , gave a t o t a l

L
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of e ig h t fo r  the t o s t  period* The average p e n e tra tio n  of 

the spoons varied  fr ôm 2*5 to 5 .0  in ch es . The c u l t iv a t io n  

p l o t s  wore divided in to  four subplots which received  d i f f e r 

ent chem ical to p d re s s in g s . Ono subplot rece iv ed  inorganic  

f e r t i l i z e r  only; a sooond receiv ed  ground lim estone plus  

f e r t i l i z e r ;  a thix'd rece iv ed  gypsum plus ground lim estone  

plus f e r t i l i z e r ;  and the fo u r th  served as a cheok# For  

each of the spring and f a l l  seaso n s, the r a te s  of chemical 

a p p lic a tio n  p er acr*e were 44 to  52 pounds of n itro g e n , 87  

pounds of ToOg, an average of 1,10Q< pounds of ground lim e

s to n e , and an average of 825 pounds of gypsum. The c u l t i 

v a tio n  treatm ents  and the subplot treatm ents  were in 

q u a d ru p lica te . Kentucky blu©grass and annual b luegrasa  

formed the g r e a t e r  p a rt  of th e  t u r f ,  whioh was c u t  a t  an 

average h eigh t of one in ch . The s o i l  o f  the t e s t  area  has 

a c la y  loam te x tu r e  and i s a shallow rod shale of the Penn 

s e r i e s .  The trea tm en ts  were ra te d  in  1950 f o r  percentages  

of t u r f  c o v e r ,  c l o v e r ,  annual b lu e g ro s s ,  and c ra b g ra ss *

Water p e n e tra tio n  r a t e s  were determined on c u l t iv a te d  and 

n o n -cu ltiv a te d  t u r f  in O ctober, 1950*

Eighty p lan t samples Including s u rfa ce  th a tc h  were 

obtained in O ctober, 1 9 5 0 ,  by use of a 3 x 6 inch c y l in d e r .  

F o rty  samples were c o l le c te d  from the c u l t iv a te d  treatm en ts  

and f o r ty  samples were c o l l e c t e d  from th e  n o n -cu ltiv a te d  

trea tm en ts  made on limed and f e r t i l i z e d  tu rf*  The s o i l  was



-  10 -

washed from the ro o ts  with a g e n tle  stream of w a te r .  The 

washed samples were separated  In to  top s; atoms, r o o t s ,  

and leav es  found in the 0 -1 * 2 5  inoh s o i l  h orizon ; and the  

ro o ts  found in the 1 .2 5 - 6  inch s o i l  h orizo n . The washed 

an.l d ried  samples from the 0 - 1 .2 5  inch depth and the ,1 .2 5 -6  

inch depth were ashed with a 600°  C tem perature. The weight 

lo s s  by combustion gave an a s h -fr e e  dry weight which is  

rep orted  as dry w eight.

S o il  samples were c o lle o te d  tw ice per year in  

1949 and I9 6 0 .  A t o t a l  of s i x  one-inch s o i l  ooros were 

c o l l e c t e d  from each p lo t  and divided in to  0 - 2 ,  2 - 4 ,  and 

4 -6  inch depths. The composite samples rep resen tin g  the  

th ree  depths were d r ie d ,  and screened f o r  t e s t i n g .  Tests  

were made fo r  pH and a v a ila b le  phosphorus1 . A one sone 

r a t i o  of s o i l  and wator was used fo r  determ ination of the  

pH with a g la s s  e le c tro d e *  the phosphorus e x t r a c t i o n  was 

made by e l e c t r o d i a l y s i s  in a 0.Q5K b o ric  acid  s o lu tio n .

The phosphorus determ ination was mod© c o l o r i m e t r i c a l l y ,  

using a p h o to e le c tr i c  c o lo r im e te r .

I .................................................................................................................... .................
The samples were t e s t e d  by the s o i l  t e s t i n g  la b o ra to ry  of  
the Hew Je rse y  Experiment S ta tio n  under the su p erv ision  
of IV. J .  Hanna end E. H. Purvis*

'' '̂ W
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RESULTS

Solution A eration of Bentgrasa C u ltu rea--T ab le  1 shows the  

in flu en ce  of s o lu tio n  a e ra t io n  on th e  development of  

C olonial bontgrass as measured in th ree  d if f e r e n t  t e s t s .

In the f i r s t  t e s t ,  aerated  s o lu tio n s ,  compared w ith unaer

ated s o lu t io n s ,  gave s i g n i f i c a n t  increases^- In rootgrowtb 

and tupgrowth of Colonial b en tg raes , A grostla  te n u is . A 

severe a t ta c k  of aphids term inated the t e a t  e a r l i e r  than  

planned. Only one t e s t  fo r  oxygon con tent of the so lu tio n s  

hod beer, niade a t  the time of h a r v e s t ,  and the value of 3 .5  

p.p.ra . recorded fo r  the unaerated so lu tio n  probably i s  not 

in d ic a t iv e  of the oxygen ten sion  maintained f o r t  his check 

t re a tm e n t.  At no time did th e unacratod c u l tu re s  appear  

to s u f f e r  from a lack  of oxygen, nor did th e  v i s u a l  appear

ance of the p lan ts  n o tic e a b ly  in d ic a te  the d if fe r e n c e s  shown 

by the dry w eights. The f a i l u r e  of th e  p lan ts  in  the unaer

ated c u l tu r e s  to  show marked d e f ic ie n c ie s  in d ica te d  th e  

d e s i r a b i l i t y  of  running a second t e s t  of  lo n g e r  d u ra tio n .

In s p i te  of the longer d u ra tio n  of th e  second t e s t ,  

the p la n ts  showed f a r  l e s s  response to  a e ra tio n  than in the  

f i r s t  t e s t  (Table 1 ,  T ests  A and B ) .  The topgrowth and

^The s ig n if ic a n c e  of a l l  d iffe re n c e s  was determined by 
an aly sis  of v a r ia n c e  ( 4 7 ) .  Throughout the c o n te x t  of  
th is  t h e s i s ,  the term s ig n if ic a n c e  r e f e r s  t o  s t a t i s t i c a l  
s ig n if ic a n c e  a t  th e  5 p er ce n t  l e v e l ;  and the term  
highly s ig n if ic a n t  r e f e r s  to s t a t i s t i c a l  s ig n if ic a n c e  a t  
the 1 per cent l e v e l .
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Table 1 .  'Too lnfluonco of n u tr ie n t  s o lu tio n s  d if f e r in g
in oxygen con tent on tho development of Colonial  
b e n tg ra a s , A g ro stls  to n u la .

•4
Grass : 

Treatment :

*•
A eration  : 

l e v e l  :
Dissolved  
. Oxygon

:Av. Dry Wt.
spar 3 p lan ts  
: Tops : Hoots

:H atto  
:o f  tops  
: t o  ro o ts

p .p .m . gtr.a* gras • ,

T est A, 1948
t.

Undipped none 3 .5 0 1 7*73 1 .3 2 5 .9 3
Unclipped medium 2*55 9 .3 0 1 .4 8 6 .3 9
Unci ij po d high 4 .6 3 1 1 .2 3 2 .1 2 5 .3 8

L . S . D .  5$ le v e l
rx4. 2 .3 2 0 .2 5 . n . s .

Test B, 1949

S i x  Clippings none 1 *363 1 0 .OB41 0 .7 4 1 4 .6 1
S i x  Clippings medium 4 .2 2 1 1 .6 1 0 .9 0 1 2 .2 0
S ix  Clippings high 6*34 1 0 .2 9 0 .9 3 1 1 .1 1

L.S .D*  l e v e l n . s . n . s . n . s .

Test C, 1950

Undipped none 0 . 2 5 1 4*64 0 .9 8 4 .9 6
Undipped medium 0 .7 0  / 5*60 1 .1 7 4 .7 7
Unci ippod high 4*60 5 .8 5 1 .8 0 3 .2 4

L . S . D .  5# le v e l rus* 0« 49 1 .2 0

An average value of th re e  r e p l i c a t i o n s  based on one 
^analysis p er c u l t u r e .
*L .S .D . » d if fe re n c e  req u ired  f o r  s ig n if ic a n c e *
°An average value of th re e  r e p l i c a t i o n s  based on s i x
, an alyses per c u ltu re *
"The values f o r  tops include c lip p in g  weights*
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rootgrowth weights of the aoratod c u ltu re s  did not d i f f e r  

s i g n i f i e s  itly  from those of tho unaerated c u ltu re s*  How

e v e r ,  the ro o t  weights of th e  high a era tio n  c u ltu re s  were 

c o n s is te n t ly  g r e a te r  than those of the chock* I t  was 

n ecessary  to  c l i p  th e  p la n ts  to  c o n tro l  the topgrowth dur

ing the t e a t  period* The average oxygen content of the  

so lu tio n  obtained from tho s ix  d i f f e r e n t  sampling dates  

gave 1 .3 6 ,  4 .2 2 ,  and 6*24 p .p .m . fo r  the low to  the high  

l e v e l s  of a e r a t i o n ,  re s p e c t iv e ly *  The lowest oxygen ten sion  

of 1*36 appears to  have been too g reet to  produce serio u s  

r e s t r i c t i o n s  on the development of the g ra s s  plants#

An a n a ly s is  of tho c u ltu re  s o lu tio n  fo r  tho th ird  

t e s t  of Table 1 showed 0 , 2 6 ,  0 * 7 0 ,  and 4*60 p.p.m* c f  oxygen 

fo r  the n on -aera to d , In term ed iate , and high l e v e ls  of a e ra 

t i o n ,  re sp e ctiv e ly #  The bontgr&ss p lan ts  grown in the 

l a t t e r  solvation yielded 26 per cent more topgrowth end 64 

por c o a t  more rootgrowth than the p lan ts  In the unaerated  

s o lu tio n s ;  the l a t t e r  d iffe re n c e  was s ig n if i c a n t *  As in  

tho previous t e s t s ,  th e r a t i o  of tops to  ro o ts  was g r e a t e r  

for tho p lan ts  grown in th e  unaerated so lu tio n s  than f o r  

those grown in the aera ted  s o lu t io n s .  Table 3 shown th a t  

tho ro o ts  of tho p la n ts  developed in aerated  solu tio n s were 

lo n g e r , and Figure 3 shows th a t  they wero more highly  branched 

than tho ro o ts  developed in tho unaerated  so lu tio n s*  The 

values fo r  topgrowth, rootgrow th. and top to r o o t  r a t i o  were 

in term ed iate  fo r  th e  p lan ts  grown in the so lu tio n  of  medium 

a e r a t i o n .



Figure  3* C olonial b en tgrass  grown in n u tr ie n t  s o lu tio n ,  
which roeeivod d if f e r e n t  amounts o f  a e ra tio n  
(1950  t o s t ) .  From l e f t  to  r i g h t ,  the a e ra tio n  
trea tm en ts  wores no a e r a t i o n ,  medium a e r a t io n ,  
and high a e r a t i o n .

>
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Table 2 .  The in flu en ce  of d if f e r e n t  le v e ls  of a e ra tio n  
on ro o t len gth  and on t o t a l  n itrog en  content  
of C olonial b e n tg ra s s ,  A grostls  ten uis  grown 
in solu tio n  c u l tu r e  during i 9 6 0 .

A eration
• *• •
s Root :

Solu tion t
pH : Aver age N itrogen Content

l e v e l : le n g th : Way 6 •
* Tops : Roots

cu s . •♦ per cent : per cent

Hone 2 6 .0 6 .2 0 3 .1 8 2 .2 5

Medium 3 1 .3 6 .3 5 4 .3 8 2 .6 8

High 3 1 .5 6 .4 0 4 .6 5 3 .6 0

L.S.T). S*/0 lev  el 4 .1 * • • * 0 .5 2 0 .6 5

L .S .D . 1 le v e ln . s . • • • • 0 .7 9 0 .9 0

Table 2 shows th at the pH of aerated  so lu tio n s  

tended to  in crease  more rap id ly  than the pH of the unneratod  

s o lu tio n s .  This in d ic a te s  th a t  the p la n ts  of the aera ted  

c u l tu re s  probably were absorbing a g r e a t e r  t o t a l  q u an tity  

of n i t r a t e  n itrogen  than the p la n ts  in  the unaerated solu 

t i o n s .  A nalysis of the p la n ts  fo r  t o t a l  n itrogon  showed 

th a t  so lu tio n  a o ra tio n  s i g n i f i c a n t l y  in creased  the n itrog en  

con ten t of both tops end r o o t s .

Bosulto Obtained with S o il  Compaction C u ltu res— The e f f e c t  

of s o i l  compaction on th e  growth of C olonial bentgrass in  

0 x 11 inch j a r s  in the greenhouse i s  shown in Table 3 .

The ro o ts  of C olon ial b en tg rass  grown in  3 0 i l  having a 

volume weight of 1 .3 6  had a g r e a t e r  t o t a l  weight and were

rnur—
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more exten siv e  than the ro o ts  grown in s o i l  having a 

volume weight of 1 * 6 4 ,  as shown by Table 3 and Figure 4 ,  

re s p e c t iv e ly *  When e ig h t c lip p in g s  were tak en , th ere  was 

a highly s i g n i f i c a n t  d iffe re n c e  between the clip p in g  

weights of p la n ts  grown in compact s o i l  and th e c lip p in g  

woights of p la n ts  grown in le s s  compact s o i l ;  when th ree  

c lip p in g s  wore token, the d if fe re n c e  approached s i g n i f i 

can ce . The p lan t tops did not show any s ig n if ic a n t  

d iffe re n c e  w ith re s p e c t  to  the volume weight of the s o i l*  

The r a t i o  of  topgrowth to rootgrowth was s ig n if i c a n t l y  

g r e a t e r  fo r  the p la n ts  grown in the s o i l s  with the h igh er  

volume weights than for the p la n ts  grown In the s o l l 3  with  

lower volume weights* G reater frequency of c l ip p in g , com

pared with le s3  froquont c l ip p in g , re s u lte d  in  s ig n if i c a n t  

red u ction s in the dry weights of to p s , r o o t s ,  and c lip p in g s

Trie E f f e c t  of C u ltiv a tio n  on Turf Q u ality— The e f f e c t s  of 

c u l t i v a t i o n  on tu r f  q u a li ty  a re  rep orted  in Tables 4 ,  5 ,  

and 6 in terms of tu r f  rank; c lip p in g  w eights; the q u an tity  

of C olonial b o n tg rasa ; freedom from c lo v e r  and annual b lu e-  

g r a s s ;  end the amount of t u r f  cover*

Clipping weight averages determined in  August, 1950  

fo r  the Frequency of C u ltiv a tio n  Study were s im ila r  fo r  the  

c u l t iv a te d  and u n cu ltiv a ted  p lo ts  (Table 4 ) .  Tho s i x  per  

cent lower y ie ld  of the p lo ts  re c e iv in g  s i x  c u l t iv a t io n s
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Figure  4 .  C olon ial bentgrass grown in  c u ltu re s  th a t
rece iv ed  d i f f e r e n t  i n t e n s i t i e s  of s o i l  c o r r e c 
t io n  end c lip p in g *  From l e f t  to  r i g h t ,  the  
treatm en ts  wore: (1 )  compaction -  8 c l ip p in g s ,  
(2 ) no compaction -  8  c l ip p in g s ,  (3 )  compaction  
-  3 c l ip p in g s ,  and ( 4 )  no compaction -  3  
c lip p in g s*
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Table 4 . Turf q u a li ty  observed on p lo ts  re c e iv in g  two end 
s i x  c u l t i v a t i o n s  ( V e r i f i e r )  p e r  season in fee 
Frequency of C u lt iv a t io n  Study. 1 9 5 0 -1 9 5 1 .

Treatment
"’Clipping"

Weights-*-

: Percentage  
s C olon ial  
: bentgrass*-’

of
•4
*»

Turf Cover 
Annual o 
b lu o g rass2

gms • per cent «
• per cent

No c u l t i v a t i o n 6 8 .8 4 7 ,5 3 1 .3

Two c u l t i v a t i o n s 6 7 .8 4 6 .3 3 3 .8

Six c u l t iv a t io n s 6 4 .3 5 0 .0 3 0 .0

D ifferen ces not s ig n if i c a n t  a t  th e  l e v e l .

^Clipping weights are th e  average dry weight y ie ld  taken  
from a 24-in ch  mower swath through the len gth  of  the 

Op l o t ,  August 2 1 ,  1950*
‘'Average of e s tim a te s  taken March 2 4 ,  1 9 5 1 .

compared with th a t  of the u n cu ltiv ated  p lo ts  did not 

re p re se n t a s i g n i f i c a n t  d i f f e r e n c e .  Estimated p ercentages  

of Colonial b entgrass  and annual b luograss  on c u lt iv a te d  

and u n cu ltiv ated  p lo ts  In March, 1 9 5 1 ,  did not show any 

s i g n i f i c a n t  d iffe re n c e s  or tren d s in fav or of c u l t i v a t i o n .

Numerical ra t in g s  were given f o r  t u r f  q u a li ty  and 

c lo v e r  percentage in 1950 , fo r  the Methods o f  C u ltiv a tio n  

Study (Table 5 ) .  The p lo ts  c u l t iv a te d  with the A e r l f l e r  

and the disk receiv ed  a lower overago r a t i n g  fo r  t u r f  

q u a li ty  than the n o n -cu ltiv e te d  p l o t s ;  the d iffe re n c e s  

between the p lo t3  on which the A e r l f l e r  was used and the  

p lo ts  on which i t  was not used were s t a t i s t i c a l l y  s i g n i f i 

cant* The p ercentage of c lo v e r - in f o s te d  t u r f  was g r e a t e r ,
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Table 5 .  Turf q u a lity  and per cen t c lo v e r  on p lo ts
re c e iv in g  d i f f e r e n t  c u l t i v a t i o n  treatm en ts  in  
the Methods of C u lt iv a t io n  Study. September, 2 8 ,  
1 9 5 0 .

C u ltiv a tio n  Treatment : Turf R atin g1 : Clover R ating2

per cent

No c u l t i v a t i o n 2 .9 20

A o r if ie r  -  2 inches 3 .5 15

A e r i f i e r  -  5 inches 3 .3 16

Disk d r i l l 3 .1 18

L .S .D . 5$ le v e l 0 .3 4 rus*

1 .0  in d ic a te s  the b e st  q u a l i t y .
'The c lo v e r  ra t in g  i s  based on the per c e n t  of the p lo t in  
which c lo v e r  was e s ta b lis h e d .

but n ot s i g n i f i c a n t l y  g r e a t e r ,  on th e  n o n -cu ltiv a te d  p lo ts  

than on the c u l t iv a te d  p l o t s .

Tlia Fairway C u ltiv a tio n  Study was ra ted  fo r  the 

p ercen tag e  of tu r f  c o v e r , c lo v e r ,  and annual b luegrass  

(Table 6 ) .  The c u l t iv a te d  p lo ts  had 0 per ce n t  more t u r f  

c o v e r ,  3 per cen t more c lo v e r ,  and 10 per cen t more annual 

bluegrass than the u n cu ltiv a te d  p l o t s .  However, the d i f f e r 

ences were not s i g n i f i c a n t .  The in c re a s e  in t u r f  cover  

may havo been a s s o c ia te d  with the h ig h e r  annual bluegrass  

r a t in g  gi^?n the c u l t iv a te d  p l o t s .

Turf q u a li ty  ra t in g s  were not given fo r  th e  creep 

ing bontgrass s tu d ie s .  Except fo r  th e  openings c re a te d  in
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Table 6 .  Turf c o v e r ,  p er  cent c l o v e r ,  and por cent  annual 
bluegrasa on c u l t i v a t e d  ( A e r i f i e r )  and on non
c u l t  iv c te d  p lo ts  of the Fairway C u lt iv a t io n  Study*
October 0 ,  I960*

.......... ................................ " ............ : Turf 5 : Annual I
C u l t iv a t io n  Treatment ; Cover1 : Clover^ ihj.uegrass*5

per cen tjp o r  c e n t :  per cent

C u l t i v a t i o n ,  Spring & F a l l  83 1 8 . 1  46

No C u lt iv a t io n  77 1 7 . 5  42

D ifferen ces  not s i g n i f i c a n t  a t  5& l e v e l .

1Turf cover was estimated on the b a s is  of the percentage  
,area covored with g r a s s e s .

‘-The c l o v e r  r a t i n g s  are es tim ates  of the per cent  of the  
. p l o t  in which c lo v e r  was es tab lish ed *
°The r a t i n g s  aro estim ates  c f  th e  percentage of the p lot  

occupied by annual b lu e g ra sa .

the t u r f  by c u l t i v a t i o n ,  no v is u a l  d i f f e r e n c e s  were observed 

between the c u l t i v a t e d  and the u n cu lt iv ated  p l o t s .  The 

r e s u l t s  obtained from t h r e e  a t t a c k s  of  la rg e  brownpatch,

Hhizoctenia s o l a n i ,  on t h is  t e s t  a re  reported in Table 7 .  

Disease r a t i n g s  from c u l t i v a t e d  and u n cu lt iv ated  p l o t s  did 

not show any c o n s i s te n t  or s i g n i f i c a n t  d i f fe r e n c e s  in the  

incidence of l t r  ge brownpatch. An increased r a t e  of n i t r o 

gen f e r t i l i z a t i o n  appeared t o  in cre a s e  the amount of d isease  

on both c u l t i v a t e d  and u n cu lt iv ated  p l o t s ;  however, none 

of the ro a u lt3  d i f fe r e d  s i g n i f i c a n t l y .

With regard to  a l l  t e s t s ,  es tim ates  of tho quantity  

of annual bluegrasa and c lo v e r  f a i l e d  to show s i g n i f i c a n t
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Table 7 ,  The amount of l a r g e  brownpotch, xthlzootonia
a o l a n l t o ccu rr in g  under d i f f e r e n t  nitrogen  and 
c u l t ! v e t  ion tx’eatmenta of the Bentgrass C u l t i 
v a t i o n - - h a t e  of Nitrogen Test* 1950

EsOlaia^^
I n f e c t ! o n t I n f e c t i o n ?  AreaTreatment

: July : Sept. : Sept. 5
per cent per cent sq» in.

No Cultivation (6 .4 lb s . N) 33 29 2656
Cultivation (6 .4 lbs . H) 32 27 3109

No Cultivation (4 .8 lbs. N) 23 21 1450
Cultivation (4 .8 lb s . N) 10 23 2400

No Cultivation ( 3 . 2 lbs . N) 3 24 2120
Cultiv at ion ( 3 . 2 lbs. 13) 7 20 1678

Differenoea not aignifioant at the 5$ level



or c o n s i s t e n t  reductions f o r  th e se  undosirod p le a ts  as 

o r e s u l t  of c u l t i v a t i o n *  No s i g n i f i c a n t  improvement in  

t u r f  q u a l i t y  was produced by c u l t i v e t l o n  on any of t he 

f i e l d  t e s t s *  In f o c t ,  In the Methods of C u l t iv a t io n  

Study, the t u r f  r a t i n g s  for  two of the c u l t i v a t i o n  t r e a t 

ments were s i g n i f i c a n t l y  lower than the t u r f  r a t i n g s  f o r  

the n o - c u l t i v a t i o n  t re a tm e n t .

j-ioanlts t o . t a l n l n j , to  the E f f e c t  of C u lt iv a t io n  on ffeod 

Populations— All of the t e s t  areas  wore v i r t u a l l y  froo  

of dandelions when the t e s t a  were s t a r t e d  In the f a l l  of  

1043* find the spring of 1949* Plant  counts taken In 

1 9 6 0 ,  on c u l t i v a t e d  and u n cu l t iv a te d  p l o t s ,  f a i l e d  t o  

show t h a t  c u l t i v a t i o n  had encouraged a s i g n i f i c a n t  in

c re a s e  in the number of dandelions (Table 8 )*  A heavy 

population of buckbom p la n ts  developed on the Fairway 

C u lt iv a t io n  To3t  during the t e s t  period* The c u l t i v a t e d  

p l o t s  hsd 11 per c o a t  more buckhorn p la n ts  them the  

u n cu lt iv a te d  p l o t s ;  however, th is  d i f f e r e n c e  i s  not 

s i g n i f i c a n t  (Table 8 )*

The quantity  of crabgrass  in the c u l t i v a t e d  and

non-cult,Ivatod p l o t s  of fairway type of t u r f  did not  

d i f f e r  s i g n i f i c a n t l y  f o r  any of the t e s t s  (Table 8 ) .



32

Tcble 8 . Q uantities  of dandelions* c ra b g ra a s ,  end buckhorn 
observed In c u l t i v a t e d  and non-cult  ive ted p l o t s  
of fairway type of t u r f *  1930*

s Average : Average s Average 
Treatment : number of : amount of ,  {number of
__________________ : dandelions terabp;rass* i buckhorn

Frequency of C u lt iv a t io n  Study

No C u l t i v a t i o n 1 7 . 8 326 • • •
Two Cult iv o t i o n s /y e o r 1 5 . 5 435
Six C u l t i v a t i o n s /y e o r 1 6 . 8 323 * ♦ •

Methods cf Cultivation. Study

No C u lt iv a t io n 1.2 77
A e r i f i o r  -  2 inches 1.0 93 « • ♦
A e r i f i e r  -  5 inches 2.1 SB ♦ ♦ *
Disk d r i l l 1.2 105 # * •

Fairway C u ltivation i Study

C u lt iv a t io n 5 5 . 0 30 320
No C u lt iv a t io n 5 2 .0 43 287

D ifferences  net s i g n i f i c a n t  a t  the  S< l e v e l*

The amount of  c ra b g re s s  f o r  the f i r s t  two s tu d ios  is  
recorded a s  an average o f  the number of p lants  counted*  
The r a t i n g s  f o r  the t h i r d  t e s t  ore  average estim ations  
c f  the p er  cent  of oraa in fe s te d  with c re b g ra s s .
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C u lt iv a te d  p lo ts  c f  tho d i f f e r e n t  t e a t s  had from 11 p er  

cent l e s s  crob^raas to  36 per cent m o r c r a b g r n s s  than 

the n o n -cu lt iv e to d  plots# In the Frequency of C u l t iv a 

t io n  T e a t ,  treatm ents  re c e iv in g  s i x  c u l t i v a t i o n s  end no 

c u l t i v a t i o n  hod cn average o f  323 end 326 crab grass  

p l a n t s ,  re s p e c t iv e ly #  In no t o s t  could any marked con

t r a s t s  in the amount of c ra b g ra ss  in c u l t i v a t e d  and 

u n cu lt iv ated  trea tm ents  be recognized by v is u a l  i n s p e c t io n .

The quantity  of c rab grass  found in c u l t i v a t e d  

and n o n -cu lt iv c to d  p lo ts  of creeping bentgrass  t u r f  are  

reported  in Table 9# In the Time of C u lt iv a t io n  Study, 

f i v e  of  the seven c u l t i v a t i o n  treatm ents  had 31 to  59 

per cent loan crabgrass  than tho chock# Spring end 

summer c u l t i v a t i o n  did not show a tendency to  incroaoo  

the amount o f  c r a b g r a s s .  In tho Bontgrass C u l t iv a t io n 

s' e te  of Nitrogen T o s t ,  th© c u l t i v a t e d  t rea tm en ts  had 

12 , 1 7 ,  and 60 por ce n t  more c ro b g rcs s  than t h e i r  resp ec

t i v e  n o n -cu lt iv o te d  c o u n te rp a r ts *  The average number of  

cra b g ra s s  p lan ts  in tho c u l t i v a t e d  p l o t s  of creeping  

bontgrasa t u r f  did not d i f f o r  s i g n i f i c a n t l y  from tho 

number in the n o n -cu lt iv e to d  p lo ts  for  c i t h e r  te s t#
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Table 9 .  The quantity  of crabgrasa  found in c u l t i v a t e d
(A e rif ie d )  end non-oult ivoted  p l o t s  of creeping  
bent t u r f .  August, 1 9 5 0 .

: Average number at
C u lt iv a t io n  Treatment t_______ crabgrass  p lants

Time of C u l t iv a t io n  Study on Bent Turf

130
104

62
61

A o r l f i e r
Spring A: F a l l  65
Surmne r  & F a l l  40
Spring, Summer, & F a l l  68

Chock--no c u l t i v a t i o n  98

Bentgraas C u lt iva t ion -R o te  of  Nitrogen Test

No C u lt iv a t io n  ( 6 . 4  lb a .  of N) 22
C u lt iv a t io n  ( 6 . 4  l b s .  of N) 37

No C u lt iv a t io n  ( 4 . 3  l b s .  of N) 17
C u lt iv a t io n  ( 4 . 0  l b s .  of N) 19

No C u lt iv a t io n  ( 3 . 2  l b a .  of N) 52
C u l t iv a t io n  ( 3 . 2  l b s .  of N) 61

D ifferences  not s i g n i f i c a n t  at  the 5$  l e v e l*

A e r i f i e r
Spring
Summer
F a l l
Spring L  Summer

T3RT



n o su its  c f  Water P en etra tio n  T e s t s --W atcr  p e n e tr a t io n  

r o t e s  obtained on c u l t i v a t e d  and n o n -cu lt lv o te d  t u r f  a re  

reported  In Tablo 1 0 .  No s i g n i f i c a n t  d if fe re n c e s  were 

found between the r a t e s  of w ater  p e n e tra t io n  on c u l t i v a t e d  

and n o n -cu l t iv a te d  t u r f  for  any of the four s tudies  on 

which measurements were tak en .  The maximum in cre a s e  in  

p e r c o l a t i o n  r a t e s  was 18 p e r  c e n t ,  and the maximum d ecrease  

In p e r c o la t io n  r a t e s  was 50 p e r  cen t  f o r  the c u l t i v a t e d  

p l o t s ,  compared with the u n cu lt iv ated  p lo ts *  There was a 

trend fo r  the p e r c o la t io n  r a t e s  to  be lower on the c u l t i 

vated p l o t s  than on the u n c u lt iv a te d  p l o t s  of both the 

Fairway C u lt iv a t io n  Study and the Time o f  C u lt iv a t io n  Study 

on Bent grass  Turf* This trend. I s  of I n t e r e s t ,  s ince  these  

t o o t s  would appear t o  o f f e r  the g r e a t e s t  opportunity f o r  

c u l t i v a t i o n  to improve the p e r c o l a t i o n  r a t e .  In the f i r s t  

t e a t ,  the s o i l  i s  of the h e a v ie s t  t e x t u r e  found on any of  

the t o s t a  ( c l a y  loam ),  and i t  re c e iv e s  heavy fairway t r a f 

f i c .  The s o i l  o f  th e  second t e s t  a rea  has a tendency to  

bo more compact as a r e s u l t  o f  the h igher  water usage and 

the in creased  mower t r a f f i c  th a t  I s  a s s o c ia te d  with the  

p utt in g -g re e n  type of  t u r f  maintenance. Also, t h i s  l a t t e r  

area  has been t r e a t e d  with arsonate  of le a d ,  which has 

destroyed most of  the earthworm population.

The w ater  p e n e tra tio n  r a t e s  fear the Fairway C u l t i 

vation  Tost are  assembled according to  chemical topdrossing
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Table 10* Water p e n e tr a t io n  r a t e s  on c u l t i v a t e d  and non- 
c u l t i v o t e d  p l o t s  of fa irw ay and p u t t in g -g r e e n
type of t u r f * F a l l ,  1 9 5 0 .

C u l t i v a t i o n  Treatments

: Number 
: of 
t C u l t i -  
svationa

: T i m o t  
isin ce  : Water  
: C u l t i - : p e n e t r a t i o n  
rv a t io n :  r a t e -1

days :c c/cm^/mln.

Frequency of C u l t i v a t i o n  Study
September, 1 9 5 0

ffo C u l t i v a t i o n • « ♦ • ♦ 3 .9 5
Two C u l t i v a t i o n s 3 177 3 . 8 6
Six C u l t i v a t i o n s 11 32 4 .3 3

Method of C u l t i v a t i o n  Study
September 3 0 ,  1950

No C u l t i v a t i o n • « ♦ • ♦ 3 . 3 1
A e r l f i o r  -  2 inches 4 184 3 . 6 9
Aorifioi* -  5 inches 4 184 3 .0 9
Disk d r i l l 4 184 3 . 4 3

Fairway C u lt iv a t io n Study ,
October 1 3 ,  1 9 5 0

No C u l t i v a t i o n • « • • • ' 1 . 4 4
A o r i f i o r 7 186 . 1 .0 9

Tlrno of C u l t i v a t i o n Study on Bentgrass Turf
November 1 4 ,  1950

A e r i f i e r
Spring 2 224 0 . 6 5
Summer 2 115 0 .7 1
F a l l 3 50 0 . 5 6
Spring & Summer 4 115 0 . 5 1

A e r i f i o r
Spring & F e l l 5 50 , 0 . 8 2
Summer & F a l l 5 50 0 . 3 8
Spring ,  Summer, & F a l l 7 50 0 . 5 5

Chock -  no c u l t i v a t i o n • • 0 , 7 5

D iffe re n ce s  not s i g n i f i c a n t  a t  th e 5$ l e v e l •

■̂ The average p e n e t r a t i o n  r a t e  is  based on 00 , 1 6 0 ,  2 4 0 ,
and 60 c y l i n d e r  readings f o r  the r e s p e c t i v e t e s t s .
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treatm ont in Tablo I X * * The plots-  r e c e i v i n g  lime and lime
77 * (> ■; V •• • *'• ' // :i - > ", V,' ;■ : ’

plus gypsum had 25 and 13 por  c e n t  h i g h e r  w ater p e n e t r a t i o n  

r a t o 3 , r e s p e c t i v e l y , - t h a n  t h e  p l o t s  r e c e i v i n g  f e r t i l i z e r
• ;■ : ■ V. . >• . ■ ' .. .

on ly .  While the d i f f e r e n c e s  a r e  not s i g n i f i c a n t ,  t h e '  

r e s u l t s  show a r a t h e r  c e n s i s t e n t  trend f o r  more rap id

water p e n e t r a t i o n  on t h e  lime t r e a t e d  p lots#
. •. :>7 ; | 7 i ; 7 7 > 7 / 7 ’7 7 ; :■ . ; -V'0 7 .; y ■;

Table 11* The e f f e c t  of l im e and gypsum on th e  p e n e t r a t i o n  
r o t e  o f  water in to  e s t a b l i s h e d  t u r f  of the  
Fairway C u l t i v a t i o n  Study# October 1 3 ,  1950#

Treatment

t '■■■' Water P e n e tr a t io n  Hate
4  iT 'T W on-' 1 T . - ■ • 7  '

i c h l t l v a t o d  sC ultiv ated  s Average
F l o t s Plolj s Rate

cc/cm^/min. cc/caVm in# cc/cm^/rain#
. 7 / . •; ' * ' ;' ; y.y:: V-;'1 ; v

F e r t i l iz e r  ' 1 ,2 2  11*02 I f .11 ,
V. r-7 '/-yy n ■> - •• •• «  7 7  V. 7  •- - ■

L im o -fo rtlliz o r 1*61. 777 ' 7  11,0)9 1«3G5

Gyps un-1 irno - f  o r  t  i l i  z or 1 ,5 5  7 7 ;. 1 ,0 6  -1.26

D ifferences not s ig n ifica n t a t the 5$  level#

R e s u lts  of PyO?; T o st£— Tho e f f e c t s  o f  c u l t i v a t i o n  on tho  

p e n e t r a t i o n  r a t e s  o f  phosphorus a r e  given  in  Tablo 12*  

A vailable  phosphorus, i a  re p o r te d  f o r  samples taken a t  0 - 2 ,
» * - ■: ■ ,.•■7 y :r ; 7  ’ 7' 7  ; 7  ; • ’’ r' ' ■ 'V -v '  4 ' ’ • ’ , ' ' '■

2 - 4 ,  and 4 - 6  inch s o i l  depths from f e r t i l i z e d  t u r f  of the
‘ 1. ‘ v ■ p ' ' ■"* '. . j, *i • • • • • ■ 1 ' : f , • \

Fairway C u l t i v a t i o n  Study#7  S t a t i s t i c a l  a n a l y s is  of tho
M - • . S tr ■ \ ■

• ■ • ;V. .• • ■ ■
r e s u l t s  obtained f o r  the s p r in g  of  1949  and tho spring and

’/• ‘ ■} * ; ■ ‘- 7  * y- ' ;
f a l l  c f  1950  did n o t  show s i g n i f i c a n t  d i f f e r e n c e s  in the

■ .• i ■■ ;• 7*‘ ' ■ ’ ’ ’ ' ■* v •• ‘ ’ ’ f :

amount of a v a i l a b l e  phosphorus f o r  samples taken  from
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Table 1 8 .  Asunraary of tho o f f e c t s  of c u l t i v a t i o n  
( A o r i f i o r ) on tho p enetration  r a t e s  of  
phosphorus into  tho sod of the Fairway  
C u lt iv a t io n  Study. 1949-1950*

C u lt iv a t io n
Treatment

: Depth : Avail* ihosu tf'pQR) Per Acre**
! of 1 
sSamples

Spr in* 
1949

F o i l
1949

Spring
1950

F a l l
1950

2 y r .  
av.

inches lbs • l b s . l b s . i b s . l b s .

Cult Iv at  Lon 0-2 21*9 2 6 . 9 4 5 . 5 5 6 ,7 3 7 . 8
No C u l t iv a t io n 0-2 2 0 . 9 1 7 . 7 4 3 , 4 5 9 . 5 3 5 .4

C u lt iv a t io n £-4 7 . 3 8,0 9 . 6 1 3 . 0 9 . 5
No C u l t iv a t io n 2 -4 7 . 0 7 . 8 1 0 . 5 1 3 , 3 9 , 3

C u lt iv a t io n 4-6 6.2 5 . 4 6.2 3 , 3 6 . 5
No C u l t i v a t i o n 4 -6 5*7 4 , 0 5 . 9 9 . 9 1r 6 . 4

•̂ The' v alAie's™' give n ‘are'""the average nf" tho three subplots
re c e iv in g  phosphorus f e r t i l i z e r *  The values  for the F e l l ,  
1 0 4 9 ,  t e s t s  are  tho average of two r e p l i c a t i o n s , and those  
f o r  the o th e r  seasonal  t e s t a  a r e  the average of four
r e p l i c a t i o n s *  Analysis of the Spring, 1 9 4 0 ,  and the 1950  
r e s u l t s  did not show any s t a t i s t i c a l  d if fe re n c e s  at the
5;C l e v e l .

c u l t i v a t e d  and n o n -c u l t iv a te d  t u r f *  Table 1 8  and Figure 5

i l l u s t r a t e  the r e s u l t s  obtained in the two-year p e r io d ,<
which show a r a t h e r  c o n s i s t e n t  trend for  the phosphorus 

readings to  be higher in  tho 0-2 inch s o i l  horizon of the  

c u l t i v a t e d  p l o t s  than o f  the u n cu lt iv ated  p l o t s .  This was 

r e f l e c t e d  in the tw o-year average as a 6 p e r  cent  I n c re a s e .  

The two-year averages  of P2O5 a t  the 2 -4  and 4 -6  inch l e v e l s

were very s i m i l a r  f o r  the c u l t i v a t e d  p l o t s  and the non-

culfclvuted p lo ts *
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The a v a i la b le  phosphorus readings for  u n f e r t i l i z e d  

p l o t s  of c u l t i v a t e d  end n on -cu lt  iv at ed t u r f  a re  given i n  

Table 13* The c u l t i v a t e d  p l o t s  gave 3 0 ,  £6 , and 2 per cent  

higher phosphorus values in the 0 - 2  inch, 2 -4  inch ,  and 

4 - 6  inch s o i l  h orizo n s ,  r e s p e c t i v e l y ,  than the u n cu lt iv a te d  

p l o t s *  In a d d it io n ,  Table 13 and Figure 6 show a trend  

f o r  the phosphorus readings t o  be higher in the 0-2 end.

2-4  inch horizons of the c u l t i v a t e d  p l o t s  than in the  

corresponding horizons o f  the u n c u lt iv a te d  p l o t s *  The 

a v ailab le  phosphorus readings of the 0-2 inch depth of the  

1950 sprin g  t o s t  were s i g n i f i c a n t l y  higher f o r  th e  c u l t i 

vated treatment than for  the u n cu lt iv a te d  treatment*

Table 1 3 .  Available phosphorus in samples c o l l e c t e d  a t  
throe s o i l  depths from u n f e r t i l i z e d  p lo ts  of  
c u l t i v a t e d  and n o n -cu l t iv a te d  t u r f  of the F a i r 
way C u l t iv a t io n  Study* 1949-1950*

r : Depth I Available PgQc," pe r  aery " " " *
C u l t iv a t io n  : of t""Spring r a i l  Spring F a l l  S-yoar
Trco trsent : Sample: 1949 1949 1950 1950 average

Inches lbs* Xbs. lbs • l b s . Xbs,....

C u l t iv a t io n 0-2 20.8 1 8 . 0
r\

17.5*" 1 6 . 0 1 8 .1
Do C u l t iv a t io n 0-2 1 3 . a 20.0 10.0 11*8 1 3 , 9

C u lt iv o t  ion 2-4 8.0 6.0 7 . 3 7 . 0 7 , 1
Do C u l t iv a t io n 2-4 6 . 3 5 . 0 4 . 0 7 . 0 5 . 6

C u l t iv a t io n 4 -6 5 . 3 5 . 0 5 . 5 4 . 5 5 , 1
JJo C u lt iv a t io n 4 -6 4 . 5 5 . 0 5 . 3 5*0 5 . 0
------------------- ---- ----------- -------- ---------------------------- *----------------- ------------ ---------"" --
XA11 values except those f o r  F a l l ,  1 9 4 9 ,  a re  the average  

of four r e p l i c a t i o n s *  The values given for  F a l l ,  1 9 4 9  
are the ovorage o f  two r e p l i c a t i o n s *

2Tho treatm ent d i f f e r s  s i g n i f i c a n t l y  from th e  check a t  the 
5$ l e v e l .  S t a t i s t i c a l  t e a t s  woro not run on the  values  
for  the f a l l  of 1 9 4 9 ,  end those of the two-year average*
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The r e s u l t s  of the s o i l  t e s t s  for  phosphorus on

tho Fairway C u l t iv a t io n  Stueiy wore assembled according to
*

chemical t re a tm e n t  in Table 1 4 ,  The a v a i l a b l e  phosphorus 

readings were s i g n i f i c a n t l y  h ig h e r  on f e r t i l i z e d  p l o t s  

than on u h f e r t i l l z e d  p l o t s  a t  the 0 - 2  and 2-4  inch depths 

in the spring of 195 0 ,  and a t  a l l  depths in tho f a l l  o f  

1950* In tho f a l l  of 1 9 4 9 ,  a t  tho 2 -4  inch s o i l  depth,  

the use of gyp sura and limo with f e r t i l i z e r  gave a 90 per  

cont higher a v a i la b le  phosphorus reading than the check#

This suggests  th a t  chemical treatment may have given  

ap p reciab le  in cre a s e s  of a v a i la b le  phosphorus at the 2 - 4  

inch depth a f t e r  12 months* Table 14 a ls o  shows a genoral  

trend fo r  t h e  a v a i la b le  phosphorus readings t o  be highest  

in the samples o o l le c to d  from tho f e r t i l i s e d  p l o t s  th a t  

re c e iv e d  a d d it io n a l  treatment c f  lime and gypsum. The 

combination of lime plus gypsum plus f e r t i l i z e r ,  which 

g e n e r a l l y  gave higher a v a i la b le  phosphorus readings than 

l i i .o  plus f e r t i l i z e r ,  gave s i g n i f i c a n t l y  h igher  readings  

fo r  tho 0 - 2  and 4 - 6  inch depths in tho f a l l  of 1950#

The ptl value s f o r  tho Fairway C u lt iv a t io n  Study— Tho e f f e c t s  

of lime a p p lica tio n  on the s o i l  pH of c u l t i v a t e d  and non

c u l t  ivsted  t u r f  are  given in  Table 15 and Figures  7 and 8 .

In every seasonal  comparison, the average pH readings of 

n o n -cu l t iv a to d  p l o t s  were s l i g h t l y  higher than those of the
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Table 1 4 .  The e f f e c t  of f e r t i l i z e r ,  l im e ,  and gypsum
treatm ent on the a v ai lab le  phosphorus content  
of s o i l  samples taken a t  th re e  depths of the 
Fairway C u lt iv a t io n  Study. 1 9 4 9 -1 9 5 0 .

.Depth i Available PoÔ ' per acre-*-
Tree tment : of : 

: Sample:
Spring

1949
' T a l l "

1949
Spring
1950

F a l l
1950

2-y o a r
average

: in c h e s : l b s . lbs* i t s * l b s . lb s*

Check 0-2 1 7 . 3 1 9 . 0 1 3 . 6 1 3 , 9 1 6 .0
F e r t i l i z e r 0-2 1 9 .9 1 6 . 5 3 3 ,1 5 2 .0 3 0 .4
Lime F e r t i l i z e r 0-2 2 1 . 9 2 1 .7 4 9 .3 5 8 .1 3 7 .8
Gypsum lime 

f e r t i l i z e r 0-2 2 2 . 5 2 7 . 5 5 1 ,0 6 4 .4 4 1 . 4

L • S • D, S/£ le v e l n .3 . # * » ♦ 10.2 1 2 .4 . . . .
L .S .D .  1 l e v e l n . s . « . • * 1 4 . 6 1 7 . 8 * • • ♦

Check 2 -4 7 . 1 5 . 5 5 . 6 7 , 0 6 . 3
F e r t i l i z e r 2 -4 6.6 6 , 3 8.8 1 2 . 9 9 . 0
Lime f e r t i l i z e r 2 -4 7 . 3 5 . 5 9 . 6 1 5 .3 9 . 4
Gypsum lime  

f e r t i l i z e r £-4 7 . 5 12.0 11.0 1 1 .9 10.8
L.S.D . b l% l e v e l n.s# • ♦ » * 3 . 7 4 . 0 * # • •
L .S .D .  1 l e v e l n .s  • • * M n . s . 5 . 3 . . . .

Check 4 - 6 4 . 9 5 . 0 5 . 4 4 . 8 5 , 0
F e r t i l i z e r 4 -6 6.0 4 . 3 5 , 6 8.0 6.0
Lime f e r t i l i z e r 4 - 6 5 . 5 4 , 3 6 . 9 8.0 6,2
Gypsum lime 

f e r t  i l  i z e r 4 - 6 6 . 3 5 . 0 5 . 5 11. 3 7 . 0

L .S .D . 5/i l e v e l n . s . # # # * n.s# 3 . 2 ♦ ♦ ♦ #
L .S .D .  1% l e v e l n . s . ♦ ♦ • # n . s . 4 . 5 # • * ♦

The values for  F a l l ,  194 9 ,  ore the average of two r e p l i 
c a t i o n s ,  and those o f  the o th er  seasonal  t e s t s  are  the  
average of fo u r  r e p l i c a t i o n s *  No s t a t i s t i c a l  a n alysis  
was made f o r  the F a l l ,  194 9 ,  or the two-year average*



Table 1 5 . The averego pH values of c u l t i v a t e d  and non- 
c u l t i v a t e d  p l o t s  of limed and unlimed t u r f  
of the Fairway C u l t iv a t io n  Study# 1 9 4 9 -1 9 5 0 .

C u l t iv a t io n
Treatment

: Depth : Average pH valued
: of s 
: Sample:

Spring : 
1949 J

F a l l  : 
1949 :

Spring
1950

: F a l l
i 1950

: in c h e s :

Limed P lo ts •

C u lt iv a t io n 0-2 6 .1 3 5 , 6 0 6 ,0 3 6 ,2 5
No C u lt iv a t io n 0-2 6 . 1 5 5 .6 5 6 . 3 0 6 .3 0

C u l t i v a t i o n 2 -4 5 .7 8 5 ,4 0 5 , 8 0 5 . 9 8
No C u l t iv a t io n 2-4 6.00 5 . 7 0 6 . 2 3 6 .2 3

C u l t i v a t i o n 4 - 6 5 , 7 3 5 , 5 0 5 .7 8 5 , 0 8
No C u lt iv a t io n 4 - 6 5 . 9 8 5 .7 0 6.20 6 .1 3

Unlimed P l o t s ~

C u lt iv a t io n 0-2 5 .7 0 5 , 3 5 5 . 5 5 5 ,5 8
No C u l t i v a t i o n 0-2 5 , 8 3 5 . 8 5 5 . 8 3 5 . 7 8

Cultiv at ion 2-4 5 .0 0 5 , 3 5 5 . 6 5 5 .6 3
No C u l t iv a t io n 2-4 5 . 9 3 5 . 9 5 5 .9 8 5 ,9 8

C u l t iv a t io n 4 -6 5*70 5 .5 0 5 .7 3 5 .7 0
No C u lt iv a t io n 4 -6 5 . 8 8 5 .9 0 5 . 9 3 6 .0 3

^All values  a r e  the average of fo u r  r e p l i c a t i o n s ,  except  
those f o r  F a l l ,  1 9 4 9 ,  which are th*> average o f  two 
r e p l i c a t i o n s .





; m  m

m



-  47 -

c u l t i v a t e d  p l o t s .  The pH values are assembled t o  show th e  

e f f e c t  of lime treatm ent in  Table 1 6 .  After 13 months, 

so.iie of the limed p l o t s  showed higher  pH values at  the  

2 -4  inch depth than the check p l o t s .  After 24 months, 

no e f f e c t s  of lime a p p lic a t io n  were apparent a t  the 4 - 6  

inch depth*

i
Soil  A1r Spaco and S oil  Volume Weights Determined f o r  the 

Frequency/ of C u lt iv a t io n  Study— Table 17 gives the s o i l  

a i r  space readings and the volume weights obtained from 

t u r f  r e c e iv in g  d i f f e r e n t  amounts of c u l t i v a t i o n .  The 

samples taken from c u l t i v a t e d  t u r f  had c o n s i s t e n t l y  lower  

a i r  3pace readings and h ig h e r  volume weights than the  

samples taken from the u n cu lt iv ated  t u r f *  Analysis of the  

r e s u l t s  did not show any s i g n i f i c a n t  d i f fe re n c e s*

hoot Weights Obtained from th e  Fairway C u lt iv a t io n  Study—
«■ ii i n mu ii m n » .......................'Mm mm*mm mmtmmmmmmmnrnmimtmm   w in  mmmumimm i s m ■—  ■■■■■ns m mn\t i mmmmmntm w m .i- iw i.w y jl i i i i

Rootgrowth, topgrowth, and thatch  determinations made on 

samples takon f r a a  c u l t i v a t e d  and n o n -cu lt iv a ted  p lo ts  of  

the Fairway C u lt iv a t io n  Study are given in Table 1 3 .  A 

t o t a l  of 40 root  samples, from the 1 . 2 5 - 6  inch horizon of  

tho c u l t i v a t e d  p l o t s ,  yielded 6 per  cent more dry weight 

than s im i l a r  samples taken from uncult ivated  p l o t s .  The 

p lant  top y ie ld s  and tho thatch  oentont of the 0 -1 * 2 5  inch 

surface  la y e r  were 10 and 8 per  c e n t  h igher ,  r e s p e c t i v e l y ,  

on the c u l t i v a t e d  p l o t s .  Non© of these diffei 'ences were 

s i g n i f i c a n t *
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Table 1 6 .  The e f f e c t  of lime a p p lic a t io n  on the s o i l  pB 
of the Fairway C u lt iv a t io n  Study* 1949-1950*

i 'Depth i Aver■ope pH Value-*'
Treatment 5 o JT * S p r i n g ' m r Soring "P a l l

iSampl©: 1949 1949 1950" 1950
inches

C u lt iv a te d r i o t s

Check 0-2 5 . 8 0 5 , 7 0 5 . 9 3 5 , 0 0
F e r t i l i z e r 0-2 5 . 7 0 5 . 3 5 5 ,5 5 5 . 5 0
L Im e -fo r t11Izor 0-2 6 . 1 3 5 ,6 0 6 .0 8 8 . 2 5
Gypauin-1 Imo-fort  i l i z e r 0-2 6 . 2 5 6 , 10 . 6 . 3 0 6 . 2 3

Chock 2 - 4 5 . 8 3 5*75 6 .9 8 5 , 9 8
f e r t i l i z e r 2 -4 5 . 8 0 5 . 3 5 5 . 6 5 5 , 6 8
I . i r e - f e r t l l i z j r 2 -4 5 . 7 8 5 . 4 0 5 . 8 0 5 , 9 8
Cypsum-1ime-fo r t l l i a e r 2 -4 6*00 6 .9 0 6 .0 8 6 . 0 8

Check 4 - 6 5 , 8 0 5 . 0 5 6.00 6 .0 3
F e r t i l i s e r 4 —6 5 . 7 0 5*50 5 . 7 3 5 , 7 0
1.1 mo - f e r t i l i z e r 4 - 6 5 . 7 3 5 , 5 0 5 .7 8 5 ,8 8
Gypsum-1im e -f © r t11i a e r 4 - 0 5 .8 3 5 . 7 5 5 .9 5 5 . 9 3

Non-C u lt iv a te d  P lo ts

Check 0-2 5 . 0 8 6.20 5 . 8 5 5*85
F e r t i l i z e r 0-2 5 .8 3 5 . 8 5 5 . 8 3 5 .7 8
L i m e - f e r t i l i s e r 0-2 6 , 1 5 5 . 6 5 6 . 3 0 6 . 3 0
C yp a uia-13. m o - f e r t i l i z e r 0-2 6,20 5 . 8 0 6 . 2 5 6.20
Chock 2-4 5 . 9 0 6.20 5*98 6.00
P o r t i l i z e r 2—4 5 , 9 3 5 . 9 5 5 .9 3 5»98
L i m e - f e r t i l i z e r 2 -4 6.00 5 , 7 0 6 . 2 3 6 .2 8
Gyp s u i s - l i o - f  o r 1 11 I z e r 2 - 4 6 . 0 5 5 . 8 5 6 .0 3 6 .1 3

Chock 4 -6 5 . 9 0 6 . 2 5  . 6,00 6*05
F e r t i l i z e r 4—6 5 , 0 8 3 . 9 0 5 .9 3 6 . 0 3
L l f t o - f e r t l l l s e r 4 -6 5 , 9 8 5 .7 0 6.20 6 . 1 3
Gyp sum-1 i t . G - f o r t l l i z o r 4 - 6 5 . 9 5 5 .9 0 S .98 5 .9 0

1A13 pi! values re p re s e n t  an average of fo u r  r e p l i c a t i o n s *  
except those fo r  F a l l ,  1 9 4 9 ,  which are  the average of two 
r e p l i c a t i o n s *



Table 1 7 . S o i l  a i r  space and s o i l  volume 
weights determined f o r  t u r f  r o c e i v -  • 
ing d i f f e r e n t  amounts of c u l t i v a t i o n  
in the Frequency of C u lt iv a t io n  
Study. November, 1 9 5 0 .

Cult ivat ions 
per season

: Depth : Days : :
: of : s in ce  : Air : Volume 
{Sample { C u l t i v a t io n :  Space:£:e ight
inches %

Hone 1 - 4 ♦ ♦ 2 3 .2 1 .4 7

Two 1 -4 54 21.8 1 . 4 8

Six 1 -4 54 2 1 .5 1 .4 9

D ifferen ces  not s ig n i f i c a n t  at 5% l o v e l .

Tablo 1 0 .  Rootgrowth, topgrovrth, and th a tc h  determinations  
made on c u l t i v a t e d  and n o n -c u l t iv a tc d  p lo ts  of 
the Fairway C u l t i v a t i o n  Study. Octobor, 1 9 5 0 .

C u lt iv a t io n  : 
Treatment :

Topgrcwth 
of snmplos

: Thatch : Weight of ro o ts  
: ( 0 - 1 . 2 5  i n c h ) : ( 1 * 2 5 - 6  inches)

gma. gms. gma.

C u l t i v a t i o n 8 . 0 3 5 3 .6 8 7 . 2 5

No C u l t i v a t i o n 7 .3 1 4 9 .8 5 6 .7 0

D ifferences  not s i g n i f i c a n t  a t  5£ l e v e l .
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DISCUSSION OF RESULTS

Colonial b en tg ra a s ,  grown in s o lu t io n s  with 

oxygen tension readings as low as 0 . 2 5  p .p .m . ,  had l e s s  

exte n siv e  rootgrowth; an increased top to  root  r a t i o ;  end 

a lower percentage of nitrogen than c u l t u r e s  t h a t  were 

grown with an oxygen tension o f  approximately 4 . 6  p.p.m.

The low n itrog en  content of the p lan ts  grown in  unaerated  

s o lu tio n  suggests th a t  they f a i l e d  to absorb Ions as f r e e l y  

because of an inadequate oxygen supply; or p ossib ly  t h e i r  

smaller r o o t  systems provided le ss  surface  fo r  absorption  

of n u t r i e n t s .  The f i r s t  premise o f f e r s  the best  explanation  

s in ce  in v e s t i g a t i o n s  with o th e r  p la n ts  have shown that  an 

adequate supply of  oxygen is  necessary  f o r  both cation  and 

anion accumulation ( 2 1 ,  4 2 ) .

Colonial bentgrass  in so lu tio n  c u l tu re  did not 

show increased  growth with oxygon tensions g r e a t e r  than  

4 p .p .m . ,  but i t  did show considerable  a b i l i t y  to  make 

s a t i s f a c t o r y  growth with oxygen tensions as low as 1 t o  2 

p.p.m . In c o n t r a s t ,  tomatoes, soybeans, and o a t s  have 

shown marked growth in cre a se s  with oxygen l e v e l s  of 6 p.p.m,  

and higher  ( 1 9 ) .  Tests  with Kentucky bluegroas ( Poa 

p r a t e n s i3 ) end Chewing's fescue (Festu ca  ru b ra ) have in d i 

cated  th a t  these gra sse s  t o l e r a t e  comparatively low oxygen 

l e v e l s  ( 1 6 ) .  Thus, th e  t u r f  gra sse s  appeer t o  be more
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t o l e r a n t  of  low oxygen te n sio n  in so lu tio n  c u l tu re  then 

some of  the other crop p l a n t s .  In f a c t ,  the r e s u l t s  

obtained with Colonial bentgrass  suggest t h a t  under 

c e r t a i n  conditions fresh  w ater ,  moving through the s o i l ,  

could supply enough oxygen to  prevent in ju ry  to  the plant*

The reduced rootgrowth of Colonial bentgrass  in 

the compacted s o i l  may have been caused by a low oxygen 

supply, or by decreased a b i l i t y  of the s o i l  organisms to  

supply n u t r i e n t s .  Since decreased rootgrowth was the 

p r i n c i p a l  response of the grass  t o  s o i l  conpectlon ,  t h i s  

r e s u l t  probably was produced p r im a r i ly  ny a low oxygen 

supply. These r e s u l t s  shew t h a t  u n s a t i s f a c t o r y  root  

development may occur on s e v e re ly  compacted s o i l .  An in 

adequate root  system may e a s i l y  have as serious e f f e c t s  

on t u r f  maintenance as do decreased a c t i v i t y  of the s o i l  

organisms 8n(  ̂ water runoff  t h a t  leads to drought or to  lo s s  

of f e r t i l i z e r  and l im e .

I t  seems l o g i c a l  to  expect  t h a t  t u r f  c u l t i v a t i o n  

mig,ht encourage the movement of w ater  in to  es tab lish ed  

t u r f  sod. Y e t ,  the  r e s u l t s  do not show that c u l t i v a t i o n  

produced any s i g n i f i c a n t  changes in  the p en etra tio n  r a t e .  

Since two of the fo u r  t e s t a  showed negative r e s u l t s ,  i t  Is  

of i n t e r e s t  t o  consider  some f a c t o r s  t h a t  may have been 

re sp o n sib le .  A r a t h e r  c o n s i s t e n t  tendency was observed 

for  water penetration  to  be slower on the c u l t i v a t e d  p lo ts
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than on tho u n cu lt iv a te d  p lo ts  of the Fairway C u l t iv a t io n  

Study. This area had the h e a v i e s t  s o i l  and a t u r f  th a t  

h a3 been e s ta b l ish e d  approximately 15 y e a r s .  These condi

t io n s  might lead on© to  expect  the best  r e s u l t s  from 

c u l t i v a t i o n  for th is  t e s t .  In s te a d ,  the r e s u l t s  wore more 

fa v ora b le  on the younger t u r f  that had a l i g h t e r  s o i l  

t e x t u r e .  Consideration of tho f a c t o r s  concerned wi th 

water p e n e tra t io n  Into the s o i l  may o ffer  some explanation  

for  those r e s u l t s ,  which seem c o n t r a d ic t o r y  t o  exp ecta tion s*  

Continuous pore spaces in  th e  s o i l  ere Important fo r  rapid  

movement o f  w ater  through the s o i l  ( 3 4 ,  44 ,  4 5 ) .  Nelson 

and Haver (34)  s t a t e  t h a t  v i r g in  s o i l s ,  or those which 

have not been c u l t i v a t e d  f o r  a number of y e a r s ,  are l i k e l y  

to  have a more continuous pore system than disturbed s o i l s .  

Since the s o i l s  of the Fairway C u lt iv a t io n  Study were of 

a c l a y  loam t e x t u r e ,  c u l t i v a t i o n  may have c losed  channels  

that  otherwise would remain open f o r  a considerable period  

of t  imo•

. Water p e n e tra tio n  readings from the Tine of C u l t i 

vation  Study on creeping b entgrasa  t u r f  showed th a t  l o c a t i o n  

in the t e s t  area was f a r  more c r i t i c a l  than c u l t i v a t i o n  o:r 

tho lack  of c u l t i v a t i o n .  Individual c y l in d e r  readings f o r  

b given plot were very  uniform compared with those obtained  

in other t e s t s .  S t i l l ,  s e v e ra l  of the p lo ts  showed abnormal 

b ehavior .  The c u l t i v a t e d  p l o t s  n earest  the odge of the
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t e s t  had water p e n e tr a t io n  r a t e s  tw ice  those of  o th e r  

c u l t i v a t e d  j l o t s ,  although no readings wore taken  c lo s e r  

than four f e e t  from the edge of the maintained area*

Since the g r e a t e s t  d i f f e r e n c e s  between p lo ts  depended upon 

lo c a t io n  r a t h e r  than c u l t i v a t i o n ,  I t  is  unlikely  t h a t  the 

c u l t i v a t i o n  treatment a did much to in crease  the water  

p e n e tr a t io n  r a t e s  on t h i s  t e a t *

Since a l l  lime and phosphorus a p p l ic a t io n s  were 

mode follow lng c u l t  l v a t l  on, a l im i te d  amount of these  

chemicals should f a l l  in the c u l t i v a t i o n  p e rfo ra t io n s *  

However, the r e s u l t s  obtained in t h i s  study do not in d ic a te  

t h a t  an appreciable  amount entered the s o i l  in t h is  mamer,  

or th a t  lime and phosphorus penetrated  the s o i l  more rapidly  

on the  c u l t i v a t e d  t reatm ents*  While these r e s u l t s  do not  

show any b e n e f i t  from c u l t i v a t i o n ,  i t  i s  s t i l l  p o ssib le  

that  c u l t i v a t i o n  may in c re a s e  the r a t e  of movement of lime 

and phosphorus in to  s o i l s  that  ore highly compacted or of 

heavy t e x t u r e .  Also, the r e s u l t s  should vary with the  

c u l t i v a t i o n  technique*

Since a s t r a i g h t  l in e  re l a t i o n s h i p  e x i s t s  between 

d iffu sio n  r a t e s  of  a i r  and s o i l  p o ro s i ty  ( 6 ) ,  the a i r  space  

readings may be considered an i n d ic a t io n  o f  the r a t e  of a i r  

movemont i n to  the s o i l *  The f a i l u r e  of p lo ts  re c e iv in g  s i x  

c u l t i v a t i o n s  t o  show lower volume weights or g r e a t e r  amounts 

of s o i l  a i r  space then the u n cu l t iv a te d  p l o t s  suggests th at



54 -

c u l t i v a t i o n  'did not provide l a s t i n g  improvement of s o i l  

a e ra t io n *  Also, the f a i l u r e  of t u r f  c u l t i v a t i o n  to  

encourage a s i g n i f i c a n t  increase  in  the p e n e tra tio n  r a t e s  

of water end phosphorus supports t h is  statement* These 

r e s u l t s  are co n tra ry  t o  some e x p e cta t io n s*  However,

B ra d fic ld  ( 8 ) ,  in r e f e r r i n g  to o th er  c r o p s ,  questioned  

the p o s s i b i l i t y  of developing a t i l l a g e  treatm ent f o r  

improving the physical  condition  of the s o i l ,  a treatment  

t h a t  would provide l a s t i n g  b e n e f i t  and would not be o b l i t 

e ra te d  by the f i r s t  hard ,  beating r a i n .  Furthermore,  

c u l t i v a t i o n  has boon g e n e ra l ly  considered d e s t r u c t i v e  of 

s o i l  s t r u c t u r e  ( 1 ) *  Compaction caused by c u l t i v a t i o n  

implements may a lso  be considered d e s t r u c t i v e  of s o i l  

s t r u c t u r e .  These s ta tem ents  may o f f e r  a p a r t i a l  explanation  

f o r  the  f a i l u r e  to  observe a s i g n i f i c a n t  improvement in 

the p en o tra t ion  r a t e s  of  w ater ,  l im e ,  end phosphorus as a 

r e s u l t  of the t u r f  c u l t i v a t i o n  t reatm ents*  F o a s ib ly ,  

c u l t i v a t i o n  may encourage the movement of these m a te r ia ls  

in to  the t u r f  sod when s p e c i a l  conditions e x i s t ,  such as 

severe  compaction or  heavy su rfa ce  t h a t c h .

The high a v ai lab le  phosphorus readings f o r t h ©  

upper l a y e r s  o f  s o i l  in d ic a te  th at  c u l t i v a t i o n  ha3 encouraged 

g r e a t e r  a c t i v i t y  o f  th e  s o i l  organisms* The tendency f o r  , 

pH values to bo lowor on the c u l t i v a t e d  p l o t s  a ls o  suggests
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th a t  the a c t i v i t y  of the microorganisms has been a f f e c te d  

by tho c u l t i v a t i o n  t reatm ents*  Creator decomposition of  

the accumulated, n on -liv ing  stems, r o o t s ,  end leaves  may 

hevo supplied trie in cre a se  i n  a v ai lab le  phosphorus* How

e v e r ,  the q u a n t i t ie s  of su rfa ce  th a tch  c o l l e c t e d  with the  

root  samples did not i n d ic a te  t h a t  decomposition was more 

rapid on the c u l t i v a t e d  p lo ts *  In f a c t ,  samples from th e  

c u l t i v a t e d  p lo ts  yielded 3 per c e n t  more organic  m atter  

than those from the u n cu lt iv a te d  p l o t s .  Sine© th e re  was 

no way to determine I f  new growth had been encouraged by 

tho c u l t i v a t i o n  t re a tm e n t ,  tho e f f e c t  on decomposition 

ccuid not bo measured d i r e c t l y *  N evertheless ,  tJiese 

r e s u l t s  shew t h a t  tho e f f o c t  of c u l t i v a t i o n  on the decom

p o s i t i o n  of organic m a tte r  may be an important f a c t o r  t h a t  

deserves fu rth e r  study*

F a i lu re  of c u l t i v a t i o n  t o  produce c o n s i s t e n t  or  

s i g n i f i c a n t  in creases  in the crebgress  and dandelion 

populations i n d i c a t e s  t h a t  a la r g e  m a jo ri ty  of the weeds 

grow from seed r e s t i n g  ot  tho s u r f a c e .  With out doubt, 

c u l t i v a t i o n  exposod viab le  seed ,  but the q uan tity  was 

iot g r o a t  enough t o  r e s u l t  in  a marked in cre a s e  in the 

number of woods* Also, i t  has been suggested t h a t  break

ing the t u r f  cover by c u l t i v a t i o n  provides space f o r  

establishment of weeds, e s p e c i a l l y  in  summer* Evidently ,  

t h i s  f a c t o r  f a i l e d  to play an important ro le  in these t e s t s *
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C u ltiv a t io n  did not produce any r e a d i l y  observed
l

d if fe r e n c e s  in  t u r f  q u a l i t y ,  or i n  the amount of c lo v e r  or  

annual b lu e g ra s s .  Since t u r f  management p r a c t i c e s  can 

produce e f f e c t s  over a period o f  y o ars ,  tho r e s u l t s  p re 

sented should be considered as re p r e s e n ta t i v e  of the
V

c f f o c t  o f  only two y e a r s ’ c u l t i v a t i o n *  I t  is  p ossib le  

t h a t  continued treatm ent might pi'oduce s i g n i f i c a n t  changes 

in the t u r f  q u ali ty*  Also, unusual c o n d it io n s ,  such as 

extended drought p e r io d s ,  might produce marked d if fe re n c e s  

betweon c u l t i v a t e d  and n o n -cu l t iv a te d  tu rf*

While tho ro ot  samples from c u l t i v a t e d  t u r f  did 

not show a la rg o  in cre a se  over those from u n cu lt iv a te d  

t u r f ,  i t  is  p ossib le  t h a t  c u l t i v a t i o n  may have enhanced 

root decay and thereby masked an in cre a se  of new ro ots*  

C u lt iv a t io n  must have an influence on the functional  root  

system, s in c e  numerous f i e l d  o b s e r v a t I cns r e v e a l  th a t  ro ots  

develop abundantly in the  openings produced by c u l t i v a t i o n  

(Figure 9 ) .  This ro ot  development may be of value to the 

p lan t  and it. should aid in keeping the c u l t i v a t i o n  channels 

open.

T h e o r e t i c a l l y ,  t u r f  c u l t i v a t i o n  o f f e r s  g re a t  

promise o f  benefit, to t u r f  g ra ss e s*  Yet., the present  

study f a i l e d  t o  show s i g n i f i c a n t  values f o r  the p r a c t i c e  

on two d iffo ro n t  s o i l s  v/ith d i f f e r e n t  types of maintenance.
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Figure  3* Turf plug3 showing t u f t s  of r o o t s  which developed 
in openings c re a te d  by c u l t i v a t i o n *
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Since c u l t i v a t i o n  does not appear to have general  a p p l ic a 

t ion  f o r  e l l  t u r f  a ro a s ,  the most important need of 

continued rese a rch  i s  to  determine where the technique  

may have a s i g n i f i c a n t  e f f e c t  on the t u r f *  C u lt iv a t io n  

treatm ents  should bo es ta b lish e d  on t u r f  areas  that  have 

varied  degrees of s o i l  compaction, ranging from moderate 

to  extreme d ensity*  C u lt iv a t io n  may be b e n e f i c i a l  on 

s e v e re ly  compacted s o i l ,  w’n eroa3 on l e s s  den30 s o i l s  i t  

might be found t o  servo as a compaction t rea tm en t ,  e s p e c i a l l y  

i f  the s o i l  moisture content  Is high* Also, con sid era tion  

should bo given to  c u l t i v a t i o n  techniques* Extreme degrees  

of c u l t i v a t i o n  should bo used in comparison with the 

standard t re a tm e n ts .  P o s s ib ly ,  deeper or  more thorough 

c u l t i v a t i o n  i s  needed*

Wherever t u r f  c u l t i v a t i o n  may prove b e n e f i c i a l ,  

such f n c t o r a  as in cre a se d  rootgrowth; more rapid  p e n e tra 

t ion  of w a te r ,  a i r ,  l im e,  and phosphorus; and g r e a t e r  

decomposition of organic m a tte r  may be responsible  fo r  the  

r e s u l t s .  Additional study of these f a c t o r s  i s  required*

The e f f e c t  of c u l t i v a t i o n  on d i f f e r e n t  g rass  s p e c ie s ,  

d i f f e r e n t  s o i l  t y p e s ,  and w a te r  ru n off  should bo determined.  

T ru ly ,  -•r.ony f a c t o r s  req u ire  a la rg e  amount of c a r e f u l  3tudy 

before t u r f  c u l t i v a t i o n  can be used with knowledge of the  

r e s u l t s  to bo obtained* Fundamental rese a rch  o f f e r s  the  

only hop© fo r  solving th e  numerous problems concerned with 

t u r f  c u l t i v a t i o n .
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3IJKKAHY AND CONCLUSIONS

Tho purpose o f  t h i s  study was t o  obtain information  

on a a e r i e s  o f  c u l t i v a t i o n  t r i a l s  on g o l f  course typo of 

t u r f ,  and r e l a t e d  problems. The e f f e c t  of so lu tio n  a e ra 

tion  and s o i l  compaction on Colonial b e n tg ra s s ,  Agrostia  

t e n u i s , was observed in greenhouse studies# The r e s u l t s  

of two seasons of t u r f  c u l t i v a t i o n  were observed on f i v e  

d i f f e r e n t  f i e l d  s tu d ie s  e s tab lish ed  on loam and clay loam 

s o i l .  Two o f . th o s e  t e s t s  were e s ta b l ish e d  on creeping  

bent t u r f  mowed a t  p u t t in g  green h e i g h t ,  and the other  

th re e  t e s t s  were e s ta b l is h e d  on fairway type of t u r f .

The A e r i f l o r  was used fo r  c u l t i v a t i o n  in e l l  the f i e l d  

studios# In a d d i t io n ,  a disk d r i l l  was used in one of the  

t e s t s  os a aecond typo of c u l t i v a t i o n  t re a tm e n t .  In each 

of these s tu d ios  the e f f e c t s  of c u l t i v a t i o n  were observed 

with reg ard  to  one or more of tire follow ing c r i t e r i a :  t u r f  

q u a l i t y :  amount of  annual b lu eg rass ,  c lo v e r ,  c r a b g r a s s , 

dandelions,  and d i s e a s e ;  and the r a t o  of water p en e tra tio n *  

Depth o f  phosphorus p en etra tio n  and the amount of rcotgxowth  

were measured f o r  one of the t e a t s  on fairway type of t u r f .  

Volume weights and s o i l  a i r  space were measured'on one of  

the c u l t i v a t i o n  t e s t s .  The data c o l l e c t e d  ace the b asis  

f o r  the following s ta te m e n ts .
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1* Colonial  b e n tg rs so ,  A grostls  to n u ls ,  grown 

i  i so lu tio n  c u l t u r e ,  was found t o  be t o l e r a n t  of lower  

oxygen tension than has been rep orted  for various other  

c u l t i v a t e d  p la n ts *  Low oxygen supply was observed to  give  

poor ro o t  branching, high top t o  root  r a t i o s ,  end low 

percentages  of t o t a l  nitrogen in the tops and roots*

2* Colonial  b on tgraas ,  A, r e s t I s  t e r m !a , grown 

in compacted s o i l  developed a l e s s  e x te n s iv e  r o o t  system 

and higher top to  ro o t  r a t i o s  then the chock c u l tu re s*

3 .  Turf c u l t i v a t i o n  did not encourage s i g n i f i c a n t  

or c o n s i s t e n t  in cre a s e s  in  the number of dandelions or

c r  a bt, r  a s s p 1 a tit a .

4 .  P a t e r  p enetration  rea d in g s ,  taken on c u l t i -

vatod and u n cu lt iv ated  t u r f ,  did not d i f f e r  s i g n i f i c a n t l y *
.

5 .  i l o t a  re c e iv in g  phosphorus f e r t i l i s a t i o n  showed'
s i g n i f i c a n t l y  g r e a t e r  q u a n t i t ie s  of a v a i l a b l e  phosphorus 

a t  depths of 0 - 2 ,  2 - 4 ,  and 4 - 6  in ch e s ,  a f t e r  24 months, 

than those ro co iv in g  no phosphorus f e r t i l i z a t i o n *  C u l t i -  

vation  did not produce any s i g n i f i c a n t  e f f e c t  on the r a t a  

of phosphorus p e n e tra tio n  in to  the s o i l *  However, the 

phosphorus readings showed a tendency t o  bo higher in the  

0-2 Inch s o i l  horizon of  the c u l t i v a t e d  p lo ts  than in the  

same horizon of the u n c u lt iv a te d  p l o t3 , f o r  both f e r t i l 

ized and u n f e r t i l i z e d  t u r f .
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6 . Tne pH values of c u l t i v a t e d  p lo t  a shewed a 

con sis t© ot  trend to  be lower than th o se  of u ncult ivated  

p lo ts  fo r  a l l  s o i l  depths* This i n d i c a te s  t h a t  c u l t i v a 

t ion  did net encourage an important in cre a se  in the rat©  

of cGlciura penetration#

7 .  Two and s i x  c u l t i v a t i o n s  per season,  when 

compared with no c u l t i v a t i o n ,  did not produce s i g n i f i c a n t  

changes in the a i r  space or volume weight of the  s o i l#

0 .  Fo rty  r o o t  samples from c u l t i v a t e d  p lo ts  had 

Rn average y ie ld  o f  0 per ce n t  more dry weight then f o r t y  

samples from n o n -cu l t iv a te d  p l o t s *  In a d d i t i o n ,  dry  

weight valu es  f o r  topgrowth, and thatched p la n t  m a te r ia l  

In the 0 - 1 * 2 5  inch l a y e r  wore 10  end Q p er  c e n t  g r e a t e r ,  

r e s p e c t i v e l y ,  on the c u l t i v a t e d  p lo ts  than on the uncul

t i v a t e d  t l o t s .  Hone of these in cre a s e s  were s i g n i f i c a n t  

at  the 5 j:er c e n t  level#

9 .  Turf c u l t i v a t i o n  treatm ents  conducted f o r  two 

years  have not producod s i g n i f i c a n t  improvement in t h e  

t u r f  q u a l i ty  of t h r e e - y e a r  old t u r f  on a loam s o i l  cn the  

New Je rse y  Experiment s t a t i o n  t u r f  p l o t s ,  nor of f i f t e e n -  

year old t u r f  on a c la y  loam s o i l  lo ca te d  on a fairway a t  

the Hutgers Golf Conran.

1 0 .  The otudy suggests  t h a t  in d iscrim in ate  c u l t i v a 

t i o n ,  os p r a c t i c e d ,  may be of  l i t t l e  o r  no v a lu e ;  I t  seems
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d e s ira b le  t h a t  c u l t i v a t i o n  bo l im ite d  t o  s p e c i f i c  condi

t i o n s .  Those co n d it io n s  must be determined by f u r t h e r

research *

11 .  There i s  a b asic  need t o  determino th e  poten

t i a l  value of d i f f e r e n t  c u l t i v a t i o n  techniques on individual  

g r a s s e s ,  s o i l  ty p e s ,  end d i f fe r e n t  i n t e n s i t i e s  of s o i l  

compaction and s u rfa ce  thatch# Also,  the e f f e c t  of c u l t i 

vation  on ro ot  development, the grass  p opulation ,  water  

p e n e t r a t i o n ,  lime and phosphorus p e n e t r a t i o n ,  and s o i l  a i r
• ' f ■

spaco require  f u r t h e r  s tudy.  Research on th ese  problems 

can provide the Information required to  a s c e r t a i n  the ex a c t  

ro le  of t u r f  c u l t iv a t io n #
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APPENDIX

Table 1 .  The influence of n u t r ie n t  so lu tio n s  d i f f e r i n g
in oxygen content  on the development o f  Colonial  
b e n tg ra a a , Agroatla to n u ia .

Aeration : R e p lica t io n :
Level : 1 : 2 : 3 : 4 : Average

Test  A, 1948

Oxygon Content of  Solution i n  p • p.au

Low 4 . 0 0 3 . 8 0 2 . 5 0 3 . 7 0 3 . 5 0
Medium 3 . 2 0 2.00 2 .4 0 2 . 6 0 2 .5 5
High 5 . 0 0 6 . 9 0 2 . 8 0 3 . 8 0 4 . 6 3

Dry Weight of Tops in Grams

Low 8 . 0 9 6 . 2 8 7 . 2 3 9*33 7 , 7 3
Medium ■ 8 . 2 6 1 0 .9 7 3,9-6 9 . 3 2 9*38
High 1 0 . 9 2 1 0 .2 5 12 .63 1 1 .0 7 1 1 . 2 3

Pry Weight of Hoots in Grams

Low 1 .5 2 1 .3 2 1 . 0 6 1 . 3 7 1 .3 2
Medium 1 . 5 5 1 . 7 3 1 . 3 1 1 . 3 2 1 ,4 8
High 2 . 3 8 2 .0 4 1 .8 3 2 . 2 3 2,12

Tost B, 1949

Oxygen Content of Solution  In p •p.m.

Low 1 .2 8 1 . 3 3 1 . 0 9 1 . 6 7 1 , 3 6
Medium 3 . 6 8 4 .7 7 5 . 0 5 3 . 3 9 4 .2 2
High 6 . 6 0 6*90 5 .0 6 6 .8 0 6 .3 4

Dry Weight of  Tops in Grass

Low 10.66 1 2 .0 3 1 1 .1 6 9 . 6 0 1 0 .0 8
Medium 1 2 .1 3 1 2 .1 3 1 1 .3 4 1 0 .7 9 1 1 .6 1
High 11 .77 1 0 ,2 9 10.20 8 . 9 1 1 0 .2 9
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Table 1 .  (Continued)

Aoratlor
Level

i : R e p l ica t io n 'J
Average: 1 : 2 : 3 t 4 :

Test B, 1949 (Continued)

Dry Weight of  Hoots in  Grama

Low 0*74 0 . 7 4 0 . 7 8 0 . 7 2 0 .7 4
Medium 1 .0 9 1 . 1 9 0 . 7 6 0 . 8 7 0 . 9 8
High 0 . 9 0 0 . 9 7 0 . 9 4 0 . 8 9 0 . 9 3

Teat C, 1950

Oxygen Content of Solution  In p.p.m* ,

Low 0.20 0.20 0 . 3 0 0 . 3 0 0 . 2 5
Medium ‘ 0 . 7 0 1.10 0 . 5 0 0 . 5 0 0 . 7 0
High 4 . 4 0 4 . 4 0 4 . 4 0 5 .2 0 4 . 6 0

Dry Weight of Tops In Grams

J.VW 3 . 6 2 4 . 0 0 5 . 9 0 5 . 3 3 4 .6 4
Vft C 1UIA s . i a 5 . 9 0 5 .6 9 5 . 2 2 5 . 6 0

High 7 . 1 6 4 . 9 1 4 .4 4 6 .3 3 5 . 8 5

Le y height■ of Hoots in Grams
Low 0 . 7 0 0 . 7 1 1 . 1 3 1 .3 9 0 .9 0Medium 1 . 0 3 1 . 0 8 1 .3 7 1 *18 1 .1 7B i gh 2.00 1 . 9 0 1 . 4 4 1 . 8 5 1 . 8 0
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Table 2* The influence of d i f f e r e n t  l e v e l s  of aera t io n
on root  length and on t o t a l  nitrogen  content of 
Colonial b e n tg r s s s ,  A grostla  t e n u i s , grown in  
s o lu tio n  c u l tu re  during 1 9 5 0 .

Aerati  on 
Level

»» ft ©pile at ion ♦•
Aver ageirw «i n mi 

♦ JL • 2 i 3 : '  4 T:

Root Length In ems*

Mono 24 26 30 24 2 6 .0
Hedlum 20 31 30 34 3 1 . 3
High 30 34 31 31 3 1 . 5

Solution pH

None 6.0 6 . 0  6 . 4 6 . 4 6*20
Medium 6 . 4 6 . 2  6 . 4 6 . 4 6*35
High 6 .4 6 .4  6 . 4 6 .4 6 . 4 0

Per Cent Nitrogen of 'fops

None 3 .2 1 3 .0 8  3 . 0 8 3 .3 6 3 .1 8
Medium 4 .3 4 3 . 7 3  4 . 4 8 4 .4 5 4 . 3 8
High 4 .3 9 4 .7 1  4 . 5 3 4 . 3 5 4 .6 5

Per Cent Nitrogen of Roots

None 2 . 5 4 2 . 3 8  2 .0 7 2.02 2*25
Medium 2 .7 9 2 . 7 2  2 . 1 5 3 . 0 5 2.68
High 3 .3 4 3 .3 1  3 . 3 4 4 * 40 3 . 6 0
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Table 3 .  The e f f e c t  of s o i l  compaction on Colonial b ent-  
grass  t A g rcatis  ten u is  , grown In 8 x 11 inch  
j a r s  from January &8 , "to June 1 6 ,  1 9 5 0 .

■" ScTTI : Hepllfcatlon
Treatm ent j 1 : 2 : 3 : 4. : tAverage

Dry Weight of  Clippings in Grams
. . 10 omt a c t  —3

Loose-C
1 1 .6 9

0 . 6 1
1 3 . 6 5
1 0 .9 5

1 5 . 6 0
1 4 .0 9

1 4 . 7 5
1 1 .3 1

1 4 .7 4
1 1 .6 1

1 4 .0 9
11 .31

Compact-3 
Loose-3

1 6 . 6 2
1 5 .9 9

1 7 .9 7
16*48

1 8 . 3 2
1 6 .7 0

1 9 .1 6
1 7 .4 2

1 9 .8 1
19*57

1 8 .3 8
1 7 .2 5

Dry Weight o f  Tops in Grams

Comp a c t-8 
Loose-8 •

1 3 .0 0
11.00

1 3 .0 0
1 5 . 0 0

1 5 .0 0
1 4 . 0 0

12.00
1 5 .5 0

20.00
1 5 .0 0

1 4 .6 0
•14.10

Co. p a c t - 3  
Loose-3

1 6 .5 0
1 5 .0 0

1 5 .0 0
1 6 .0 0

1 8 .0 0
1 6 .5 0

1 7 .0 0
1 9 .0 0

1 7 .5 0
20.00

1 6 . 3 0
1 7 .3 0

Dry Weight s o f  Hoots in Grams

Comp a c t-8 
Loose-8 2 .3 1

2 .4 7
2 .5 9
3 .1 4

2 . 5 7
4 . 9 4

2.66
2 . 7 6

2 . 9 1
3 .5 7

2 .6 1
3 . 3 3

Coup a c t - 3  
Loosa-3

3 .7 6
4 .9 8

4 . 5 8
6 . 4 9

3 . 5 5
5 .9 8

3 . 9 6
6.68

3 . 7 2
4 .6 9

3 .9 1
5 ,7 6

1Dumbor c f  c l ip p in g s  designated by 8 and 3 .
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Table 4 .  Turf q u ali ty  observed on p lo ts  r e c e i v i n g  two and 
s i x  c u l t i v a t i o n s  ( A e r i f l e r )  per season in  the
Frequency of C u l t iv a t io n  Study# 1950-1951#

•• Hepli c a t i  on *«
Treatment : 1 : 2 : 3 : 4 iAverage

Clipping Weights in Grams

Ho c u l t i v a t i o n 71 68 79 57 68.8
Two c u l t i v a t i o n s 69 72 69 61 67 #8
Six . c u l t i v a t i o n s SB 74 68 57 6 4 . 3

Per iDent Colonial Bentgrass

No c u l t i v a t i o n 40 50 55 45 4 7 . 5
Two c u l t i v a t i o n s 30 60 50 45 4 6 . 3
Six c u l t i v a t i o n s 50 50 55 45 5 0 , 0

Per Cent Annual bluegrass

No c u l t i v a t i o n 35 30 25 35 3 1 . 3
Two c u l t i v a t i o n s 50 20 30 35 3 3 . 8
Six c u l t i v a t i o n s 30 30 25 35 3 0 . 0
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Table 5 .  Turf q u a l i t y  and per cent c lover  on p l o t s
re c e iv in g  d i f f e r e n t  c u l t i v a t i o n  treatm ents  in  
the Methods of C u lt iv a t io n  Study. September, 2 0 ,  
1950*

C u l t !v a t  ion 
Treatment

•* H ep llcation :
1 * P• 1U : 3 : 4 ! Average

Turf Hating

No c u l t i v a t i o n 2 .7 3 . 2 2.0 2*8 2 . 9
A c r i f i o r - 2  in . 4 . 0 3 . 3 3 . 5 3 . 2 3 . 5
A o r i f i e r - 5  i n . 3 . 5 3 . 2 3 . 2 3 . 2 3 . 3
Disk d r i l l 3 . 2 3 . 2 3 . 0 3 . 0 3 . 1

For* Cent Clover

No c u l t i v a t i o n 23 23 13 20 20
A e r i f i e r - 2  in . 22 12 13 13 15
A e r i f i e r - 5  i n . 28 10 10 17 16
Disk d r i l l 25 £3 C8 16 18
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Table C. Turf c o v e r ,  per cent  c l o v e r ,  end per c e n t  annual 
bluegreas  on c u l t i v a t e d  ( A o r l f i e r )  and on non- 
c u l t i v a t e d  p l o t s  of the Fairway C u l t iv a t io n  
Study, October 8 , 1 9 5 0 .

C u l t i v a t i o n  : R ep lica tio n :
Treatment ; 1 : 2 ! 3 : 4 : Average

Per Cent Turf Cover

C u lt iv a t io n
Subplot 1 70 90 80 90 83
Subplot 2 90 60 90 80 80
Subplot 3 90 90 90 80 88
Subplot 4 90 70 80 80 80n'*"' ' " 111 1

Average 05 78 85 83 83

No c u l t i v a t i o n
Subplot 1 80 90 80 90 85
Subplot 2 50 70 70 70 65
Subplot 3 80 80 80 70 78
Subplot 4 ao 90 90 80 85

Average 73

Per

83

Cent

eo

Clover

78 78

Cult iv a t io n
Subplot 1 20 10 50 20 25
Subplot 2 10 10 ♦ * 20 10
Subplot 2 20 30 10 10 18
Subplot 4 20 30 10 20 20

Average 1 7 . 5 20.0 1 7 .5 1 7 .5 1 8 .1

No C u l t iv a t io n
Subplot 1 20 40 CO 20 35
Subplot 2 10 10 10 30 15
Subplot 3 10 10 10 10 10
Subplot 4 10 10 10 10 10

Average 1 2 . 5 1 7 . 5 2 2 . 5 1 7 . 5 1 7 , 5

( Continued)
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C u l t i v a t i o n  : H ep licct ion •*
Treatment 1 * 6 ; I £<r  < 3 t 4 ! Average

l e v Cent Annual Blue gross

C u l t i v c t i  on
Subplot 1 20 20 70 40 38
Subplot 2 30 40 40 60 43
Subplot 3 40 40 70 70 55
Subplot 4 30 50 50 70 50

Average 30 3 a 50 60 46

No C u lt iv a t io n
Subplot 1 30 30 50 40 38
Subplot 2 40 30 50 70 48
Subplot 3 40 30 60 60 45
Subplot 4 20 30 40 60 38

Average 33 30 50 55 42
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Table 7* The amount of la rg o  brownpatcb, Rhlzoctonla
s o l a n l , occu rr in g  under d i f f e r e n t  nitrogen and 
c u l t i v a t i o n  t rea tm en ts  of the Bentgrass C u l t i 
vat io n -R ate  of Nitrogen Test* I960*

Treatment
••
»
•

R e p lica t io n  : 
~T j 2 : 3 sAverage

Y er Cent In f e c t i o n  Estimated !Ln July

No C u l t iv a t io n (6*4 l b s . H) 40 40 20 33
C u lt iv a t io n ( 6 . 4 l b s . N) 45 35 15 32

No C u l t iv a t io n ( 4 . 8 l b s . N) £0 10 40 23
Cult.lv a ti  on ( 4 . Q l b s . N) 20 5 30 18

No C u lt iv a t io n (8.2 lbs  • N) 5 • « 5 3
Cultivsfci on ( 3 . 2 lbs • N) 10 • ♦ 10 7

fo r  Cent I n f e c t i o n Estimated in September

No C u l t iv a t io n ( 6 . 4 l b s . N) 33 23 30 29
C u l t i v a t i o n ( 6 . 4 l b s . H) 25 30 25 27

No C u l t iv a t io n ( 4 . 8 l b s . TO 22 35 7 21
C u lt iv a t io n ( 4 . 3 lbs  • N) 23 35 11 23

No C u l t iv a t io n ( 3 . 2 l b s . N) 15 33 23 24
C u lt iv a t io n ( 3 . 2 l b s . N) a a 25 20

Square Inches of Infested Area i n  September

No C u l t iv a t io n ( 6 . 4 l b s . N) 2 ,2 8 1 2 ,5 2 7 3 ,1 6 0 2 ,6 5 6
C u lt iv a t io n ( 6 . 4 l b s . n) 2 ,5 2 6 3 . 7 4 3 3 ,0 5 7 3 ,1 0 9

No C u l t iv a t io n ( 4 . 8 l b s . N) 2 ,3 3 9 1 ,4 4 8 562 1 ,4 5 0
Cult ivat ion ( 4 . 8 l b s . N) 2 ,7 7 4 3 , 1 1 8 1 ,5 4 7 2 ,4 8 0

No C u lt iv a t io n ( 3 . 2 l b s . w) 1 ,9 8 2 2 ,3 7 6 2 ,0 0 3 2,120
C u lt lv a t io n ( 3 . 2 lbs . N) 1 ,1 1 3 2,686 1 ,2 3 0 1 ,6 7 8
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Table 0 .  Q uantities  of dandelions, c ra b g ra s s ,  and buckhorn 
observed i n  c u l t i v a t e d  and n on -cu lt iv a te d  p lo ts  
of fairway type of t u r f .  1 9 5 0 .

• ' ... hdp'llcatlon......... ......... .." i~
Treatment : 1 : £ : 3 V "4 "; Average

Froqxioncy of C u lt iv a t io n  Study 

Number of Dandelions

No C u lt iva t ion 20 18 20 13 1 7 . 8
Two C u l t i v . / y r . 11 21 20 10 1 5 . 5
S ix  C u l t i v . / y r . 37 6 12 12 1 6 . 8

Number of Crabgrass Plants

No Cultivat  ion/ 
Two C u l t i v . / y r .

215 470 264 353 326
308 342 460 629 435

Six C u l t i v . / y r . 216 327 252 495 323

Methods of C u l t iv a t io n  Study 

Number of Dandelions

No C u l t i v a t i o n ..0 .88 . 3 2 . 3 1.2
A e r i f i e r - 2  i n . 1 . 7 *7 .5 . 5 1.0
A o r i f i e r - 5  i n . 5 . 0 .3 ♦8 2.  2 2*1
Disk d r i l l .8 .8 .2 3*0 1.2

Number <of Crabgrass P lants

No C u lt iv a t io n 93 113 69 32 77
A o r i f i e r - 2  i n . 141 89 65 77 93
A e r i f i e r - 5  i n . 117 82 89 64 80
Disk d r i l l 115 160 65 78 105

Fairway C u lt iv a t io n  Study

Number of Dandelions

C u l t iv a t io n 63 100 26 29 55
No C u lt iv a t io n 65 47 26 70 52

(Continued)



Table 8 * (Concluded)

Tree tmon t
I _____ a p p l i c a t i o n ___ •

*

: 1 : 2 : 3 :! 4 tAverage

Fairway C u l t iv a t io n  Study

Number of Crabgrass P lants
7

C u lt iv a t io n 48 40 35 28 38
No C u lt iv a t io n 45 50 43 35 43

Tlurabor of  Buckborn' Plant s

C u l t iv a t io n 639 575 62 3 - 320
No C u lt iv a t io n 058 200 76 13 287
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Table 9# The quantity  o f  c rab grasa  found i n  c u l t i v a t e d
(A e rif ie d )  end nan-cultivetoc!  p l o t s  of  creeping  
bent, t u r f .  August, I 9 6 0 .

............... "" ... ............ : " '...... Kurabor o f  Crabgrass Plant s '
Treatment : ~l;<eplXcat;ion " ;

________________________________ ; 1 ; 2 t- 3 t Average

Time of Cultiv&tion,Study on Bent Turf

A e r i f i e r
Spring 164 210 15 130
Summer 79 204 24 104
P a ll 66 105 17 62
Spring and Summer 29 126 30 61

A e r i f i e r
Spring and P a l l 67 V74 53 65
Summer and P o l l 19 47 53 40
Spring, Summer, and F a l l  91 779 33 68

Check •- No C u l t iv a t io n 23 218 40 98

Bent grass  C u l t iv a t io n1-Hate of Nitrogen Test

No C u lt iv a t io n  ( 6 . 4  lba* N) rn 43 12 7 22
C u l t i v a t i o n  ( 6 . 4  lbs*

a H) 62 28 20 37

No C u lt iv a t io n  (4 *8  l b s . N) 38 n o 4 17
C u lt iv a t io n  ( 4 . 8  l b s . H) 41 • 9 6 19

No C u l t iv a t io n  (3 *2 „ lb s* K) 143 13 1 52
C u l t i v a t i o n  (3 *2  lbs* N) 133 21 ' • 25 61
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Table 12 . A suramry of the e f f e c t s  of c u l t iv a t io n
( A e r l f l e r )  on the p en e tra tio n  r a t e s  of 
phosphorus Into the  sod of the Fairway  
C u lt iv a t io n  Study, 1 9 4 3 - 1 9 5 0 .

t
• Pounds of PpOfi Per Acre

Treatment : Kopilea t io n :
: ~T~ : 2 : $ : 4 : Average

Spring, 1943
C u l t i v a t i o n  U -2f#

Subplot 20 14 23 23 20,0
Subplot 3 10 13 32 22 2 1 ,3
Subplot 4 21 26 23 20 2 4 .5

Average 1 9 . 7 1 7 . 7 2 6 . 0 2 4 .3 2 1 , 9

No C u lt iv a t io n  0 - 2 ”
Subplot 2 1 ft 27 22 lb 1 9 .8
Subplot 3 25 27 21 17 2 2 . 5  .
Subplot 4 25 20 IB 19 2 0 .5

Average 2 1 .7 2 4 . 7 2 0 . 3 1 7 . 0 2 0 . 9

C u l t iv a t io n  2 - 4 ”
Subp j ot 2 7 6 7 6 6 . 5
Subplot 3 7 3 9 7 8.0
Subplot 4 5 7 10 7 7 . 3

Average 6 . 3 7 , 3 8 . 7 6 . 7 7 . 3

Fo C u lt iv a t io n  2 - 4 ”
Subplot 2 5 10 0 4 6.8
Subplot 3 5 7 8 6 6 . 5
Subplot 4 6 11 11 3 7 , 8

Average 5 . 3 9 . 3 3 . 0 4 . 3 7 . 0

C u lt iv a t io n  4 - 6 ”
Subplot 2 11 4 3 6 6.0
Subplot 3 5 4 5 0 5 . 5
Subplot 4 4 6 9 9 7 , 0

Average G.7 4 . 7 5 . 7 7 . 7 6*2
?!o C u lt iv a t io n  4 - 6 ”

Subplot 2 7 6 5 6 6,0
Subplot 3 4 6 6 6 5 . 5
Subplot 4 4 0 6 4 5 .5

Average 5 . 0 6 . 7 5 . 7 6 . 3 5 . 7

(Continued)
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Table 12. (Continued)

l Founds V For Acre
Treatment : R ep lica tio n ••

♦* ... I '..2 ... r s 4 : Average

F a l l ,  1949
C u l t iv a t io n  Q-2”

Subplot 2 15 30 22*5
Subplot 5 13 30 2 1 . 5
Subplot 4 28 45 3 6 . 5

Average 1 0 . 7 3 5 . 0 2 6 .9

No C u lt iv a t io n  0 - 2 *
Subplot 15 6 1 0 . 5
Subplot 3 13 35 2 4 . 0
Subplot 4 4 33 1 8 . 5

Avei’age 1 0 . 7 2 4 .7 1 7 . 7

C u l t i v a t i o n  2 - 4 ”
Subplot 2 6 6 6.0
Subplot 3 6 3 4 . 5
Subplot 4 22 5 1 3 .5

Average 11 5 a .o

No C u l t iv a t io n  2 - 4 °
Subplot 2 6 7 6 . 5
Subplot 3 S a 6 . 5
Subplot 4 S 16 1 0 . 5

Average 5 . 3 1 0 . 3 7 . 8

C u lt iv a t io n  4 - 6 ”
Subplot 2 G 6 6.0
Subplot 3 5 5 5 . 0
Subplot 4 4 6 5 . 0

Average 5 . 0 5 . 7 5 . 4

No C u l t iv a t io n  4 - 6 "  
Subplot 2 3 4 3 . 5
Subplot 3 2 5 3 . 5
Subplot 4 2 8 5 . 0

Average 2 . 3 5 . 7 4 . 0

(Continued)
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Teb lo  1 2 . ( Continued)

•• Founds o F J j205_>©i* Aero
Trot tinea t  : H©plication fi

*• T ~ * O« AS I *» « ~T~ sAverago

Spring* 1950
C u lt iv a t io n  0 - 2 "

Subplot 2 35 28 37 35 3 3 .8
Subplot 3 42 32 35 70 44*8
Subplot 4 47 70 55 60 5 8 .0

Average 4 1 .3 43*3 4 2 . 3 5 5 .0 4 5 . 5

No C u l 1 1vat 1o n Q»2" 
Subplot 2 21 30 37 42 3 2 . 5
Subplot 3 30 SO 65 70 5 3 .8
Subplot 4 32 29 55 60 4 4 .0

Avar age 2 7 .7 3 6 . 3 5 2 . 3 6 7 .3 4 3 .4

C u lt iv a t io n  2 - 4 "
Subplot 2 9 , 9 10 9 9 . 3
Subplot 3 0 9 7 10 S . 5
Subplot 4 7 7 14 16 11.0

Average 3 . 0 8 . 3 1 0 .3 1 1 . 7 9 *6

No C u l t i v a t i o n  2 - 4 "
Subplot 2 C 9 __ 13 5 . 8 . 3
Subplot 3 7 9 11 16 10.Q
Subplot 4 0 15 16 11 1 2 .5

Average 7 . 0 lx  #0 1 3 .3 1 0 .7 1 0 . 5

C u lt iv a t io n  4 -6 "
Subplot 2 6 4 7 4 5 . 3
Subplot 3 7 11 6 6 7 . 5
Subplot 4 6 3 8 6 5 . 8

A vor ©go 6 . 3 6.0 7 . 0 5 . 3 6.2
No C u l t iv a t io n  4 - 6 "  

Subplot 2 4 6 10 4 6.0
Subplot 3 3 5 9 8 6 .3
Subplot 4 4 8 4 5 5 . 3

Average 3 . 7 6 . 3 7 . 7 5 .7 5 . 9

(Continued)
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Table  12* (Concluded)

*• &c5*1 T f ..P.2-Q5- Per Aere
Treotii.ant : H epl lent ion :

*4 1 : 2 00 3 1 4 sAverage

F e l l ,  1950
C u lt iv a t io n  0 - 2 ”

Subplot 2 24 60 70 60 5 3 .2
o!il)pxOt> O 70 30 55 90 6 3 . 3
Subplot 4 40 55 50 70 5 3 , 8

Average 44*3 5 1 . 0 5 8 . 3 7 3 . 3 5 6 .7

Ko C u lt iv a t io n  0 - 2 H
Subplot 2 37 55 55 55 5 0 . 5
Subplot 5 32 50 70 60 5 3 ,0
Subplot 4 70 70 90 70 7 5 . 0

Average 46*3 5 0 . 5 7 1 . 7 6 1 .7 6 9 . 5

C u l t i v a t i o n  2 - 4 ”
Subplot 2 6 11 18 16 1 2 . 3
Subplot 3 6 14 21 21 1 5 , 5
Subplot 4 9 11 11 12 1 0 . 3

Average 7 . 0 12.0 1 6 . 7 1 6 . 3 1 3 . 0

I2o C u l t i v a t i o n  2 - 4 ” 
Subplot 2 11 20 11 10 1 3 .0
Subplot 3 13 13 17 17 1 5 . 0
Subplot, 4 7 8 17 20 1 3 . 0

Average 1 0 . 3 1 3 . 6 1 5 . 0 1 5 . 7 1 3 . 3

Oul t i  vo 1 1 on 4 -  6 "
Subplot 6 a 10 7 7 .S
Subplot o 4 7 8 4 5 , 0
Subplot 4 12 9 15 9 11*3

A.vorago 7 . 3 3 . 0 11.0 6 . 7 3 , 3

Ko C u l t iv a t io n  4 - 6 ” 
Subplot 2 Q 0 10 6 3 . 3
Subplot 3 5 16 3 12 1 0 . 3
Subplot 4 8 9 13 15 1 1 . 3

Average 7 . 0 1 1 . 3 10. 3 11.0 9*9
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Table 14. The effect of fertiliser, line, end gypsumtreatment on the available phosphorus content of soil samples taken at three depths of the Fairway Cultivation Study* 1949-1950#
' . '̂''' Available''fpOfi Per" Acre (in' lbsTreatment ' .. "l^epilcation.'"'"'T______________ ■ t' 1 2 ' : r o'" 4 ' Average

Subplot 1Cultivated 0-2”
S

10
pring, 1949 

26 30 17 20 • 8Uncultiv * 0-2” 9 21 12 (i 13 13.8
Average 9 * 5 23.5 21.0 15.0 17.3

Subplot 2Cultivated 0-2” 20 14 23 23 20.0Uncultiv* 0-2" 15 , £7 22 15 19.8
Average 17.5 20.5 22.5 19.0 19.9

Subplot 5Cultivated 0-2” 10 13 32 £2 21.3Uncultlv* 0-2” 25__ 27 21 17 22.5
Average 21.5 20.0 26 * 5 19.5 21.9

Subplot 4Cultivated 0-2" 21 26 23 28 24.5Uncultlv* 0-2" 25 20. 18 19 20.5
Average 23.0 23.0 20 * 5 23 * 5 20* 5

Subolot 1Cultivated 2-4" 10 0 5 9 0,0Uncultlv. 2-4" 6 0 _5_ 6 6.3
Average : 0.0 8.0 5.0 7*5 7.1

Subplot 2Cultivated 2-4T 7 6 7 6 6.5Uncultlv* 2-4" 5 10 8 4 6,8
Average 6.0 0.0 7.5 5.0 6.6

(Continued)

J
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T ab le  1 4 . (Co ntinued )

*• A va ilab le  PpSs ter Acre T lrTTEaV )
Treatment : R ep lica tio n S

: 1 s 2 : 3 : 4 : Average

Spring , 1949 (Continued)
Subplot 3

C u ltiv a te d  2 -4 rt 7 9 9 7 8 ,0
U n cu lt iv , 2-4 M 5 7 a 6 6 ,5

Average 6.0 0 ,0 8 .5 6 .5  7 ,3

Subplot 4
C u lt iv a te d  2 -4 ” 5 7 10 7 7 ,3
U n cu lt iv . 2-4" 6 11 11 3 7 .8

Average 5 .5 9 .0 10,5 5 .0  , 7 .5

Subplot 1
C u ltivato d  4 -6 ” 6 6 4 5 . 5 ,3
U n cu ltiv* 4-6” 4 , 5 i 5u 4 4 .5

Aver ago 5,0 5 ,5 4 ,5 4 ,5  4 ,9

Subplot 2
C u lt iv a te d  4 -S M 11 4 3 6 6,0
U n eu ltivn , 4-6° 7 ,6 , 5 6 6 .0

Average 9 .0 3 .0 4 ,0 6 ,0  6 .0

Subplot 3
C u lt iv a te d  4-5" 5 4 5 8 5 .5
U n cu lt iv . 4 -6 ” J t ___ _6___ 6 6 5 ,5

Average 4 .5 5 .0 5,5 7 ,0  5 ,5

Subplot 4
C u ltiv a te d  4-6" 4 6 9 9 7 ,0
U n cu lt iv . 4-6" 4 0 6 4 5.5

Averago 4 #0 7 ,0 7 ,5 6.5  6 ,3
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T a b le  1 4 .  (C o ntinued )

f♦ Avt*iXVbI© S?$>0b Pot Acre ~ r i b 5 7 T ------
Tree ttacnt : Heplicat ion *•* ' * i “  2 • 3 T~ 4 {Average

F a ll ,  1949
Subplot 1

Cultivated 0 -2" 13 23 18 .0
U ncultlv. 0 -2" 25 15 '20.0

Average 19 .0 1 9 .0 1 9 ,0

Subplot £
Cultivated 0 -2 " 15 30 22 .5
Uncultlva. 0 -2 " IS , ,® 1 0 .5

Average 1 5 ,0 1 0 .0 1 6 ,5

Subplot 3
Cultivated 0-2" 13 30 21.5
U ncultlv. 0 -2" 13 35 f 2 4 .0

Average 13 .0 3 2 .5 21 .7

Subplot 4
Cultivated 0 -2" 23 45 36 .6
Uncultlv. 0 -2 " 4 33 18 .5

Average 1 6 .0 39 .0 2 7 .5

Subplot 1
Cultivated 2 -4 ” 6 6 6 .0
Uncultlv. 2 -4" 6 4 5 .0

Average 6 .0 5 .0 5 .5

Subplot 2
Cultivated 2 -4" 6 6 6 .0
U ncultlv. 2 -4" 6 7 6 .5

Average 6 .0 6 .5 6 .3

(Continued )
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T a b le  1 4 . (C o ntinued )

•* A vailable  Fobs Per Acre T l n T S s T !
Treatment : R e p l ica t io n *#

♦• i : - $  ■ ♦ T “ : 4 : Average

Subplot 3
C u lt iv a te d  2 - 4 ”

P a l l ,

6

1949 (Continued) 

3 4 . 5
Uncultiv*.  2 - 4 * 5 0 , 6 . 5

Average 5 . 5 5 . 5 5*5

Subplot 4
C u lt !v e ta d  2 - 4 ” 22 5 13*5
U n c u lt lv ,  £ - 4 ” 5 16 10*5

Average 1 3 . 5 10*5 1 2 , 0

Subplot 1
C u lt iv a te d  4-G” 6 4 5*0
U n c u l t iv .  4-S" 4 6 , 5 . 0

Average 5 . 0 5 .0 5 . 0

Subplot 2
C u lt iv a te d  4 -6 " S 6 6 . 0
U n c u lt iv ,  4 - 6 " 3 4 3 . 5

Average 4 . 5 5 , 0 4*3

Subplot 3
C u lt iv a te d  4 - 6 " 5 5 5 , 0
U n c u lt iv .  4 - 6 " 2 5 0*5

Average 3*5 5 . 0 4*5

Subplot 4
C ultivated  4 - 6 " 4 6 5*0
U n c u lt iv .  4 - 6 " 2 8 5 , 0

Average 3 . 0 • ' 7 . 0  • 5 . 0

(Continued)
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Table 14* (Continued)

** Available  t er Acre (in l b s . )
Treatment i K e p iica t io n •*

•* ' i  r : 2 : 3 : 4 ; Average

Spring, 1950
Subplot 1

Cultivated  0 - 2 " 13 20 23 14 1 7 , 5
U n c u lt iv .  0 - 2 ” 2 13 12 12 9 . 8

Average 7 , 5 1 6 , 5 1 7 . 5 1 3 . 0 1 3 . 6

Subplot 2
C u lt iv a te d  0 - 2 ” 35 23 37 35 3 3 . 3
U n c u lt iv .  0 - 2 ” 21 30 37 42 3 2 . 5

Average 2 8 , 0 2 9 ,0 37*0 3 3 ,5 3 3 . 1

Subplot o
C u lt iv a te d  0 - 2 ” 42 32 35 70 44# 8
U n c u l t iv ,  0 - 2 ” 30.. 50 t 65 70 53 « 8

Average 

Subplot 4

3 6 . 0 4 l l o 5 0 . 0 7 0 . 0 4 9 . 3

C u lt ivated  0 - 2 ” 47 70 55 60 5 8 . 0
U n c u lt iv .  0 - 2 ” 32 20 ( 55 60 4 4 .0

Average 3 9 . 5 4 9 , 5 5 5 . 0 6 0 ,0 5 1 . 0

Subplot 1
C u lt iv a te d  2 - 4 ” 10 5 0 6 7*3
U n c u l t iv ,  2 - 4 " 3 , 8 •4 '1 4 . 0

Average 6 , 5 6 . 5 6 . 0 3 . 5 5 . 6

Subplot 2
C u lt iv a te d  2 - 4 " 9 9 10 9 9*3
U n c u lt iv ,  2 - 4 ” 6 , 9 13 b 8 . 3

Average 7 . 5 9 . 0

( Continued)

1 1 , 5 7 . 0 8 . 0
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Tab le  14* (C o ntinued )

: Available  P2O5 For Acre ( In  l b s . )
Treatment : R ep lica t io n •

•

«>
• 1 : 2 : 3 : 4 :Average

Spring, 1950 (Continued)

Subplot 3
C u ltivated  2 - 4 ” 8 9 7 10 8 . 5
U n c u lt iv .  2 - 4 ” 7 9 11 16 1 0 .8

Average 7 . 5 9 . 0 9 . 0 1 3 . 0 9 . 6

Subplot 4
C u lt iv a te d  2 - 4 ” 7 7 14 16 1 1 . 0
U n c u lt iv .  2 - 4 ” 8 15 16 11 1 2 . 5

Average 7 . 5 1 1 . 0 1 5 . 0 1 3 . 5 1 1 .8

Subplot 1
C u l t iv a te d  4 - 6 ” 7 6 3 6 5 . 5
U n c u l t i v .  4 - 6 ” 3 9 5 4 5 .3

Average 5 .0 7 . 5 4 . 0 5 . 0 5 .4

Subplot 2
C u ltivated  4 - 6 ” 6 4 7 4 5 , 3
U n c u lt iv .  4 - 6 ” 4 6 10 4 6 . 0

Average 5 . 0 5 . 0 8 . 5  . 4 . 0 5 . 6

Subplot 3
C u lt iv a te d  4 - 6 ” 7 11 6 6 7 . 5
U n c u lt iv .  4 - 6 ” 3 5 9 8 6 . 3

Average 5 . 0 8 . 0 7 . 5 7 . 0 6 . 9

Subplot 4
C u lt iv a te d  4 - 6 ” 6 ■ 3 8 6 5*8
U n cu lt iv .  4 - 6 ” 4 8 4 5 5.3 .

Average 5 . 0 5 .5 6 . 0 5 . 5 5,5
(Continued)

,>% ' v ?  v u . >; • ■ . ‘-t-*1 1 -
' l , ; ' ' f ’liii.n  l



93

Tab! © 1*3. {C on 11 nued)

; Available Fgdft"'For'11A e re (Tn ilia .7
Treat;usnt i ............ . 1'lepIIcatTon '....  t'n"
_______________ ; 1 i 2 : 3 t4 ! Average

F a l l ,  1950

Subtitle t 1
C u lt iv a te d  0 - 2 " 10
Unault tv* 0 - 2 " , 6

Aver age 8*0

Subplot 2
C u lt iv a te d  0 - 2 ” 24
U n c u l t iv • 0 - 2 ” 37

Average 3 0 . 5

Subplot 3
C u ltivated  0 - 2 ” 70
Uncultiv*  0 - 2 ” tnW<U

Average 5 1 . 0

Subplot 4
C u lt iv a te d  0 - 2 ” 40
U noultiv .  v - 2 ” 70

Average 5 5 . 0

Subplot 1
C u ltivated  2 - 4 ” 4
U n c u lt iv .  2 - 4 “ 6

Average 5 . 0

Subplot 2
C u ltivated  2 - 4 " 6
U n cu lt iv .  2 - 4 ” 11

Average 0*5

16 22 18 1 6 . 0
16 9 16 1 1 . 8

1 6 . 0 1 5 . 5 1 6 . 0 1 3 .2

60 70 60 5 3 .5
55 s s 55 5 0 .5

5 7 .5 6 2 . 5 5 7 .5 5 2 . 0

38 55 90 6 3 .3
50 70 60 5 3 .0

4 4 .0 6 2 .5 7 5 . 0 6 8 .1

55 50 70 5 3 . 8
70 90 70 7 5 . 0

6 2 . 5 7 0 . 0 7 0 . 0 6 4 . 4

0 6 10 ' 7 . 0
9 4 , 9 7 . 0

8 . 5 5 . 0 9 . 5 7 . 0

11 18 16 1 2 . 8
20 11 10 1 3 .0

1 5 . 6 1 4 . 5 1 3 . 0 1 2 . 9

( Continued)



T a b le  1 4 . (Concluded)

: Availab'io Vcbf, For AcV'b TlrTTbaT)
Treatment : Kepilea t ioh #•

: 1 ♦ h »1 CO * ‘ % ? v 5 4 : Average

F a l l , 1950 (Concluded)

Subplot 3
C u lt iv a te d  2 - 4 ” 6 14 21 21 15*5
U n c u lt iv .  2 - 4 ” 13 13 17__ 17__ 1 5 . 0

Average 9 . 5 1 3 . 6 1 9 . 0 1 9 . 0 1 5 . 3 '

Subplot 4
C u ltivated  2 - 4 " 9 11 11 12 1 0 . 8
U n c u lt lv .  2 -4 " 7 8 17 20__ 1 3 . 0

Average 3 . 0 9 . 5 1 4 . 0 1 6 .0 1 1 .9

Subplot 1
C u lt iv a te d  4 - 6 " 4 6 5 3 4 . 5
Uncultlv*  4 - 6 ” 4 6 2 , 8 5 . 0

Average 4 . 0 6 . 0 3 . 5 5 . 5 4 . 8

Subplot 2
C u lt iv a te d  4 - 6 " 6 3 10 ' 7 7 . 8
Uncultlv# 4 - 6 " 0 9 10 , 6 0 , 3

Average 7 . 0 8 . 5 1 0 . 0 6 . 5 8 . 0

Subplot 3
C u lt iv a te d  4 - 6 " 4 7 8 4 5 . 8
U ncultlv*  4 - 6 ” 5 _ 16 8 12 1 0 . 3

Average 4 . 5 1 1 . 5 8 . 0 8 . 0 8 . 0

Subplot 4
C u lt iv a te d  4 - 6 " 12 9 15 9 1 1 . 3
U n c u lt lv .  4 - 6 ” 0 9 13 15__ 1 1 .3

Avereg® lw.O 9 . 0 1 4 . 0 1 2 . 0 1 1 . 3

• p-v'p-p.- sgffipwsi
- jwaal ■ iin ......
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T a b l e  1G. The e f f e c t  o f  lira© a p p l i c a t i o n  on the* s o i l  pH 
o f  th e  F a i rw a y  C u l t i v a t i o n  Study* 1 9 4 9 - 1 9 5 0 *

i ........ ..... ..............  S.Qjt l  IpH___________  ' .......... ......
T re e t ra e n t  : Hep 13Lealbio n :•  ,11 rj 11111*

'"""I..  I.... 2 ".... :".......... ............. ........... V"'1'"' '4n',r,n"iAvorape

S p r i n g ,  1 9 4 9  

C u l t i v a t e d  P l o t©

S u b p lo t 1 0 1 to 5 * 2 6 . 2 6 . 0 6 . 0 5 . 8 0
S u b p lo t 2 ( 0 - 2 " ) 5 * 2 5 . 0 5 , 8 6 , 0 5 . 7 0
Subp 1 ot %u ( 0 - 2 ” ) 5 * 6 6 . 0 6 . 3 6 , 6 6 , 1 3
S u b p lo t 4 ( 0 - 2 " ) 5 . 9 6 , 4 6 . 2 6 . 5 6 . 2 5

S u b p lo t 1 { 2 - 4  *) 5 . 3 6 , 3 5 . 9 5 . 3 5 . 8 3
Su b p lo t O ( 2 - 4 " ) 5 . 3 5 , 9 6 . 0 6 . 0 5 , 3 0
Subp1 ot o ( 2 - 4 " ) 5 , 3 5 . 8 6 , 0 6 . 0 5 . 7 8
S u b p lo t 4 ( 2 - 4 " ) 5 , 7 6 , 0 6 , 0 6 . 3 6 . 0 0

Su b p lo t 1 ( 4 - 6 " ) 5 . 5 6 . 2 5 . 8 5 , 7 5 . 8 0
Su b p lo t 2 ( 4 - 6 " ) 5 , 5 5 . 6 5 . 0 5 . 9 S . 7 0
Subpi o t % ( 4 - 6 " ) 5 . 4 5 , 0 5 . 9 5 * 0 5 . 7 3
S u b p lo t 4 ( 4 - 6 " ) 5 . 6 5 . 9 5 . 9 5 . 9 5 . 0 3

K o n - C u l t i v a t e d P l o t s

S u b p lo t 1 ( 0 - 2 " ) 5 . 4 6 . 2 5 , 9 6 . 0 5 . 0 0
S u b p lo t o ( 0 - 2 " ) 5 . 5 6 . 0 5 . 8 6 . 0 5 . 8 3
S u b p lo t 3 ( 0 - 2 " ) 6 . 0 6 . 2 6 . 2 6 . 2 6 . 1 5
S u b p lo t 4 ( 0 - 2 " ) 6 . 1 6 . 1 6 . 1 6 . 5 6 . 2 0

S u b p lo t 1 ( 2 - 4 " ) 5 . 5 6 . 3 5 . 9 6 . 2 5 , 9 0
S u b p lo t o•£’ ( 2 - 4 " ) 5 . 5 6 . 2 8 . 9 6 , 1 5 * 9 3
S u b p lo t 3 ( 2 - 4 " ) 5 . 0 6 . 1 6 . 1 6 . 0 6 . 0 0
S u b p lo t 4 ( 2 - 4 " ) 5 . 9 6 . 2 5 . 9 6 . 2 6 , 0 5

S u b p lo t 1 ( 4 - 6 " ) 5 , 6 6 . 2 5 . 9 5 , 9 5 . 9 0
S u b p lo t 2 ( 4 - 6 " ) 5 . 5 6 . 2 5 . 9 5 . 9 5 , 8 0
S u b p lo t 3 ( 4 - 6 " ) 5 . 9 6 * 0 6 , 0 6 . 0 5 . 9 8
Su bp lo t 4 ( 4 - 6 " ) 5 . 9 6 . 0 5 , 9 6 . 0 5 , 9 5

(Continued)
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T a b le  16* (C o n tin u ed )

: ...........................S o i l ' "r? II _____________________
Treatment ..... '' 'HeplTcation "........' '' ' ........ "
_______________ tT"ri"'""Y'....T 1"’ " " S ' $ 3  " ' .."'"" ?Average

F a l l ,  1949  

C u lt iv a te d  P l o t s

Subplot 1 ( 0 - 2 " ) 5 . 3 6 . 1 5 .7 0
Subplot 2 ( 0 - 2 ” ) 5.G 5*5 5*35
Subplot 3 ( 0 - 2 " ) 5 . 3 5*9 5 .6 0
Subplot 4 ( 0 - 2 " ) 6 . 0 6 . 2 6*10

Subplot 1 ( 2 - 4 ”) 5 . 3 6 . 2 5 . 7 5
Subplot ( 2 - 4 " ) 5 . 3 5*4 5 .3 5
Subplot 3 ( 2 - 4 " ) 5 . 3 5.5 5 .4 0
Subplot 4 { 2 - 4 " ) 5 . 9 5 . 9 5**90

Subplot 1 ( 4 - 6 " ) 5.5 6 . 2 5 . 8 5
Subplot 2 ( 4 - 6 " ) 5 . 5 5 . 5 5*50
Subplot 3 ( 4 - 6 " ) 5 . 4 5 . 6 5*50
Subplot 4 ( 4 - 6 " ) 5 ,6 5 . 7 5 . 7 5

Non--Cultivated P lo ts

Subplot l ( 0 - 2 " ) 6 . 1 6 . 3 6 .2 0
Subplot S'* ( 0 - 2 " ) 5*9 5 . 8 * 5 .0 5
Subplot -J ( 0 - 2 " ) 5 . 1 6 . 2 5*65
Subplot 4 ( 0 - 2 " ) 5 . 0 6 . 6 5*80

Subplot 1 ( 2 - 4 " ) 6 . 0 6 . 4 . 6 . 2 0
Subplot 2 ( 2 - 4 " ) 5 . 9 6 . 0 5 . 9 5
Subplot ■fWfco ( 2 - 4 " ) 5 . 2 6 . 2 • , 5 . 7 0
Subpl c-t 4 ( 2 - 4 " ) S .2 6 . 5 5 .8 5

Subplot 1 ( 4 - 6 " ) 6 . 0 0 . 5 6*25
Subplot 2 ( 4 - 6 " ) 5 . 8 6 . 0 5 .9 0
Subplot 3 ( 4 - 6 " ) 5*4 6 . 0 3 .70
Subplot 4 ( 4 - 6 " ) 5 . 4 6 . 4 * 3*90

(Continued)
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Tab le  1 0 . (C o n tin u ed )

fi S o i l  pit
Treatment ♦» . bepileaiiori f« ,

Spring, I960  

C u ltivated  P lo ts

tjUbpl ot 1 ( 0 - 2 " ) 6*4 6 . 2 5 . 9 6 . 2 5 , 9 3
Subplot 0 ( 0 - 2 " ) 6 • £ 5 . 5 5 . 7 5*8 5 . 5 5
Subplot tw ( 0 - 2 " ) 5 . 8 5 . 9 6 . 1 6 . 5 6.G3
Subplot 4 ( 0 - 2 " ) 6 . 1 6 . 1 6 . 4 6 . 4 6 , 3 0

Subplot i ( 2 - 4 " ) 5 . 4 6 . 3 5 . 9 6 . 3 5 .9 8
Subplot 2 ( 2 - 4 ” ) 5 . 3 5 . 5 5*9 5 . 9 5 .6 5
Subplot 3 ( 2 - 4 ” ) 5 . 4 5 . 3 5 . 3 6 . 2 5 .3 0
Subplot 4 ( 2 - 4 ” ) 5 . 7 5 . 3 6 . 4 6 . 3 6 . 0 8

Subplot 1 ( 4 - 6 ” ) 5 . 6 6 . 3 5 . 9 6 . 2 6 .0 0 .
Sub) l o t 2 ( 4 - 6 ” ) 5 . 5 5 . 6 6 . 0 5 . 8 5 .7 3
Subnlot 3 ( 4 - 6 " ) 5 . 6 5 . 0 5 . 8 5 . 9 5 .7 8
Subplot 4 ( 4 - 6 ” ) 5 . 8 5 . 8 6 . 2 6 . 0 5 . 9 5

Kon-•Cultivated P lo ts

Subplot 1 ( 0 - 2 " ) 5 . 2 6 . 2 6*0 6 . 0 5 .8 5
Subplot 2 ( 0 - 2 ” ) 5 . 4 6 . 1 5 .7 6 . 1 5 . 0 3
Subplot 3 ( 0 - 2 " ) 6 . 1 6 . 3 6 . 3 6 . 5 6 ,3 0
Subplot 4 (0 -2 ” ) - 6 . 1 6 . 4 6 . 1 6 . 4 6 .2 5

S ubj -lot 1 ( 2 - 4 " ) 5.5 6 . 2 6 . 2 6 . 0 3 .9 8
Subplot 2 (2 -4” ) 5 . 5 6 . 2 5 . 9 6 . 3 5 .9 3
Subplot 3 (2-4” ) 6 . 1 6 . 2 6 . 2 6*4 6 . 2 3
Subplot 4 ( 2 - 4 ”) 6 . 0 6 . 4 5 . 9 6 . 0 6 . 0 0

Subplot 1 ( 4 - 6 ” ) 5 . 6 6 . 2 6 . 3 5.9 6 , 0 0
Subplot r> ( 4 - 6 " ) 5 . 5 6 . 1 5 . 9 6 , 2 5 .9 3
Subplot u ( 4 - 6 ” ) 6 . 1 6 . 1 ' 6 . 3 6 , 3 6 . 2 0
Sub], l o t 4 (4 -6 ”) 5 . 9 6 . 2 5 . 9 5 . 9 5 . 9 8

(Continued)

h inir~T----  1 m in iiiifiin



T a b le  1 6 . (Co nclud ed)

: ____________ ^ o T Y T t T .... ' ................... "
Treatm ent r'L...HepXTcg.tion " ..  : ....""
_______________ . 'x ; £ ... “,J'5....... t '4 Average

F a l l ,  1950

C u ltivated  P lo ts

Subplot 1 ( 0 - 2 ” ) 5 . 3 6 . 2 5 . 8 6 . 2 5 ,0 8
Subplot Ow ( 0 - 2 " ) 6 . 1 5 . 6 5 . 9 5 . 7 5 . 5 8
Subplot 3 ( 0 - 2 " ) 6 . 1 6 . 0 6 . 2 6 . 7 6 , 2 5
tu up l o t 4 ( 0 - 2 " ) 6 . 2 6 . 1 6 . 2 6 . 4 6 .2 3

Subplot 1 ( 2 - 4 ” ) 5 .4 6 . 4 5 . 0 6 , 3 5 ,9 8
Subplot 2 ( 2 - 4 ” ) 5 . 2 5 . 8 5 , 9 6 . 0 5 ,6 8
Subplot 3 ( 2 - 4 ”) 5 . 5 5 . 9 6 . 1 6 , 4 5 .9 3
Subplot 4 { £ - 4 ” ) 5 . 9 6 . 0 6 . 1 6 . 3 6 , 0 8

Subplot 1 ( 4 - 6 ” ) 5 . 6 6 . 5 5 .8 8 . 2 6 . 0 3
Subplot 2 ( 4 - 6 " ) 5*4 5 . 7 5 . 8 5 . 9 5 . 7 0
Subplot 3 ( 4 - 6 " ) 5 . 7 5 . 8 6 . 0 6 . 0 5 . 8 3
Subplot 4 ( 4 - 6 ” ) 6 . 0 5 . 9 5 . 8 6 . 0 8 , 9 3

Non-CultIvated P lo ts

Subplot 1 ( 0 - 2 " ) 5 . 3 6 . 3 5 . 9 8 . 9 5 , 8 5
Subplot o4uat ( 0 - 2 ”) 5 . 3 8 . 4 5 . 5 5 . 9 5 .7 8
»r  u b r / o t c- ( 0 - 2 " ) 6 . 1 .6 .4 6 . 2 6 . 5 6 , 3 0
Subp i ot ( 0 - 2 " ) 6 . 2 6 . 4 6 . 2 6*5 6 .2 8

Subplot 1 ( 2 - 4 " ) 5 . 5 6*4 6 , 1 8 . 0 6 ,0 0
Subplot 2 ( £ - 4 " ) 5 . 4 8 . 5 5 . 9 6 . 1 5 . 9 3
Subplot %V ( 2 - 4 " ) 6 . 2 8 . 4 p r*w 0 Aw 6 . 3 6 .2 3
Subplot 4 ( 2 - 3 " ) 6 . 0 6 * 4 5*9 6 . 2 6 .1 3

Subplot 1 ( 4 - 6 " ) 5 . 7 6 . 4 6 . 1 6 . 0 6 . 0 5
Subp1 ot 2 ( 4 - 6 " ) 5.G • 6 . 4 8 . 0 6*1 6 . 0 3
Subplot 3 ( 4 - 6 " ) 6 . 0 6 . 3 6 . 0 6 . 2 6 , 1 3
Subplot 4 ( 4 - 6 " ) 5 . 9 6 . 2 5 . 9 5 . 9 5 , 9 8
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Table 17 .  S oi l  a i r  apace and s o i l  volume weights  
determined for  t u r f  r e c e i v i n g  d i f f e r e n t  
amounts of c u l t i v a t i o n  in the  Frequency cf  
C u lt iv a t io n  s tudy.  November, 1 9 5 0 .

Cult iv&tion :.'   '""'r  'Itcpllb a t  ion 'ri" '  '.~t
Treatment______  :"'2 " ?",r 3 ' t ""  4 :Average

Per Cent Air Space

None 2 0 .2 2 5 . 3 2 3 .  a 2 3 .6 2 3 . 2

*3 5? O TJ D year 1 9 . 0 2 1 .1 2 3 . 7 2 3 .4 2 1 .3
Six per year 2 1 .0 2 1 . 9 2 3 . 5 1 9 . 5 2 1 . 5

Volume Weigh t

None 1 .5 1 0 1 .4 3 9 1 .4 4 1 1 . 4 8 2 1 .4 7
Two per ye er 1 .5 0 1 1 .5 0 0 1 .4 3 4 1 .4 9 8 1 .4 8
Six por ye ar 1 .4 9 0 1 .4 8 9 1 .4 5 5 1 .5 2 0 1 . 4 3
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Table 1 8 .  Hootgrowth, top growth, and thatch  determina
t io n s  made on c u l t i v a t e d  and n on -cu lt lv ated  
p l o t s  of the F a i r w a y  C u lt iv a t io n  Study# . 
October,  1 9 5 0 .

C u lt iv a t io n  :
J

R e p l ica t io n  :
Treatment : I  t S 8 $ s4 t Average

Grama of Topgrowth p er  40 Samples

C u l t i v a t i c n 7 . 0 6 0 .1 1 6 .6 0 9 .5 3 8 . 0 3
No C u lt iv a t io n 7 . 7 3 6 .9 7 7 , 2 4 7 . 3 0 7 .3 1

Grams <of Thatch per 40 Samples

C u lt iv a t io n 6 8 .2 0 4 7 ,8 3 6 2 ,9 6 3 5 .6 4 5 3 ,6 0
No C u l t iv a t io n 6 4 .6 9 5 3 .7 6 3 7 .6 3 4 3 .3 1 4 9 .0 5

Grams of Roots per .40 Samples

C u l t iv a t io n 7 . 2 4 8 , 5 7 5 ,0 4 7 , 3 6 7 , 2 5
No C u lt iv a t io n 6 . 9 0 6 ,8 6 6*46 6*53 6 . 7 0

W mm


