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INTRODUC TION

Turf cultivetion 1s a mechenical procedure that
produces a spilking, cutting, or coro-removing action on
the sod of established turf., It 1s used in an attempt to
reduce surface compaction of the sod; to encourage destruc-
tion of "thatch", which 1s a surfsce acocumulation of
leaves, stema, and roots; and to create soll pores in
which rcots can meke better growth, |

The development of turf cultivation has taken
plece mainly on golf courses where special problems are
found. So!l compeotion 1s one of the most common broblems,
and can be very severe where water is used In large emounts,
and where heavy traffic occurs on wet solls, The bent-
grasses, Agrostls spp., which are populer on golf courses,
develop & serioug thatch. This accumulstion or thateh is
associated with excessive water runoff on slopes and high
points of small undulations., On such areas the soil may
remain dry in spite of an abundance of rainfall, Turf
cultivation has beencmsidered useful for reducing soil
compaction and runoff. Other factors have encouraged the
practice; for example, many turfmen hope to improve soil "
aeration py creating openings in the sods Some claim to

maintein turf with cultlvetion in areas where they had

falled formerly without cﬁltivntion. Not only has the




gelf course superintendent shown & desire to use turf
cultlvation, but technical advisors also have encouraged
the practice.

The rise Iin popularity of turf cultivation 1is
shown by the rapid evolution of machinery created for the
jcbe One of the first tools, a potato fork, was usaed
approximately 25 years agoe Now more efficlont machines
are used such as the "Aerifier" (spoon), "Night-crawler"
(hollow tine), and "Turferator" (drill),

In 1948 &nd 1949, & serles of cultivation tests on
golf course type of turf were started on the New Jefsey
Agricultural Kxperlment Station plots end on a feirway of
the Kutgers Colf Course. These first studies were of
exploratory nature tc determine the general effect of
cultivetion and to find the most promlsing leads for
further investigation. This paper 1s & report on informa-
tion obtained in the study of these turf cultivation teasats
and relcted experiments. The roauits obtained from turf
cultivetion are recorded by moasurements of turf quélity;
root development; freedom of the grasses from dlsesse;
weed populhtion; and penetration into the sod of waﬁor,
lime, end phoaphorus, - Greenhduae studies were used to
measure the respronse of Colonisl bentgrasé, Agrostis

tenuis, to oxygen supply end soll compactions




KRIVIEW OF LITERATURE

Formal turf cultivation studies are not reported
in the literature, but some observations have been
recorded. Faulkner (17)1 reports that "the holes made in
the aod are filled with roots breathing in the pure
oxy.en', Abundent rcot development has been observed
meny times in the 'soll openings created by'turr cultiva-
tions This may occur in summer, e season when turf grasses
tond to develop short roots which represent only & small
part of the totel root system (18, 48). The roots found
in the holes created by cultivation mey be the result of
several factors, of which seretion is possibly one of the
most important. A number of investigations have shown
that corn (5), tomatoes (13), soybeans (4), end oats (19)
will develop & lerger root system in aerated soiutiona
than in unaerated solutionss Also, a number of soil
culture studies have shown that soil aeration gives a
marked lmprovement in root development for hydrophytes
(14), berley (3), corn (24, 25), soybeans (26), and sun-
flower (26). Simce these plants which represent a wide
range of hablitat show a response to Increased aeration}
there is reascn to expect & simllar response cn the paft

of the turf grasses.

lFigures in parentheses refer to Literature Cited.




VWork wilth crops other than turf show that so0ill
conpaction hinders roct development., Lawton (25) found
thet compactlon of the soil in greenhouse cultures reduced
tho root growth of corn plantss Other workera have shown
similsr results for barley (37), wheat (37), and sugar
beots (46)e These studles show that an increasse in the
ratloc of tops to roots 1s esnoclated with aoll compactions
Gonoral observations Indicete that thls same relationship
may occur for turfl grasses.

Skrdla (43) found that severo soll compaction did
not restrict the development of turf grasses nearly as
much If adequate nutrients were auppliod; This suggosts
that soll coupaction hinders the nutrient supplylng power
of the soll. Smith and Cook.(46) showed a lower rate of
nitrate production iIn compactad soill, despite the presence
of nitrogenous organic matter. Hubbell and G&rdner (22)
have ghown on two New Mexlco solls that soll compaction
reduces the bacterial populstion. Thus, soll compaction

may have influence on the growth of turf gresses &as @

result of 1ts effoct on the nutrient aupplfing abllity of

the soll organisma.

Cultivation of other crops has shown increases in
vields whlch have been attributod to the nitrate supplying
power of the soll (7, 32)« Lyon (28) found less nitrate

in uncultivated fleld soils; and he was able to increase

re————r——————
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their nitrate content by amersticn. The benefits provided
by cultivation of field crops suggest that ihoreaaed
growth of gresses may be obtained by turf cultivation.

Fasture studies have shown that soll écmpaction
csused by trampling greatly increases the smount of water
runoff (2, 15)s Rogers (39) reported that the runoff
from & one-inch rainfall on pasture land weshed off 9 per
cent of & £200=-pound per amcre spplication of triple super-
phosphates Hunoff 1s snother factor that msy hinder turf
development on compacted solls,

Many pasture and soil studies have shown thst lime
(11, 12, 33, 40, 41) and phosphorus (10, 30, 38, 40, 41,
80) penctrate the soil slowly. Longnecker and Sprague (27)
showed that surfaco applications of lime to established
turf{ ponetrate the soll very slowly. Midgely (31) found
that placing superphosphate in knife zrooves at 4-inch

intervals gave 57 per cent more topgrowth of Kentucky

bluegrass Poa pratensis_.pasture then surface applidation.
This study suggests that somé turf areas ﬁight benefit
from s cultfvation treatment 1f phosphorus penetration is
encouraged. :

The possibility of a veod'proﬁlom arising r}qm
cultivetion 1s suggested by viabllity studles of buried
seeds. Coss (20) reported on seed burial atudies in which

goosegrass, Fleusine indlca, gave 0.5 to 3.0 per cent

germination after 6 years; white clover, Trifolium repens,




gcave 3 to 4.5 per cent after 10 years (exclusive of herd

seoda)} buckhorn, FPlantago lenceolata, gave 245 to 3.5

per cent efter 10 years; broad-leaved plantaln, Flantage
mefjor, gave 5.5 to 83.5 per cent after 21 years; and red-

seeded dandelicn, Teraxascum erythrospermum, gave 0.5 to

8.0 por cent after 6 yoarse. Brenchley and Warington (9)
reperted that seed of grass specles, primarily annual

bluegrass (Poa snnus); chickweed (Stellaria media); and

speedwell (Veronica arvensis). survived for 8, 5, and §

years, respectively. On more recently esteblished aress,
cultlivstion of turf will expose buried seeds to conditions
that are fevorable for germination, walch suzgests that

cultivation may create or intensify weed problems.
METHODS AND PROCEDURES

Since a review of the literature did not revesl
any Invostigations on turf cultivation, it was not possible
to select any onoe phase to serve as i basis for study.
Therefere, the most importent need was to measure the:
response of turf grasses to cultlivation, and to obtain
information on the relative importance of fundaemental
factors that might influence the development of the grass.
Greonhouse studles were established to measure the response
of turf graaseé to oxygen level in nutrient solution. Also,

groenhouse cultures were used to study the effect of soil

T




compaction on Coloniel bentgrasse. Three field studies
woere established on falrway type of turf, and twotwere
established on putting green type of turf. Techniques
and descriptions of all individual fleld and greenhouse

tests arc given ln the followlng sections.
Groennhouse Tests

Solution Culture Aceratlion Study~-The effect of sclution

aerat ion on the growth of Colonial bentgrasa, Agrostls

tenuls, was studied in & series of three tests in 1948,

1840, and 1950. Seedling plants were grown in nutrient

solution under uniform conditions for one to two weeks

prior to the start of soluticn aseration. Each culture

containod three plents and each treatment was replicated

four times. Tne size of the culture jars was 2650, 2650,

end 1823 mls. for the respective tests. The mseration

treatments were of 33, 61, and 35 deys duretion, respec-

tively. The 1948 end 1950 cultures were not clipped, but the

1945 cultures were clipped six times at a helght of one inch.
Alr wes supplied to the treated cultures by capil-

lary tubes that were placed 3 to 5 cms. from the bottom of

the Indlvidual Jars. In all three tests, one set of cultures

received no air; a second set received alr bubbles at &

rote of approximately one per second, snd the third set of

cultures received a quantity of air that bubbled through

the solution at a rate too rapld for counting.




In ell tests, the major sslts used in solutiocn
preparaticn were Ca(X0z)o; KHoPO,, KoS804, and MgSog.
These selts were used st concentrations of 0,004, 0.001,
0.002, gnd 0,002 molur, reaspectively. The concentration
of the elements in terms of p.pems wero Ca 1680, K 112,

K 200, P 31, S 128, and Mg 49. Also,.Fe, B, ¥n, and Zn
were supplied at the respective rates. of 1.0, 0.25, 0.25,
and Ce25 pepems In the first test, the solution was
chenged at 3 to 6-day Intervals., Between changes, solu-
tion wes added as required to replace transpiration loss.
In the second test, the sclution was changed when any one
of the treatments reached a pH of 6.0, and solution was
added ‘as required to replace transpiration loss. In the
third test, the nutrient solution was Introduced by con-
tinuous flow from a reservoir through a ceplllary tube
thet oxtended below the surface of the culture solution.
In addition, speclal measures were used in this test to
control the amount of oxygen in the nutrient solution.

The oxygen content of the fresh solution was reduced by
bubbling nitrogen gaes through the preparation bottles,

The treated solution was then siphoned into reservoirs to
avold sny aeration from pouring. The solution in both the
reservolr and culture was covered with 4mm. of mineral oil

for the purpose of excluding oxygen (23).




The oxysen content of the culture solutlions was
determined by the Winkler method (29) during various
stages of the three teats. Dry welghts of roots and tops
wore determined for the group of three plants grown in
each culture. Petroleum other was used to extract the
mineral oll frou the drled plants grown in the third test,
snd the totel nitroaon in the tops and roots was deter-
mined by the micro-Kjaldahi method of Fepkowltz and Shive

(56)

Soll Compaction Study--Coloniel bentgross was grown in 8.2

liter, bottou-dreined jars (8:x11 inches). Ten jars were
filled wilth a sendy loam soil which was compacted to a
volume welght of 1.,64; and ten additional jars were fllled
to & volume welght of 1436« The plents in five of the
compact end five of the loose soil cultures were clipped
elght times to approximately one-half inch helght. The
plants in the remaining ten oultures were clipped three
times durin, the 20-week period to approximrtely one-hslf
inch height. Equivelent emounts of water were applied to
&ll treatments. At herveat, dry weights of clippings,
tonps, end roots were determineds The roots were washed
free of the soll mass snd drieds The dry root ssmples were
ashed and tue ssh-free dry weight 1ls reported as the dry

root welght.




Fileld Tasts

Frequency of Cultlivatlon Study-~The Frequency of Cultiva-

tion Study was establishod on & mixed turf, which was
predominantly Colonisl bentgrass cut to a three-quarter
Ineh height. Treatments of two and six cultivétions per
soason were mede during 1949 and 1950, with an Aerifier
equipped with one-inch spoons that penetrated 3 to 5 inches.
Figure 1 shows an Aerifier model, snd Figure 2 shows a
section of cultivated turf. The individual plots were 6
x 35 feet, und the test was in quedruplicate. A complete
fertilizer containing 25 to 33 per cent organic nitrogen
was spplied at a rate of 49 pounds of N per scre during
fpril and September of each year. Fertilizer ratios of
l-1-1 end 4-3-2 were used in 1949 and 1950, respectively.
Also, Milorgenite (6% organic nitrogen) was applied at the
rate of 426 pounds per aore in Key, 1950,

Tne soll of the test area had a ﬁH of 6.6, and is
2 losm conslstling of Pensauken gravel and red Brunswick
sheles The erea 1s a well-drained site on the New Jersey
Hxperimont Statlon turf plots.

Deta taken on this test include sctual counts of

crebyrass, Digpltarla saenvuinelis and Digitaria ischeum,

and dandellons, Taraxacum offlicinsle; clipping welights;

percentaj e estimetes of ennual bluegress, Poa annuaj per-

centage estimates cof Coloniel bentgrass; water penetration

= ,;!?_.T"‘r. e




Flgure 1l
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A section of an Aerifier reel, not in operation.
Tho springs serve to dbreak the soil cores and to
reduco the tearing sction of the spoons The
machine 1s used with or without the springs.
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rates; volume welgyht of the soil at 1-4 iInches*, &nd per
cent air space porosity at l-4 1nchesl.

To measure water penetration, a gelvanized metel
cylinder, 4.5 inches in dlemeter was driven into the turf
te a depth of 1.5 inchess A total of 700 mls of water
was poured into the cylinder, making a head of 2.7 inches.
The time required for this quantity of water to percolate
into the soll was measured, In thls and in all other water.
penetration tests, the individual readings for each plot
are based on a minimum of twenty roadings.

Twenty natural structure soil cores (3 inches in

diemeter and % inches in depth) were tsken from esch

treatnent to determine volume welght of the soll end per

cent alr space. These were anmlyzed for air space by the
use of Lhe pycnometer technique (35, 49). Following this,
the samples were oven dried for determination of volume

wei ht,.

llethods of Cultivetion Study--Three different methods of

cultivation were used on & mixed turf, which was predomi=-
nently Colonlal bentgrass, cut to a three-quarter inch
heighte In the first snd second methods, the Aerifier

wos uged to cultivete to depths of epproximetely 2 and §

JDeterminationa mode in cooperation with Dr. George H. Blake,

Assistant liesearch Specinlist in So0il Fhysics, New Jersey
Agricultural Experiment Station.
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A section of turfl cultivated with tho Aeriflier,
without the spring ettachment on the spoons.
Springs were not used in the present study.

The cores were broken and spread with u steol
mat o1 by the subsequent mowinge.
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1nohos, regpectively. For the third method, & digk érill
wes used to cut the turf at Intorvals of 7 Inches, Quad-
ruplicato treatments wore started on plota 6 x 26 foet in
October, 1940, and were repeated each spring and fall in
1249 und 1950, After each cultivation, a complete ferti-
lizer was used to supply a minimum of 64 pounds of nitrogen
per acrece The soll hsd e pil of 6.4, and 1is a loam consist-
ing of Pensauken gravel and red Brunswick shale. The test
site is located on & gentle slope on the New Jersey Exper-
iment Stetlon turf plots. The plots were rated for turf
quality; prescnce cf clover, crebgrass, eand dandelions;

and rate of water infiltrations Turf quality wes ratved on
g scale of 1, 2, 3, 4, eto., the lowest velue representing
the best quallty. Clover ratings represent estimated
percontages. Cratgrass and dendelion retings were deter-

mined by sctuel plant counts.

Time of Cultivation Study--Time of cultivation trestments

were ostabllished on sesslide creeplng bentgrass, Agrostis
palustris, cut at a height of four-sixteenths toc five-
slxtoeontha inchs The dates of cultlvetion for the different
troctuonts weore spring, surmer, fall, apring and summer,
spring and fall, summer gnd fall, end a combination of all
three secsons.

All cultivation treatments were made with the

Aerifier equipped with one=half Inch dlameter spoons. The
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entire test area was topdressed with improved topsoil
after each cultivation treatment. The soll used for
topdressing was & sandy loam that contsined 12 to 14 per
cont orgenic mettores In addition, 2 minimum of'3.5 pounds
of actual nitrogen was applied per 1,000 square feet each
segson. The treatments were in triplicate, and the culti=-
vation plots were 5§ x 20 feot in alzes The treatments

verc started in the fell of 1948, and were c¢ontinued

thrawigh 1049 end 1950, During the 1948 and 1949 sesasons,
ell crabgrass plents were removed before fhey gsot seed.

In August, 1980, counts of individuval plants were made

for each plot at the time of hand-weeding. Vater penetra-
ticn re«dings were teken in November, 1950 The test is
located on the turfl plots of the New Jersey Experiment
Stations The s0ll had & pH of 6.6, and s 2 loam consist~
Ing of' i'ensauken gravel and red Brunswick shale. The area
recelived less treffic than the typiocel putting green, but
thils wag pertlielly offset by the fact that the soll texture
is heavier and conteins less organic matter than most golf

greeng,

Bentgrass Cultivstion-kate of Nitrogen Study--A seaside

creeping bentgrass turf cut to a height of four to five~
sixtecentiig of an inch was used for the test area. The

treatment included three rates of nitreogen on cultivated
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and non=-cultiveted turf. The nitrogen treatments used
were 3.2, 4.8, and 6.4 pounds of sctuel N per 1,000 square
feet eaciti season. Each nitrogen plot:was aplit-into sub=
vlots of cultivated and non-cultivaeted turf. The treatments
were in triplicate, and the cultivation!plots were 9 x 30
fect. The Aerifier was used with one-half Inch spoons
each sapring and fsll. The entire test erea was topdressed
with luproved topsoll after each cultivation treatment.
The test was esteblished on a loam soll, consisting of
ienseuken gravel end red Brunswick shale. The treatments
wore made during the 1949 and 1950 seasons. In 1950, the
actual number of crabgress plents and the amount of large

brownpatch, Hhlzoctonlae solani, were recorded for cultiva-

ted anéd non-cultivated plots. Large brownpatch was rated
by percontage estimates, and the total aree of individual

Infectlons weas dotermined by diameter measurements.

Falrway Cultivetlon Study--A cultivetlen study was started

in Qctober, 1948, on the ocuter curve of fairway #2 on the
Rutgers Colf Course. The Aerifier, equipped with one~inch
spoons, was used each spring and fall prior to any chemical
topdressing. In the fall of 1948, and in the spring and
fall of 1949, two simultaneous cultivations wore made on

cach treatment date. These treatments which accounted for

8ix cultivations, plus two more made in 1950, gave a total




w1577 g

of eight for the test periods The avorage penetratlion of

the spoons varied from 25 to 5.0 inches. The cultivation

plots wore divlided into four subplots which received differ- x
ent chemlcal topdressings. One subplot received inorgsnle
fertilizer only; s second received ground limestone plus
fertiligzer; a third recelved gypsum plus ground limestone

plus fortliliger; end the fourth served as a checks For

each of the spring end fell seasons, the rates of chemical
application per acre were 44 to 52 pounds of nitrogen, 87

pounds of Pp0g, an asversge of 1,100 pounds of ground lime=-

stone, and en average of 825 pounds of gypsume. The culti-
vaetion treatments and the subplot treatments were in
quadruplicate., Kentucky bluegrass and snnual bluegrass
formed the greatef part of the turf, which was cut at an
everage helsht of one inchs The soll of the test area has
a clay loam texture and {sashallow red shale of the Penn
series. The treatments were rated in 1950 for percentages
of turf cover, clover, annual bluegrass, and crabgrass.
Weter penetration rates were determined on cultivated and

non-cultivated turf In October, 1950.

Eighty plant samples including surface thatch were
obtained in October, 1950, by use of a 3 x 6 inch ¢ylinder.
Forty samples were collected from the cultivated treatments

and forty samples were collected from t he non-cultivated

treactments made on limed and fertiliged turf. The soil was




washed from the roots with & gentle stream of water. The
washed sniuples were seperated into topas; stems, roots,
and leaves found in the 0=~1.25 inch soll horizon; and the
roots found in the 1.85-8 inch soll horizon. The washed
and dried samples from the 0-1.25 Inch depth and the 1.25-6
inch depth were ashed with & 600° C tempersture. The welight
loss by combustion gave an ash-free dry weight which is
repcrted as dry weight.

Soil samples were collected twice per year in
1949 and 1060, A totel of six one-inch soll cores were
collected from each plot and divided into 0-2, 2-4, and
4-6 inch deptha. The composite somples representing the
three depths were dried, and screened for testinge. Tests
vere nade for pH and avallable phOSphorual. A onetone
ratlo of soll and waeter was used for determination of the
pi with a zless electrode. The phosphorus extraction was
made by electrodislysis in a 0.08X boric scid solution.
The yhosphorus determination was made colorimetrically,

using a photoelectric colorimeter.

1

The samples were tested by the soll testing laboratory of
the New Jersey Experliment Station under the supervision
of We J. Hanna ond E. Re Purvis.




RESULTS

Solution Aeration of Bentgrass Cultures--Table 1 shows the

influence of solution aeration on the develcpment of
Celonlal bentgrass es measured in three different tests.
In the first test, serated solutions, compared with unser-
eted sclutions, gave significant increasesl in root growth

and tepgrewth of Colonlel bentgrass, Agrostis tenuis, A

severe attack of aphlds terminsted the test earlier than
rlenned. 0Only one test for oxygen content of the solutions
hed boen nade et the time of harvest, and the wvalue of 3.5
Peleli. recorded for the uneereated solution probably is not
indlcative of the oxygen tenslon mainteined for t hls check
treatment. At no time did the unaersted cultures appear
to auffer from a lack of oxygon, nor did the visual appesr-
ence of the plants notlceably indiéate_tho differences shown
by the dry welghts. The failure of the plants in the unaer-
ated cultures to show marked deflcliencies indicated the
desirablllity of running 2 seccond test of longer duration.

In spite of the longer duraticn of the second test,
toe plonts showed far less response to seration than in the

first test (Table 1, Tests A end B)e The topgrowth and

1Tne slgnificance of sll difforences was detormined by
enelysls of variance (47). Throughout the context of
this theals, the term significaence refers to statistical
significance et the 5 per cent level; and the term
hizghly slgnificant refers to statistlcel significence at
he 1 per cont level,




Table 1. The influconce of mutrient solutions difrerlng
in oxygen content on tho development of Colonlal
bentgrass, LAgrostis tenuls. :

: : tAVe. Dry %te :Ratlo
Gress tferatlion: Dissolved:per 3 plents:of tops
reatmeont t level ~: Oxypen :Tops: Hoots :to roots

PePeile (giN8e {8

Test A, 1948

Unclipped none B.50T 7,73 1.32 5,93
Unclipped medlunm 2.65 0+.383 1l.48 6e39 -
Uncli;ped high 4,63 11.23 2,12 5438
L.5.0e 5% level® 2.32 0425 . NeSe

Test B, 1949

Six Clipplngs none 1.36°  10.88% 0,74 14,61
Six Clippings modium 4,22 11.61 0.?8 220
Six Clipprings high 6e34 10620 0693 1l.ll
LeSeDe 54 level ' NeSe NeSe NeSe

Test C, 1950

Unclipped none 0425  4.64 0.08 - 4,96
Unclipped medium 0.70 5460 1.17 477
Uncl Ipped high 4460 . 5.85 180 . 3.84
L.5.Ds 5% loevel ' NeBe 0e49 1,20

l,n avarage value of thrée replicatlons based on one
ﬂanalyaia per culture.
SL.Q.D. = difference required for lignificanoo.,

An average value of three replications based on six
analyses per culture.

ipae values for tops include clipplnb welghts.




rootyrowth welshts of the aerated cultures did not differ
significaxtly from those of the unaserated cultures. How-
sver, thc rcot welghts of the high seration cultures were ,
consistently grester than those of the check. It was
necessary to clip the plants to eontrol the topgrowth dur-
ing the test perlode The averdge oxyigen content ol the
scluticn cbtalned (rom the six different sampling dates

gave 1,36, 4422, and €.24 pe.pems for the low to the high
lovels of ceration, respectively. The lowest oxygen tension

of 1.36 appears to have been too grect to produce serious

reatrictions on the development of the grass plantae

An enalyais of the culture solution for the third
test of Table 1 showed 0,85, 0.70, 8nd 4.60 p.peme ¢ oxygen
for the non-aeretod, Intermediate, end high levels of mera-
tion, respectivelye. The bentgrasa plants grown in the
lotter solutlion ylelded 26 per cent more topgrowth and 84
per cent more rootgrowth than the plants In the unaerated
soluticns; the latter difference was significant. As in
the previcus tests, the ratio of tops to roots wes greater
for the plants srown in the unserated solutions than for
those grown In the smerated solutions. Table 3 shows that
the rcots of the plants developed in serated solutions were
longer, and Pigure 3 Showé thet thoy wero more highly branched
then the roots developed in the unaersted solutions. The
values for topgrowth, rootgrowth. ard top to root ratlo were
intermodlate for the plants grown in the solution of medium

soration.




Flgure Ja

Golonlal bentgrass grown in nmatrient solution,
vhiich recelived different amounts of serstion
(1950 tost)e From left to right, the seration
trecatments weret no aeration, medlum aoration,

and high aeration.




Table 2. The influence of different levels of aeration
on root length and on total nitrogen content
of Colenial bentgrass, Agrostls tenuls, grown
in solutiocn culture during 1950,

: :Solution:
Leration ¢! Root ¢ pH sAverepe Nitrogen Content
levol tlength: May 6 &~ Tops : Roots
CILiS o : per cent ¢ per cent

Hone 2640 6.20 3.18 2425
¥edium ;103 6035 ’ 4038 2.68
LeS.Ds 5% level 4.1 0.52 0465
LieSella 1: level Nelbs seoe 0.79 0.98

Teble 2 shows that the pH of mersted solutions
tended to increase more rapidly than the pH of the unaerated
solutions. This indicates that the plants of the aersted
cultures probably were absorbing a greater total quantity
of nltrate nitrogen than the plants in the unaerated solu-
tiong. Analysis of the plents for total nitrogen showed
thet solution seration significantly increased the nitrogen

content of both tops end roots.

FEosults Obtained with Soll Compaction Cultures--The effect

of soll compaction on the growth of Colonial bentgrass in
8 x 11 inch Jars in the greenhouse is shown in Table 3.

The roots of Colonial bentgrass grocwn in soll having a

volume welght of 1.36 had a grester total weight and were
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nore extensive than the roots grown in soil having =2
volume welight of l1.64, as shown by Table 3 and Figure 4,
respectively. When eight c¢clippings were tsken, there was
a highly significant difference betwoen the e¢lipping
welghts of plents grown in compect soll and the clipping
wolghts of plants grown in less caupact soll; when throe'
clippings were teken, the difference approached signifi-
cance. The plant tops did not show any significent
difference with respect to the volume welght of the soll.
Tne ratio of topgrowth to rootgrowth was significantly
greater for the plents grown in the solls with the h}gher
volume welghts than for the plants igrown in the solla with
lower volume weightse. Greater f{requency of clipping, come
pared wlth less frequent clippling, resulted in significant
reductions in the dry welghts of tops, roots, and ¢lippings.

The Effect of Cyltivation on Turf Quality--The effects of

cultivetion on turf quality are reported in Tables 4, 5,

and 6 in terms of turf rank; clipping welghts; the quantity

of Colonial bentgrass; freedom from clover and annual blue=-

cress; and the amount of turf cover. A
Clipping welght averages determined in August, 1950,

for the Freguency of Cultivation Study were simllsar for the

cultiveted and uncultivated plots (Tseble 4). The six per

cent lower yleld of the plots receiving six cultivations
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Filgure 4. Colonial bentgrass grown in cul tures that
recolved different Intonsities of soll compec—
tion end elippinge From left to right, the
treastnonts were: (1) compaction - 8 elippings,
(2) no compaction = 8 clippings, (3) compaction
- & clippings, and (4) no compaction « 3
clippingse




Teble 4, Turf quelity observed on plots receiving two end
six cultivations (Aerifier) per season in the
Frequency of Cultivation Study. 1950-10851.

: Clipping :__rercentage of furl Cover
Treatment : : Coloniel 3 Annual
: Weightal 3 bontgra352 s bluegrass
28 . per cent $ per cent
%o cultivation 68,8 4745 31led
Two cultivstions 673 46,3 S0 8
Six cultivations 6443 50.0 30.0

Differences not significant et the 5% level.

lc1ipping welghts ere the averasge dry weight yleld teken
from a 24-inch mower swath through the length of the

~Plot, August 21, 1950,

“tverege of estimates taken March 24, 19861,

conpared with that of the uncultivated plots did not
represent a signiflicant differences Estimated percentagoes
of Colonial bentgrass and snnual bluegrass on cultivated
and uncultivated plots 1n March, 1951, did not show any
significant dif ferences or trends in favor of cultivation.
Numorical ratings were given for turf quality and
clover percentage in 1950, for the Methods of Cultivation
Study (Table 5)« The plots cultivated with the Aerifler
and the disk received a lower average rating for turf
quality then the non-cultiveted plots; the differences
between .1 plota on which the Aerifier was used and the
plotas on which 1t was not used were statisticelly signifi-

cant. The percentage of clover-infested turf was greater,
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Table 5. Turf{ quality snd per cent clover on plots
recolving dlfferent cultivaetion treatments in
the Methods of Cultivation Study. September, 28,

Cultivation Treatment : Turf Ratingl : Clover Ratingz

per cent
No cultivation : 249 20
Aorifier - 2 inches 345 15
Aerifier - 5 Inches 33 16
Disk drill -1 5 18
L.S.D. 5% level 0.34 NeBe

1lplots were rated on the amount of good turf, A value of
140 indicates the best quallty.

“The clover reting 1s based on the per cent of the plot in
walch clover was established,

but not significantly greater, on the non-cultivated plots
then on the cultivated plots.

The Feirway Cultivatlion Study was rated for the
percentage of turf cover, clover, and annual blueygrass
(Table 6)s The cultivated plots had 8 per cent more turf

cover, 3 per cent more clover, and 10 per cent more annual

bluegrass than the uncultivated plots. However, the differ-

ences were not significant. The increase in turf cover
may have been assoclated with the higher ennual bluegrass
reting givn the cultivated plots.

Turf quality retings were not 51veﬂ fof the creep~

ing bentgrass studlies. Except for the openings created in




Teble 6. Turf cover, per cent clover, and per cent annual
bluegrass on cultivaeted (Aerifier) and on non-
cultivated plots of the Falrway Cultivation Study.
Qctober 8, 1950,

: Turfl : t Annual s
Cultivation Treatment tCover :Clover2 st..uegrass
per cent:i:per cent: per cent

Cultivation, Spring & Fall 83 18.1 46
No Cultivation 77 17.5 42

Differences not aignificant at 5% level.

1Turf cover was estimated on the bssls of the percentage

,area covered with grasses.

“The clover ratings are estimates of the per cent of the
plot 1n walch clover wes established.

The ratings are estimetes of the ps rcentage of the plot
occupied by ennual bluegrass.

the turf by cultivation, no visual differences were observed
between the cultivated and the uncultivated plots. The
results obtalned from three attacks of large brownpatch,

ithizoctenia solanil, on thlis test are reported in Table 7,

Disesseo ratings from cultiveted and uncultivated plots did
not show any consistent or significant differences in the
ineidence of lerge brownpateche An 1ncregsed rate of nitro-
gon fertilizstion appesared to Increase the smount of dlsease
on botn cultivated and uncultlivated plots; however, héne
cf the rosults differed significantly.

%With rogard to all tests, estimates of the quantity

of amnusl bluegrass and clover falled to show significant




Table 7. The smount of large brownpatch, ihigoctonis
golanl, occurring under dif ferent nitrogen and
cultivst ion treatments of the Bentgresss Culti-
vat lon-=iigte of Nitrogen Test. 1950

Thstimated: nstimatecd: inliected
Troatment tInfectiontInfection: Area

: July : Septe :Sept. &

per cont per cent s8qe. in,.

Mo Cultivatlion (6.4 1lba. ¥) 33 20 2656
Cultivztion (644 lbs. X) 32 7 3109
No Cultivation (4.8 lbs. N) 23 21 1450
Cultivaticn (4.8 1lba. N) 18 23 2480
o Cultlvetion (3.2 1lbs, N) 3 24 2120
Cultivation (3.2 1lba, N) 7 20 1678

Differences not significant at the 5% level,
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or consistent reductlions for these undesired plents as

o rosull of cultivetion. Xo significant improvement in
turf quaellity was produced by cultlivetlion on any of the
fleld tosts. In foct, In the Methods of Cultivation
Study, the turf retings for two of the cultivatlon~£raat-
ments were signiflicantly lower than the turf{ ratings for

the ne=cultivatlion trestment.

iiosnlts Pertalning to the Effect of Cultivation on Weed

fopuluations==All of the test areas were virtually free

of dendellons waen the tests were started in the fall or.
1048, and the spring of 1949 FPlant counts taken in
1980, ¢n cultlivated and uncullivated plota, failed to
show that cultivetlon had encouraged & significant in-
cresse In the number of dandelions (Teble 8)e A heavy
populaticn of buckhorn plants developed on the Falrway
Cultivation Test cduring the test periods The cultivated
plots hed 11 per cont more buckhorn plants than the
uncultivated plots; however, this diffeorence is not
significent (Table 8).

The quantlty of crabgrass in the cultiveted and
non=cultlivatoed pletas of falrway type of turf 4id not

differ si nlficantly for any of the tests (Table 8),.

Ml
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Table . Quantities of dsndelions, crabgrass, end buckhorn
obgserved in cultivsted and non-cultivated plotsa
of falrway type of turf. 19350,

t Aversge @ Average : Averageo
Trestment tnumber of tamount of :inumber of
sdendelionsteraberass’ : buckhorn

Frequency of Cultivetion Study

Ne Cultivetion 17.8 326 ese
Two Cultivetlons/yesr 1545 435 cee
Six Cultivetions/year 16.8 323 ees

Vethods cf Cultivetion Study

Ko Cultivation l.2 7 vesn
terificiy - 2 inches 1.0 03 ces
fAerifler - 5 inches =% § 88 see
Disic drill 1.2 105 ces

Fairway Cultivetlon Study

Cultivaetien 85,0 38 320
No Cultivstion 820 42 287

Differences net significent &t the 5% level.

lTho amount of crabgrass for the first two studies 1s
recordeod as an averege of the number of plants count ed.
The rstlngs for the third test are avernge estimetions
of the per cent of ares infested with crebgrass.
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Cultiveted plots cf tho different tests hed from 11 per
cont leas crob,rags to 36 per cent more crabgrass then
the non=-cult iveted plots. In the Frequency of Cultlvae=-
tion Tesat, trectments rocelving slx cultivatlons end no
cultivaticn had en average of 323 snd 32€ crabgrass
plants, roespectively. In no test could any marked cone
trests in the emount of craebgrass in cultiveted and

uncultiveted treatments be recognized by visual inspection.

. The quantity of crabgrass found in cultivated
end non-cul tiveted plots of creeping bentgrass turfl are
roported in Table Pe 1In the‘Time of Cultivatlon Study,
five of the seven rultivation trestments had 31 to 59
per cent lesa crabjrass then the check. Spring end
summer cul tivetlon did not show & tendency to Increase
the smount ¢f crebgrass. In the Bentgrass Cultivstion-
fiete of YNitrogen Test, the cultiveted treatments had
12, 17, and €8 per cent more crabgress then their respec-
tive non~cultivated counterparts. The average number of
crabgrass plunts in the cul tivated plote of creeping
bentyrass turfl did not édiffor significently from the

number in the non-cultivated plots for either test.



Table 9« The quantity of orabgrass found in cultivated
(ferified) end non=-cultivated plots of creeping
bent turf., Au&ust, 1950.

: Average number of |
Cultivation Treatment H crabgrass planta i

Time of Cultlvetion Study on Bent Turf

Aerifiler '
Spring 130
Summer 104
Fall 62
Spring & Summer 61
Aerifier :
Spring & Fall 65 ‘
Summe r & Fall 40 |
Spring, Summner, & Fall 68
Check==no cultivation 28

Bentgrass Cult ivation-Rate of Nitrogen Test |

No Cultivation (6.4 1lbs. of N) 22
Cultivation (6e4 1lbse of N) 37
No Cultivstion (4.8 lbs, of N) 17
Cultivat ion (4.8 1lbs, of N) 19
No Cultivstion (3.2 lbs. of N) 52
Cultlvation (3.2 1bse. of N) ) 61

Differences not significant at the 5% level.




itogsults of Vinter FPenetration Tests--Weter penetration

retes obtalned on cultivated and non-cultivated turf are
reported iIn Table 10s No signiflicant differences were
found between the rates of water penetration on cultivated
and non-cultivated turf for any of the four studies on
which mo ssurements were takens. The maximum increase in
percolation rates was 18 per cent, and the maximum decrease
in percclation rates was 50 per cent for the cultivaeted
plots, compared with the uncultivated plots., There was a
trend fa the percolation rates to be lower on the culti-
vated plots then on the uncultivat ed plots of both the
Falrwey Cultivation Study and the Time of Cultlvation Study
on Bentgress Turf. This trend 1s of interest, since these
tests would appear to offer the greatest cpportunity for
cultivetion to improve the percolation rate. In the first
test, the soll ig of the heaviest texture found oh eny of
the tests (clay loam), eand it receives heavy fairway traf-
fice The soll of the second test area has a tendency to
be more compeact as & result of the higher water usege and
the increased mower traffic that 1s assoclated with the
putting=-green type of turf maintensnce. Also, this latter
area has been treated with arsonste of lead, which has
destroyed most of the earthworm population,

The water penotration rates far the Felrway Culti-

vation Test are assembled according to chemical topdressing




Table 10, Water penetration rates on cultivated and non-
culti vated plots of fairway and putting-green

type of turf. Fall, 1850,

:Number :Time ¢
SaenT tsince ¢

‘Wator

Cultivation Treatmenta sCulti-~ :Culti-:penetra&ion

tvations:vation:

rate

days :cc/cm</mine

'requency of Cultivation Study
September, 1950

I.'o Cultivation ) vee
Two cultivations 3 LY

Six Cultlivations 11 32

Kethod of Cultivation Study
September 30, 1950

No Cultivstion ) Qoo.
perifioer - 2 inches 4 184
Aorifier - 5 inches 4 184
Disk drill 4 184

Falrway Cultivation Study
October 13, 1950

Mo Cultivation s e
Aeriflleor 7 186

3495 -
5486
4433

Je31
369
389
3443

Timo of Cultlvation Study on Bentgrass Turf

November 14, 1950

Aerifier

Spring 2 224
Summer 2 315
Fall 3 50
Spring & Summer 4 115
Aerifier
Spring & Pall 5 50
Summer & Fall S5 50
Spriag, Summer, & Fall 7 50
Chock - no cultivation .o sse

0.65
0.71
0.56
0,51

.0.82
0.38
0.55
0,175

Differencos not significant at the 5% level.

lone average ponotration rate 1s based on 80, 160, 240,

and 60 cylinder readings for the respectlive tests.
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treatmont in Table 1l. The" plots roceiving lima and 1lime
plus gypsum had 23 and 13 per-cont bighor'water ponotration
rates, respoctivoly, than the plots receiving fertilizer
only. While the differencos are. not signlficnnt, tho
results show a rathor ocnaiatent trend for more rapid

water ponetration on tha limo treatad plots. '
‘Table 11« The efrect'offiime dnd gypsuh on ﬁhérpenetration

rete of water 'into eatablished turf of the
Fairway Cultivetion Study.,_Octobor;lS; 1950.

" : water FPenetration Rate
TR iy None 3

Treatment chltivated 'cultivatod : Averége
Plots ¢ Plots : ' Rate
| E cc/cm“/min..co/cmﬁ/min..cq/pmz/min.
'Fertilizer i e - S bR R GRS 51
' Lime-fertilizer « ' .51: {Tu00 %51 L.80
- Gypsum-lime-fortilizer 1,65 ' . 1.06 1.26

Differences’ not aignii’icant at the 5% levelo

*

Results of Pngb Toats-~The orrects of, cultivation on the
penetration rates of phoaphorus are given in Tablo 12.
Avallable phoapborus is reported for samploa takon at 0-2,
2-4, and 4-6 inch soil depths from fertilizod turf of the
Fairway Cultivation study.‘ Statistlcal analysis of the ﬂ
resgults obtained for the apring of 1949 and tho spring and
fall of 1950 did not ahow significant differencea in the

amount of avallable phoaphorus for snmplea tayen from



Teble 12+ A sunsary of the offects of cultivation
(Aerifier) on the penetration rates of
phosrhorus into the sod of the Falrway
Cultivetion Studye. 1045-1950, »

thopth ¢ Avolle YhoSe (F005) Ver Acre-
Cultivetion ¢ of t Spring Fall Spring Fall 2 yre
Treatment tSamples 1949 1049 1950 19850 8Ve

inches 1bs. 1lbs, 1bs. 1bse lbs.

Cultivetion Q=2 21.9 26.9 46.5 5607 37.8

Yo Cultlvetion Q-2 20.9 177 434 59458 354

Cultivatlcn Cwd Ted 8,0 0.6  13:0 9.5 |
Yo Cultivation 2-4 70 768 10.5 13.8 D8

Cultivstion 46 8,00 ' Bod v BE " B8 8B

Yo Cultivaetion 4-6 57 4,0 549 0.9 ; Ced

1

The values given are the average of the three svwbplots
recelving phosphorus fertilizer. The values for the Fall,
1049, tests sre the average of two repllcations, and those
for thhe other geerscnul tests are the average of four
replicetionas Analysis of the Spring, 1949, end the 1950
results did not show any statigtical dlfferences ot the

b‘ leveles

cult ivated and nonecultivated turf. Table 12 and Flgure 5
illustrate the results obtalned in the two-year period,
which ghow & rather coneistont trend for the phosphorus
readings to be higher in the 0-2 inch soll horizon of the
cultivated plots then of the uncultivsted plotss Thls was
reflected in the two-yesr average as a 6 per cent increase.
The two-yoar averages of POy at the 2-4 and 4«6 inch levels
were very similar for the cultivated plots and the non=-

cultivated plots.
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The svalleble phesphorus reedings for unfertilized
plots of cultivated snd non-cultivated turf sre glven in
Table 13« The cultivated plots gave 30, £6, end 2 per cent
hi.her phosphorus values in the O-2 inch, 2«4 inch, and
4-6 inch soll horizons, respectively, than the uncultivated
plots. In sddition, Teble 13 and Flgure & show a trend
for the plhiosphorus readings to be higher in the 0«2 end

2-

ineh horizons of the eultiveted rlots then In the

[N

corresponding horizons of the uncultivated plots. The

available phosphorus readings of the 0-2 inoh depth of the

1950 spring test were significantly bigher for the cultli-

veted treatmont than foar the uncultiveted treatment.

Table 13. Availsble phosphorus in samples collected at
three soil depths from unfertilized plots of

cultivated and none-cultivsted turf of the Falr-
way Cultlivation Study. 1849-195C,

tDonth ¢ Avallable FeoDe per BCD 6
Cultivation $ of s Spring rall Spring PFall -year
Treatment :Semplet 1949 1049 1950 1950 eaverage
inches 1lbse 1lbse 1lbs, lbs. 1lbse
Cultivation 0=2 20,8 18,0 17.5° 16,0 18,1
No Cultivation J=2 13,8 20.0 1040 11,8 1349
Cultivet ion S=d 8.0 6.0 7ed 740 Ted
ilo Cultivation 2=4 Ged 5.0 4.0 70 De6
Cultivation 4-6 BeB ° 540 546 445 5.l
o Cultivst lon 40 4,5 5.0 563 540 S0

1111 values except those for Fall, 1949, are the aversge
of four replications. The values glven for Fall, 1949

.arc the avorege of two replications.

“The trestment differs significantly from the check et the
57 level, Gtatistical tests wore not run on the velues
for the fall of 1949, and those of the two-year average.
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The results of the soil tests for phosphorus on
the Fslrway Cultivation Study werc assembled according to
chemical treatment In Table l4. The availaﬁle phosphorus
readings were slgnificently higher on fertlllized plots
then on unfertilized plots &t the 0-2 and 2-4 Iinch depths
in the spring of 1950, and at all depths'in the fsll of
1950. In the fall of 1949, at the 2-4 inch soil depth,
the use of gypsum and lime with fertilizer gave a 90 per .
cont higher availasble phﬁsphorus reading than the checks
This suggests that chemical treatment mey have given
appreclable increases of avallable phosphorus at the 2-4
inch depthh after 12 monthss Table 14 also shows a general
trend for the avallsble phosphorus readings to be highest
in'the sanpleos collected from the fertilized plots that
recelved sdditiongl treatment cf lime and éypsum. The
combination of lime plus gypsum ﬁlus fertilizer, which
generally gave higher aveilable phosphorus readings than
li.e6 plus fertillizer, gave significantly highor readings
for the 0-2 and 4~6 inch depths in the fall of 1950,

The pil velues for the Fairway Cultivetion Study--The effects
of lime applicetion on the soil pH of cultivated and ﬁon-
cultiveted turf ere given in Table 185 and Figures 7 snd 8.
In overy semsonal comparison, the averags pH readings of

non-cultivated plots were slightly higher than those of the
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Teble 14. The effect of fertilizer, lime, and gypsum
treatment on the available phosphorus content
of s0il samples teken at three depths of the

1940-1950.

Felrway Cultivation Study.

sDepth Availsble i'50g per aorot
Treatwent : of :Spring Fall Spring Fall Z-year
:Semple: 1949 19490 1950 1950 averege
sinches: lba. lbse lbDse. i1bse 1bse
Check 0-2 1% vS 19,0 13.8 13.9 16.0
Fertilizer 0-2 19.9 16,86 33,1 5240 30 +4
Lime Fertilizer 0©-2 219 2le7 493 58.1 37 «8
Gypsum lime
fertilizer Q=2 225 275 51.0 64,4 4] 44
LeSeDe 5,'5 level NeSe 2o 10.2 12.4 seve
! PRy 1?( lovel NeSoe B R 14,6 17.8 evee
Check Z=4 701 5.5 5.6 7.0 603
Fertilizer 2=4 66 S 8.8 12.2 9.0
Lime fertilizer 2«4 7ed 565 Peb 15.3 Q.4
Gypsun lime
fertilizer e-4 T7¢5 1200 11.8 11.9 1008
hisSals 5‘: level NaSe 'XEE | Sa7 4,0 sooe
LieSeDs l:(» level NeBe sene Ne8Sae 5.8 eose
Check 4-6 4, 5.0 S5e4 4.8 5.0
Fertilizer 4«6 6.0 443 5e6 8.0 6.0
Lime fertilizer 4-6 5.6 463 6.9 8.0 8.2
Gypsum lime : }
I‘ortilizor 4«6 Ged 5.0 Q¢S 1l e3 7 «Q
Lia Sl 5’,’; level NeBe eease DNeBoe Sel veen
LeSeDe 1',3; level NeBoe sese NeSe 4,5 seee

l7he values for Fell, 1949, are the average of two repli-
cations, und those of the other seasonal tests are the

No statistlical analysis

was nade for the Fall, 1949, or the two-year averasge.

averapge of four replications.
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Teble 15« The asversgoe pH values of cultivated and non-
cultivated plots of limed and unlimed turf
of the Fairway Cultivation Study. 1949-1950,

iDepth ¢ Average pH value:
Cultivation ¢ of .: Spring ¢ Fall : Spring : Fall
Treatment t3ample: 1949 ¢ 1949 : 1950 : 1950
inches:
Limed Plots
Cultiveticn 0-2 Bel3 S5.60 6,08 6425
No Cultivation 0=-2 6e1S 5465 6+30 630
Cultivation 2-4 5.78 5440 5,80 5,98
No Cultivation 2-4 6400 5,70 623 6428
Cultivstion 4-0 5273 5650 5.78 5,88
No GCultivatiocn 4~5 5.98 5,70 6420 6el3

Unlimed Plots

Cultivation 0=-2 5,70 5¢35 5455 5.58
No Cultivatlon 0=2 5,83 585 5,83 5,78
Cultivation 2«4 5,80 535 5,65 5,68
No Cultivation 2-4 5.93 595 5.98 5,98
Cultivation 4-6 570 5450 573 5470
No Cultlvation 4«86 5.88 5490 5093 . B84G3

1411 velues sre the average of four replications, except
those Tfor Fall, 1049, which are th: average of two
repiications,
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cultivatod plots. The pll values are assembled to show the
effect of lime treatment in Table 16, After 18 months,
sose of the limed plots showed higher pH wvelues at the

2«4 inch depth then the check plots. Alfter 24 months,

no effects of lime epplication were apparent at the 4-6

inch dopthe

]
3031 Alr Space and Soll Volume VWelghts Determined for the

Frequency of Cultivation Study--Table 17 glves the soll

air spece roadings end the volume weights obtained from
turf recelving different amounts of cultivation. The
samples teken from cultivated twrf hed consistentliy lower

air space readings end higher volume welghts than the

samples taken fram the uncultivated turf. Analysis of the

results did not show any significant differences.

koot Wel,chts Obtalined from the Falrway Cultivatlon Studye~

Rootgrowth, topgrowth, and thateh determinations made on
somples taken fraa cultivated and non-cultivated plots of
the FVairway Cultivetion 3tudy are given in Table 18. A
totnl'of 40 root samples, from the 1,256-6 inch horizon of
the cultiveted plots, ylelded 8 per cent more dry weight
then similar samples taken from uncultivated plots. The
plsnt top ylelds and tho thatch content of the 0-1,25 inch
surface layer were 10 and 8 per cent higher, respectively,
on the cultivated plots. None of these dlfferences were

slgnificant,

i



Teble 1G6. Thio effect of lime application on the soll pH
of the Falrway Cultivetion Studye 10849-1980,

tDopth ¢ Averege ph valuet

Trestuent : of ¢ Spring PFell S8pring Pall
:Semples 1049 1849 1950 1950
inches

Cultivated Flots

{heek Q=2 8580 570 5.093 5,88
Fertilizor _ Q=2 5470 5,35 5,85 5,88
Linc=fortilizer O=2 6613 $5460. 6,08 Be25
Gypsun=1 lne=-fortilizer Q=2 G+25 Cell 6430 G223
Chock L4 5.83 D75 5,98 5,908
Pertilizer 2=4 5.80 5.35_ 5065 5,68
Lie-fertilizar 24 S5.78 $e40 5480 . 5498
Cyrsumelive=fortilizer 2-4 GO0 590 6.08 5.08
Chock Gl 5.80 5.85 6600 603
Fertilizer 4«5 570 8450 5273 B.70
Lime=lertllizor 4-0 8,73 5480 5,78 588
(23":“-3112“-1 ine=fortilizer 40 5.35 5475 595 5+03

Hon-Cultivated Plots

Chieck 0«2 5.,88 6420 5.85 54856
Fertillzer Q=2 5,83 5.856 S5683 578
Lito=lortilizer 0=2 6415 5468 6430 830
Cypaun=lino~fertilizer Q-2 6.20 5,80 6.25 6.28
Check S=4 5.98 6,20 5408 G+00
Fertillizer 2wl 5.03 595 5,28 5,08
Line=Tortillizer Cwd 600 570 €23 Ce28
Gyrown=lise-fortilizer Qed €408 5485 6.,08 Celd
Gheck 4e8 5420 GelRS . 64,00 8405
Pertilizer 4«0 5488 Be400 5403, 64,03
Llrme={ortilizer 4«8 5,28 570 6420 0ol
Cypsui=llueo=fortilizer 4-6 5495 54,00 5,08 5,08

1p13 ril values represont an average of four roplications,
except those lfor Fall, 1949, which are the average of two
roeplicationse.




Table 17. Soil air space and soll volume
weignts determined for turf recelv-.
ing different amounts of cultivation
in the Frequency of Cultivetion
Study. TNovember, 1950.

iDepth : Days : C
Cultivet ions: of t since : Alr :Volume
per season :Sample:Cultivation:Space:Welght
inches
Hone 1-4 .o 23.2 1.47
Two 1-4 54 21 8 1048
Six 1-4 54 21.5 1.49

Differences not significent at 57 lovel.

Table 18. Rootgrowth, topgrowth, end thetch determinations
made on cultivated and non-cultivated plots of
the Falrway Cultivation Study. October, 1980,

e

Cultivation :Topgrowth :  Thatch tVielgnt of roots
Treatment tof samplest(0-1.25 Iinch):(1.28=-6 inches)
£ms e &8 e £M8 e
Cultivation 8.03 53,68 725
o Cultivation 731 49,85 670

Differences not significant at 5% level.
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DISCUSSION OF RESULTS

Colonial bentgrass, grown in solutions with
oxysen tension readings as low &3 0.25 pepem., had less
extensive rootgrowth; an increased top to root ratio; and
a8 lower percentage of nitroigzen than cultures that were
grown with an oxygen tension of approximately 4.6 p.p.m.
The low nitrogen content of the plents grown in unaerated
soluticn suggests that they falled to absorb lons as freely
beccuse of an insdequate oxygen supply; or possibly their
smeller root systems provided less surface for absorption
of nutricentas. The first premlise offers the best explanation
slnce investigstions with other plants have shown thst an
adcdustc supp ly of oxygen is necessery for both cation and
anion sccumulation (21, 42).

Colonlal bentgrass in solution culture did not
show incressed growth with oxygen tensicns greater than
4 pepse, tut it did show considerable ability to make
satisfectory growth with oxygen tensions as low as 1 tc 2
Pepeme In contrest, tomatoes, soybeans, and oats have
shown marked growth increascs wlth oxygen levels of 6 p.p.m.
and higher (19). Tests with Kentucky bluegrass (Foa

pretensls) end Chewlng's fescue (Festuca rubra) have indi-

cated thot these gresses tolersdte comparatively low oxygen

levels (18). Thus, the turf grasses eppeer to be more




tolerant of low oxygen tension In solution culture than
some of the other crop plants. In fact, the results
obtalned with Colonisl bentgrass sugsest that under
certain concdltions fresh water, moving through the soil,
coild supply enough oxygen to prevent injury to the plant.

The reduced rootgrowth of Coloniel bentgress in
the conpuacted soll may have been caused by & low oxygen
supply, or by decreased ability of the soil organisms to
supyly nutrlients. Since decreased rootgrowth was the
principel response cof the grass to soll compaction, this
result probably wes produced primerily by a low oxygen
supply. These results show that unsatisfactory root
development mey occur on severely compacted soll. An Iin-
adegquete root system may easily have as serious effects
on turf maintensnce as do decreaned activity of the soll
orgenisms 874 water runoff that leads to drought or to loss
" of fert!lizer and lime.

It seems loglcal to expect that turf cultivetion
mi.ht encourage the movement of water into established
turf sod. Yet, the results do not show that cultivetion
produced any siznificant changes in the penetratlion rate.
Since.tvo of the four tests showed negetive results, it is
of Intercst to couosider some fectors thet may have been

responslitl«. £ rether consistent tendency was observed

for water penetraticen to be slower on the cultiveted plots
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than on the uncultivated plots of the Fairway Cultivation
Studye. Ti.is srea had the heaviest soll and & turf that
has been established approximately 15 years. These condl-
tlons might lead one to .expect the best results from
cultivation for this test. Inatead, the results wore more
favorable on the younger turf that had a lighter solil
texture. Consideration of thé fectors concerned with

water penetretion Into the =oll may of fer some explanation
for these results, which seem contradictory to expectations.
Continuous poro spaces in the socll ere important for rapld
movement of water through the soll (34, 44, 45). Nelson
and Baver (34) state thast virgin soils; or those which

have not been cultivated for a number of years, are likely
to have a more continuous pore system than disturbed soils.
Since the solls of the Falrway Cultivetion Study were of

8 clay loam texture, cultivation may heve closed cheannels
that otherwlse would remain open for a considerable period
of time.

Water penetration reedings from the Time of Culti-
vation Study on creeping bentgrass turf showed that location
{n the test srea was far more critical than cultivation or
tho lack of cultiveation. Individual cylinder readings for
e olven nlot were very uniform compared with those obtasined
in other tests. 8Still, several of the plots showed abnormal

behavior. The cultiveted plots nearest the edge of the
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test had water penetration rates twice those of other
cultivated jlots, although no readings were taken closer
than four feet from the edge of the maintalned srea.

Since the greatest differences between plots depsnded upon
locatlicn rether then cultivation, it 1s unlikely that the
cultivation treatments did much te lmorease the water
penctration rates on this test.

Since all lime and phosphorus applications were
made following cultivation, & limited amount of these
chemicals should fall in the cultivetion perforations.
However, the results obtained in this study do not indicate
that sn appreclable amount entered the scil in this mamer,
or that lime end phosphorus penetrated the soll more rapldly
on the cultivated treatments. While these results do not
show any benefit from cultivation, it 1s still possible
thet cultivation may increase the rate of movement of lime
end phosphorus into soils that are highly compacted or of
heavy texture. Also, the results should vary with the
cultivatlion technique.

Since 8 straight line relatlonship exists between
diffusion rates of air and soll porosity (6), the air spece
roadings may be conaldered an indicaetion of the rate of air
movemont into the aoill. The fallure of plots receiving six
cultivetions to show lower volume weights or greater amounts

of soil air space then the uncultivated plots suggests thsat
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cultivation "dld not provide lasting improvement of soil
eeretion. Also, the failure of turf cultivation to
cncourgge a significant increase in the penetration rates
of water and phosphorus supports this statement. These
results are contrary to some expectations. However,
Bradfield (8), in referring to other crops, questioned
tho possibility of developling & tillage treatment for
improving the physical condtfion of the soll, a treatment
that would provide lasting beneflt end would not be oblit-
orated by the first hard, beating rasin. Furthermore,
cultivet lon has been generally considered deatructive of
gsoil structure (1) Compaction caused by cultivation
inplements may alsc be consldered destructive of soll
atructuro. These statements may offer a partiasl explanation
for the failure to observe a significent improvement in
the penetration rates of water, lime, end phosphorus &s a
result of the turf cultivation treatmentss Fosslbly,
cultivation mey encourage the movement of these materlals
into the turf sod when speclal conditions exist, such as
severe compaction or heavy surface thatch.

The high svalleble phosphorus readings for t he-.
upper layers of soll incdicate that cultivation has encouraged
greater activity of the soll organisms. The tendohcy for ,

pH values to be lowor on the cultivated plots also suggests




that tue activity of the mlceroorganisms has been affected
by the cultlivetion treatmentas. OCreater decomposition of
the sccumulsted, non-living stems, roota, end leaves may
have supplied tne incresse in svalleble phosphoruses How-
aver, the quentities of surface thatch collected with the
root samples did not indlcaste that decomposition was more
rapid on the cultiveted plotse 1In fact, samples from'tho
cultivated :lots ylelded 8 per cent more orgenic matter
than those from the uncultivated plots. Since there waa
no way to determine 1f new growth had been encouraged by
ttie cultlvetion trecstment, the effect on decompositicn
cculd not be measured directly. Nevertheless, these
reasults show that the effect of cultivetion on the decom-
position of organic matter may be sn impoertant factor that
desoerves f{urther study.

¥ailure of cultlvatlion to produce consistent or
gaignificant increases in the crebgrass end dandelion
populations indicates that & lsrge majority of the woeds
grow from seed resting at the surfece, Withaut doubt,
cultivation exposod viable gseed, but the quantity was
ot great enough to result in a merked incresse in the‘
nuisber of weedss. Also, 1t has been suggested that break-
Ing the turfl cover by cultivetion provides space for
ostablishment cof weeds, especially in summer. Eviaontly,

this fector falled to play sn important role in these testsa.




Cultivetlon did not produce eny readlly observed
differences in turfl gquslity, or in the émount of clover or
anmual bluegrass. Since turf menegensnt practices can
produce offects over a period of years, the results pre-
sonted should be considered as representative of the
effoct of only two yeers' cultivation, It 1s péssible
that continued trestment might produce significant changes
in the turf quallty. Also, unusual conditions, such as
exteonded drought periods, might produce marked differences
betweon cultivated end non-cultivsted turf.

While the root samples from cultivated turf did
not show 8 large lncrease over those from uncultivated
turf, it is possible that cultivation may have enhanced
root decey and thereby masked an increase of new roots.
Cultivstion must have an influonce on the functional :'root
system, since numerous fleld observatl:ns reveal that roots
develop abundantly in the cpenings produced by cultivation
(Flgure ©)e This root development mey be of value to the
plant and 1t sheculd ald in keeping the cultivatlon channels
open.

Theoretically, turf cultivation offers great
promlise of bonefit to turfl grasses. Yet, the present.
study falled to show significant values for the practice

on two different soils with different types of melntenance.
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Pilgure 3. Turfl plugs showing tufts of roots which developed

In openings created by cultivation.




Since cultivation does not appear to have genersl applica-~
tion for all turfl arces, the most important need of
continued research 1a to determine where the technique

mey have & significant effect on the turf. Cultivation
treatimonts saould be established on turf sreas that have
varied degrces of soll compaction, ranging from moderate

to oxtreme density. Cultivation may be beneficial on
severely compacted soll, whereoas on less dense soils 1t
might be found to serve as a compaction treatment, especially
i€ tho s0ll moisture content is-hiéh. Also, consideration
should bo zjiven to cultivation techniques. Extreme degrees
of cultivetion should be used in comparison with the
stendard treatments. Possibly, deerer or more thorough
cultivat lon is needed.

"herever turf cultivetlion may prove benefiolsl,
such frectors as Increased rootgrowth; more rapid pgnetra-
tion of weater, alr, lime, and phosphorus; and grester
decomposgition of organic matter may be responsible for the
results. Addltlonal study of these factors is required.
The effect of cultivation on different gress specles,
different soll types, end water runoff should be determined.
Truly, meny factors regquire a large emount of careful study
before turf cultivation cen be used with knowledge of the
results to be cbtained. Fundementsl research offers the

only hope for solving the numerous problems concerned with

turf cultivatione




SUKMAY AYD CONCLUSIONS

Tho purpose of thils study was to obtain informetion
on & seiriea of cultivaticon trials on golf courge type of
turf, and relsted problems. The effect of solution aera-
tion e&nd soil compection on Colonirl bentgress, Agrostis
tenuls, was observed in greenhouse studies. The results
of two scasons of turf cultivation were observed on fi§e
different {'leld studies established on loasm and clay loam
scil. Two of these tests were establlished on creeping
bont turf wmowed at putting green helight, and the other
three tests were established on faslrwaey type of turr;

The ferifler was used for cultivatlion in ell the field
studles. In addltlon, a disk drill was used in one of the
tosts os & second type of cultivatlon trestments 1In esch
cf theso studics the oeffects of cult ivetion were observed
with regerd to one or more of the follcowlng criterie: turf
quelltys; cmount of annusal dbluegrass, clover, crabgrass,
dandellons, end dlsesse; and the rate of water penetration;
Depth of phosphorus penetration and the amount of rcotgrowth
were woasured for one of the teats on falrway type of turf.
Volume wel hts and soll alr spsce were measured:on one of
the cultiveticn tests. The data collected ere the basis

feor tiie following statements.
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le Colonial bentgrass, Agrostis tenuls, grown

i solutlicn culture, was found to be tolerant of lower
oxypen tonsion then has been reported for verious other
cultivated plents. Low oxygen supply was obgerved to glve
pucr root branching, high top to root retics, end low
pereceatu, os of total nitrogen in the tops and rootse.

2e Colonial bentgrase, Aprostis tenuls, grown

in conpscted asill developed & less extensive root systaem
tad hii her top to reoot retics then the check cultures.

Ss Turf cultivation did not encoﬁrage slgnificant
or cuonglstent lncresses in the number c¢f dandelicns or
erabgrass plents.

4. t“ater penetration resdings, taken on culti-
vated and uncultivated turf, did not differ signiflcontly.

5. VPlots recelving phosphorus fertilization showed
significently grecter quantities of avallable phosphorus
at depths of O=L, 2-4, &nd 4-8 inches, after 24 months,
then thoae vrecoiving no phosphorus fertilizetion. Cultl-
vation ¢ld not produce any significant effect on the rste
of phosphiorus penetraticn into the sollese However, the
rhosphorus readings showed a tendency to be higher in the
U=C Incti seil horizon of the cultiveted plots than in the
gume hiorizon of the uncultiveted plots, for both fertil-

120d and unfortilized turf.




6« The pH values of cultiveted plutc showed a
conslateat trend to be lower than theose of uncultivated
rlotes for all soll depthise This indicetes that cultiva-
ticn did nct encourege an importent incresse Iin the rate
of celcium jenotration.

7« Two and slx cultivations per sesson, when
comnared with no aultivetion, did not produce significant
changes 1n the eir space or volume weight of the soil,

8. Forty root semplaes from cultivated plots hed
an avorag e ylecld of 8 per cont more dry weight than forty
smplos from non-cultiveted plots. In eddltion, dry
wolglt velues for topgrowth, ond thatched plant material
in tne U=1425 inch leyer wore 10 aend 8 per cent grestor,
respectively, on the cul tivsted plots then on the uncul-
tiveted ;lotas. HNone of these increcses were significent
at the & per cent level.

2« Turfl cultivetion treatmenta conducted for two
years heve not produced significaent improvement in the
turf quslity of three-year old turf on a loam soill on the
New Jersey Fxperiment Station turf plots, nor of fifteen-
year old turf on a cley loam soll locsted on a falrway at
tho tutgera Golf Couras. .

10. Tho study suggests that Indlscriminete cultiva-

tion, es practiced, may be of little cr ro velue; it seccums
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desirable that cultivation be limited to specifle condi-
tions. Those conditions must be determined by further
resoearcha.

l1l1. There 1s &« bassic need to determine the poten=~
tial value of different cultivation techniques on individuszl
grasses, soll types, and different intensitlies of soll
compactlion and surface thatche Also, the effect of culti-
vation on root development, the grass population, water
renetration, lime eand phosphorus penetration, and soll air
space require further study. Hesearch on these problems
can provide the Informetion required to ascertain the exact

role of turfl cultivatione
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Table 1.

APPENDIX

The influence of nutrient solutlons differing
in oxygzen content on the development of Colonial
bentgrass, Agrostla tenuis.

Aeration )

Lovel

lepllcatlion

3 1

2 : o s 4

Average

Teat A, 1948

Oxygon Content of Solution in pepents

Low 4,00 S+80 2650 3470

KMedlum 320 2.00 2440 2.60

Hii'}h 5400 6.90 2.80 580
Dry Welght of Tops in Grams

Low 8.09 6428 7423 DedD

ledlum Be26 10,97 8,96 D32

High 10,92 10425 12,68 11,07
Dry Weight of Roots In Grams

Low 1.52 1,32 1.06 1e37

¥edium 1.586 1,73 1.31 1.32

High 2438 2,04 1,83 2,23

Test B’ 1049

Oxyien Content of Solution In pe.peme

Low 0 23 1.38 1.09 167

lledium 3468 4,77 5.05 Se 39

Hegh 6460 6490 54,06 8480
Dry Welght of Tops in Grems

Low 10,66 12,08 11,16 9460

Fodium 12.18 12,13 11,34 10.79

“idl B A 10,29 10020 B.21
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Teble 1. (Continued)
Aeratlon 3 ieplication 3
Level 2 1 3 2 $ 3 $ 4 : Average
Test B, 1049 (Continued)
Dry %elght of Roots in Grams
Low O.74 0074 O¢78 O¢72 0074
Medium 1.09 1l.19 0.76 087 0.98
High 090 0937 0.24 089 0493
Test C, 1950
Oxygen Content of Solution in pepems . '
Low Ce20 Ue20 0«30 0.30 0«25
Medlium ¥ 0470 1.10 0050 Q.60 0470
High 4,40 4 .40 4,40 520 4,60
Pry Velght of Tops 1in Grams
/) 3.52 4.0‘3 5.2:) 5033 4064
7. ':C?\uﬂ’. 5.18 5.'%0 50 69 5.22 5060
LAY 716 4.91 4.44 C.82 5.85
iy ¥algnt of Hoots 1in Craczs
Low C.70 0,71 113 139 Q.38
Madiun 1505 1408  1.87 19 1.17
High 200 1.90 l.44 1.858 1.80
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Table 2. The influence of different levels cf seration
on reoot length end on totsl nitrogen content of
Coleonirl bentgress, Agrostls tenuis, grown in
solution culture during 19b0.

T Reration : Replicat Lon :
Lavel ; 1 ; A $ ) $ 4 : Averapre

Root Length in cms,

Neone 24 26 30 24 26,0

Vedlam 20 o1 30 34 5le3

Bigh 30 o4 Sl Sl 3led

Solution pHE

HNone 540 6.0 Ged €.4 €420

Modium G544 6.2 Gaed Be4 6435

High Ced 6.4 6.4 6.4 Ge40
Per Cent Nitrogen of Tops

Mone Je2l1 3008 3008 3056 :’).18

Medium 4.34 373 4.48 4.45 4,38

High 4,89 4,71 4463 4455 4,65
Per Cent Nitrogen of Roots

None 2.54 2.38 2.07 2.02 2425

Medium 279 2.72 2415 305 2.68

High Seld a1 3034 4.40 3.60
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Teble 3. The elfect of soll compactlion on Colonial bent-
grass, Agrcatis tenuis, grown in 8 x 11 inch
Jars from January 28, to June 16, 1980,

Soll s Heplitcation :
Treatment: 3 3 2 $ S : 4 $ ) tAverage

Dry Weight of Clippings in Grams

GCm:aCt“Jl 11.69 13.65 15,60 14.75 14.74
Locgse~-UL B8.C1 1C.95 14,09 11.31 11.61

Compoct=-3 186,62 1797 18.32 13.16 19,81
Looge=3 15.990 16,48 16,78 17.42 19457

Dry Welght of Tops in Grams

Ccupact=-8 13.00 13.00 15.00 12,00 20,00
Leoge-8 - 11.,C0 15.00 14.C0 5480 15.,C0

Conpact~3 16480 15-00 18,00 17.00 17.50
Loose~3 15.00 164,00 16,50 19.00 20,00

Dry Weights of Hoots in Grams
Compeact-3 2431 2.59 2.57 2.68 291

Liooge=-U 247 3eld 44,94 2476 Se D7
Comaict=3 376 4,58 3459 396 Se72
Loose-3 4.98 6449 5408 6.68 4,69
1

Tumber cf clippings designated by 8 and 3,
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Table 4. Turf quallty observed on plots receiving two and
aix cultivetions (Aerifler) per geason in the
PFrequency of Cultivation Study., 1950-1951.

s Replication 3
Treatment S 1 : 2 ) 5] 3 4 tAverage

Clipping Welghts in Grams

Mo cultivation ot 1 6 68 79 87
Two cultivations 63 72 69 €l
Six cultivations 58 74 68 S7

Per Cent Colonial Bentgrass

No ocultivation 40 60 850 45
Two cultivations 30 60 50 45
Six cultivations 5C 50 55 45

Per Cent Annuel bluegrass

o cultivetion 35 30 25 35
Two cultivations [518) 20 30 35
8ix cultivations 30 30 25 35




Table S« Turf quslity and per cent clover on plots
receiving different cultivation trestments in
the Methods of Cultivation Studye. September, 28,

Cultivation : Heplication :
Trentment - 1 $ ° $ 3 $ 4 t Aversasge

Turfl Rating

No cultivation 2¢7 Sel 2.8 2.8
fterifior-2 1in. 4,0 e Sed Se2
foriflier-5 in. Sed el Se2 Sl
Disk drill Se e Se2 SO 3.0
Por Cent Clover
No cultivation 23 23 13 2
Aerifier-2 1n. 22 12 13 13
Aerifier-% in. 28 10 10 7

Disk drill 25 23 3 15
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Teble 6., Turf cover, peor cent clover, and per cent annusal
bluegrass on cul tivated (Aerifier) and on non-
cultivated plots of the Fairway Cultivation
:.;tUdy- OCtOber 8’ 1950.

cultivation @ heplication 3
Trestment s ik 8 2 3 3 g 4 : Average

FYer Cent Turf Cover

Cultivation
Subplot 1 70 90 80 20 83
Subplot 2 90 €0 90 80 80
Subplot 3 20 20 20 80 88
Subplot 4 20 70 80 80 80
Average B85 78 85 83 83
Yo cultivat lon
Subplot 1 80 90 80 20 85
Subplot 2 50 70 70 70 65
Subplot 3 80 80 80 70 78
Subplot 4 80 20 20 80 85
Average 73 83 €0 78 78

Per Cent Clover

Cultivatlon

Subplot 1 20 10 80 20 25
Subplot 2 16 10 i 20 10
Subplot 3 20 30 10 10 18
Subplot 4 20 30 10 20 20
Average 17.5 20.0. 17.5 175 18.1
No Cultivatlon :
Subplot 1 20 40 60 20 35
Subplot 2 10 10 10 30 15
Subplot 3 10 10 10 10 10
Subplot 4 10 10 10 10 10
f,vernge 125 175 225 17.5 175

(Continued)
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Table 6. (Concluded)
Cultivetion : ileplicatlon )
Treatment 3 1 3 2 2 3 3 4 t Aversgze

Ter Cent Annual Bluegrass

Cultivaotion

Subplot 1 20 20 70 40
Subplot 2 30 40 40 60
Subplot 3 40 40 70 70
Subplot 4 30 50 50 70

Average 30 S8 58 €0

%o Cultivation

Subplot 1 18] 30 50 40
Subplot 2 40 30 50 70
Subplot 3 40 30 60 &
Subplot 4 20 30 40 60

R D ] ———

Average &3 30 S0 65




Table 7. The amount of large brownpatch, Rhizoctonia
solani, occurring under different nitrogena and

cultivetion treatnents of the Bentgrass Culti-
vatlon-Rate of Nitrogen Teat.
] Hepllication 3
Treatment s : 2 3 tAverage
Yer Cent Infection Egtimated in July

No Cultivetion (6.4 lbs. N) 40 40 20 33
Cultivetion (644 1bse N) 45 35 15 32
¥o Cultivation (4.8 lbs. N) 20 10 40 23
Cultiveotion (4.8 1lbse N) 20 5 30 18
No Cultivaticn (3.2 lbs. N) 5 5 3
Cultivstion (3.2 1lbse. N) 10 ve 10 7

Per Cent Infectlion Estimated in September
No Cultivation (6.4 lbs. N) 33 23 30 29
Cultivation (6.4 1lbs. R) 26 ) 25 27
Ko Cultivation (4.8 lbs. N) 22 35 7 21
Cultivation (4.3 1lbse N) 23 35 2 5 & 23
No Cultivatiocn (2.2 lbs. N) 15 33 23 24
Cultiveaetion (3.2 1bse N) 8 24 25 20

Square Inches of Infested Area in September

No Cultivation (6.4 1lbs. N)
Cultivation (644 1lbse N)

No Cultivation (4.8 lbs. N)
Cult ivat ion (4.8 1lbs. N)

No Cultivation (3.2 1lbs. N)
Cultivation (3.2 1bae K)

2,281
2,526

2,339
2,774

1,982
1,118

2,527
3,743

1,448
3,118

2,376
2,686

3,160
3,057

562
1,547

2,003
1,230

2,656
3,109

1,450
2,480

2,120
1,678




Tabls 8.

Quantities of dasndelions, crabgrass, and buckhorn

obgserved in cultivated and non-cultivated plots

of falrway type of turf.

1980,

Treatoent

: Keplicatlion
R T AR S Y R

Average

No Cultivation
Two Cultiv./yre
Six Cultiv./yr.

No Cultivat ion
Two Cultiv./yr.
Six Cultiv./yr.

No Cultivation
Aerifier-2 in.
Aerifier-5 1n.
Disk drill

No Cultivation
Aerifier-2 1n.
Aerifier-5 1in.
Dlisk drill

Cultivation
No Cultivetion

Prequency of Cultivetlon Study

Number of Dendelions

20 18 20 13
34 21 20 10
37 6 12 12

Number of Crabgrass Flants

218 470 264 353
308 342 460 629
216 327 2562 495

Yethods of Cultivation Study

Number of Dandelions

. 8 « o8 «8 2

1.7 o7 «5

5,0 3 «8 2
o8 «8 2 S

Number of Crabgrass Plants

95 113 69 32
141 89 65 g
5 3 By d 82 89 64
115 1860 65 78

Fairway Cultivation Study
Number of Dandelions

63 100 26 29
65 47 26 70
(Continued)

D

o5
°2
«0

17.8
15,5
16,8

326
435
323

e Lot
e © o
W - ON

65
52




Table 8. (Concluded)

3 nepllcat ion )
Tres tment 3 1 3 2 $ 3 : 4 tAverage

Fairway Cultivation Study
Rumber cof Crebgrass Plants

Cultivatlion 48 40 35 28 28

o Cultivation 45 50 43 a5 43
NHumber of Buckhorn Plants

Cultivation 639 875 62 S - 320

No Cultivation 858 200 i - 13 287




Teble ¢ The quantity of crabgrass found in cult ivated
(Aerifled) snd non=cultivated plots of creeping
bent turf. August, 1950.

: Numbor of Crabgrass Plants
Treatmont H fleplication :
2 1 s 2 $ 9 tAveragze

Tlie of Cultlvetion Study on Bent Turf

Lerifler
Spring 164 210 15 130
Swmmer 79 204 24 104
Fall 66 105 17 62
Spring end Sumner 29 126 30 61
Aerifler
Spring and Fall 67 74 53 65
Summar and Fall 19 47 853 40
Spring, Summer, and Fall 91 79 33 68
Check = Yo Cultiveticn 28 218 48 28

Bentgrass Cultivation-Rate of Nitrogen Test

No Cultivation (6.4 lba, N) !148 12 7 22
Cultivation (6e4 lbss R) 62 28 20 37
No Cultivation (4.8 lba, N) 28 110 4 17
Cultivation (448 1lba, N) 41 9 6 19
No Cultivation (3.2 lba. N) 143 B | X 52

Cultivetlon (3.2 1bse ¥) 138 IR - 1Y 61
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Teble 12. A summary of the effects of cultivation
(Aerifier) on the penetration rates of
phosphnorus into the sod of the Fairway
Cultivetion Studye 1948«1960.

: ounds of l'nlg 1 or Acre

Trontment replication

" e

:

L t 2 : ) g 4 tAverage
Spring, 1949
Cultivation U-2"
Subplot 2 20 14 23 23 20,0
subplot 3 18 13 32 22 2le3
AVGI'EE‘G 197 177 26Q0 24 .3 2149
No Cultivation 0=-2"
Subplot 2 15 27 22 16 19.8
Subplot 3 25 27 21 17 22. 5
Subplot 4 25 20 18 19 2045
Average 21,7 24,7 2043 17.0 20.9
Cultivetion 2-4"
Subpioct £ 7 6 9 6 645
Subploet 3 7 ) 9 7 8.0
Subplot 4 5 7 10 % 7ed
Avera.e 6e3 73 8.7 Ce7 7e3
o Cultivation 2«4"
Subplet 2 5 10 g 4 6.8
Subplot 3 S 7 8 6 Ged
Subjplot 4 6 11 i 3 4 3 7.8
Average Sed Ded 2.0 4e3 7.0
Cultivation 46"
subplol 2 ;B X & 3 & 6.0
Subplet 3 b 4 5 8 5¢5
Subplot 4 4 6 2 9 7.0
Average Ge7 407 5.7 7e7 62
Yo Cultivation 4-86"
Subplot 2 y 6 5 6 €40
Subplot 3 4 6 € 6 5.5
Subplot 4 4 8 6 ¢ S¢5
Avorage 5.0 6.7 57 5.3 5.7

(Continued)
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Table 12. (Continued)

: Tounde of Pol, Por AcCre
Treatument s eplicatlion 3
3 2 N 3 e 3 k] 3 4 tAverape
Fall, 19049
Cultivation Q-2"
Subplct 2 15 39 2245
Subplot 3 13 30 2l.5
Subplot 4 28 45 5645
Averago 18.7 35.0 26,9
No Cultivaetion 0O-2"
Subplot 2 15 8 1045
Subplot 3 15 o5 24.0
Subplot 4 4 33 18365
Average 10.7 2447 177
Cultivation 2-4"
Subplot 2 6 6 640
subplot 3 ¢ 3 445
Subplot 4 22 3] 13.5
Averege 11 b 8,0
No Cultivetion 2«4"
Subplot 2 6 7 GeS
Subplot 3 5 8 645
Subplct 4 5 16 10.5
Averege 5.3 103 Te
Cultivation 4-6"
Subplct & 6 6 6.0
Subplct 3 5 5 5.0
Subplot 4 4 6 5.0
Aversgo 5.0 He7 5.4
Ho Cultivation 4-=6"
Subplot 2 S 4 Sed
Subplot 3 2 5 S¢S
Subplot 4 2 8 5.0
Avorege L¢3 57 4,0
(Continued)
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Teblo 12. (Continued)

3 tounds of (o005 Fer Acre
Treatment $ Heplication s
t 1 3 2 3 o 3 & sAverago
Spring, 1930
Cultivet ion G-3"
Subplet 2 ob 28 37 35 33«8
Subslot 3 42 32 35 70 44,8
Subplct 4 a7 70 855 €0 5840
Avoru_e 413 4363 4243 5540 45,5
No Cultivsticn Q="
Subplot 2 21 30 37 42 32e8
Subplot 3 3 50 65 70 53.8
Subplot 4 32 29 5 60 44,0
f\'v'ﬁbl‘at;e 27 7 OB e SRed 57.3 4364
Cult fval Lon Qe=4"
Subplet 2 9 2 10 2 Ted
Subplct & 3 9 - 10 8¢5
Subplot 4 7 ® 14 16 11.0
Average 8.0 88 1068 AT el
o Cultivatlon 2-4"
Subploet 2 (@ t 13 b Bed
Subplet 3 7 9 1l 16 1048
Sllb‘,’:-l-f:t 4 a8 15 16 1X 1245
Averege 7.0 11.0 13.3 10,7 10,5
Cultivation 4-6"
Subplot 2 6 4 7 4 Sed
Subplot 3 7 11 [ 6 Te5
Subplot 4 6 3 8 & 5.8
Aveorego 63 6.0 7.0 5ed €e2
No Cultivetlion 4-6"
Subplot 2 4 6 10 4 640
Subplot 3 3 5 9 8 el
Subplot 4 4 8 4 5 5¢3
Lverayo Se7 Ced 77 5e7 5.9
(Continued)




Table 12, (Zcneluded)

3 rounds of Polg Per Acre
Treatient 3 neplication :
: 1 : 2 : S s+ 4 tAverace
l“Bll, 1950
Cultivetion O=-Z"
Subplct 2 24 €0 70 50 Blé2
Subplot 3 o 38 &6 20 6303
Subplot 4 40 85 50 70 £38
Average 44,3 81,0 5843 T3e3 5647
o Cultiveticn G=2%
Subplet 2 3 5o 55 58 5045
Sllbgtlub 5 o2 80 70 60 5340
Subplot 4 70 70 20 70 7540
Avoraye 48,3 SLW3 T1la7 €1le7 65065
Cultiveticn Qe4™
Subplct 2 6 11 18 16 12.8
Sudbplot 3 6 14 21 2l 1545
Subplot 4 2 55 | 11 12 10.8
!".VC'I'HLJG 7.0 1200 167 16.3 13,0
llo Cultivaticn 2=4"
Subizlot 2 11 20 11 10 130
Subplet 3 13 13 17 17 15.0
Subplot. 4 7 8 5 By 4 20 13.0
AV(*I‘G&O 1063 1346 15.0 1507 3e8
Cultivation 4-6"
Subplct 2 3] 8 10 7 76
Subplot 3 4 7 8 4 5.8
subplot 4 12 2 15 Q 11.3
Avorsgo 7ed 8,0 11.0 6.7 Be3
1o Cultivetlon 4-6" ,
Subplot 2 8 9 10 6 Bed
Subplot 3 5 16 8 e 10,3
Subgslot 4 8 9 13 15 1le3
F.VOI‘SL]O 70 1103 10.3 1100 Qe®
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Teble ld. The effect of fertiliger, lime, eand gypsum
trogtment on the available phosphorus content
cf aoll samplos taken at three depths of the
Falrvay Cultivation Study. 1940-1980,

T AVBLLADIC Pels Per ACI'® (in 1DSa)
Trestmont : heplicaetion 5
e 5 g ) s > 2 4 sAversge

Spring, 1049
Subplot 1

Cultiveted 0-2" 10 26 30 P & 4 2046
Uncul tive 0©-2" ) 21 12 13 13,8
Average Ded 235 21.0 16,0 1743
Subplcet 2
Cultivoted Q0-2" 20 14 e 23 20,0
Uncultiv, 0=-2" 158 27 e 15 19.8
Average 175 20,5 22.5 19,0 19.9
Subplot 3
Cultiveted 0-2" 18 13 32 2 £le.3
Uncultive 0-2% 2 27 21 19 2245
Average 21l.5 20,0 26.5 19.56 2l.9
Subplot 4
Cultivated 0-2" 21 26 23 28 24,5
Uncultive 0-2" 25 20 18 19 £20¢5
Average 28.0 23.0 205 238 225
Subplot 1
Cultiveted 2-4" 10 8 5 9 8.0
Uncultiv. 2-4" 6 8 5 6 Ced
Average (80 8.0 5.0 745 7.1
Subplot 2
Cultlvaoted 2-47 7 6 7 6 €0
Uncultiv. 2-4" 5 10 8 4 6.8
Lverage 6.0 8.0 7ed 5.0 6.6
(Continued)
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Teble 14. (Continueéd)

Availablae PoOs ier Acre (in lbs.)
Heplicatlon 3
1 $ e ) ] : 4 : Average

Treatment

sn S8 wa

Spring, 1949 (Cont inued)
Subplot 3

Cultivated 2«4" 7 9 9
Uncultive 2-4" 5 7 8
Average 6.0 840 BeS

Subplot 4

Cultiveted 2-4" 5  § 10
Uncultive. 2-4" 6 11 i 4
Average S5 9.0 1045
Sudbplot 1
Cultivatod 4-6" (] 6 4
Uncultive 4-6" 4 5 )
Averogo 5.0 545 445
Subplot 2
Cultivested 4~-6" 11l 4 3
Urcultive, 4-8% 7 (3] 5
Aversye 240 5.0 4.0
Subplot 3
Cult ivated 4-8" 5 4 5
Uncultive. 4-86" 4 6 8
Averago 44,5 5.0 Se6
Subplot 4
Cultivated 4-5" 4 6 9
Uncultiv. 4-6" 4 8 6
Averego 4.0 7.0 7«6




Tablo l4. (Continued)

Avalleble PoOs Fer Acre (1in lba.)

Treotuent

e o e

lleplicaticn s
1 2 R T tAvernage
Fall, 1949
Subplot 1
Cultivated Q=-2" 13 23 18,0
Uncultiv. 0=2" 25 15 ‘R00O
Average 10,0 1940 19,0
Subploet £
Cultivotod 0«2% 156 S0 22
Uncultiva. O=2" 18 8 10:5
Averago 15,0 18.0 164,55
Subplot &
Cultivetod O0-2" 13 30 21
Uncultive 0O=2" 12 ob 24
AVGI‘QEG 13.0 32.5 217
Subplct 4
Cultivated 0-2" 28 45 36.5
Uncultive. O-2" 4 % o 18
Aveorage 1640 50«0 275
Subplot 1
Cultivated 2-4" 6 6 8
Uncultive 24" 6 4 5
Arerage 6.0 5.0 5
Subnlet 2
Cultivatod 2-4" 6 6 6
Uncultive 2-4" 6 7 6
Aversge 6.0 645 6

(Continued)




Table 14, (Continued)

Aveilable Po0y Per Acre (Iin lbs,.)

Treatment

" e e

iteplication :
1 2. kBt S 1t 4.  rtAverege
Fall, 1949 (Continued)
Subplot 3
Cultivetod Z2-4" 6 3 4.5
Uncultiv. Z-4" 5 8 G5
Aversgo 5e5 S5¢5 .5
Subplot 4
Cultivetad 2=-4" 22 5 1345
Uncultive 2-4" 3} 16 105
Average 13.5 10«5 12,0
Subplct 1
Cultiveted 4-6" 6 4 540
Uncultive 4=-8" 4 8 5.0
Averege 5.0 5.0 5.0
Subplot 2
Cultivoted 4-6" 3] é GO
Uneultive 4-g" o 4 3eH
Average 4.5 5.0 4¢3
Subplot &
Cultivaeted 4-6" B S 50
Uncultiv. 4-8" 2 B 3B
A‘.’E:I"D.{::O el 500 4y 3
Subplot 4
Cult ivated 4-0" 4 6 Se
Uncultiv. 4-6" 2 2 5.0
Averape 3.0 70 5.0

(Continued)
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Table l4. (Continued)

t Avallable P~0Oc Fer Acre (in lbs.)
Trevtment H Kepllication 3
: 1 ? 2 3 3 3 4 sAverape

Spring, 1850
Subplot 1

Cultiveted 0-2" 13 =0 23 14 1745
Uncultive O-2% 2 13 1 12 De8
Averege TeS 1645 175 13,0 13.6
Subplot 2
Cultivated 0-2" 356 28 37 35 35«8
Uncultive O0=2" 21 S0 37 42 32 e
Average 2840 290 3740 3845 33«1
Subplot &
Cultivated 0=2" 42 2 35 70 44e85
Uncultive O=-2" 30 50 85 70 5348
o
Average 3640 41.0 50,0 70.0 49,3
Subplot 4
Cultivatod O-2" 47 70 55 60 58.0
Uncultive. 0=2" Y 20 OH 60 44 40
Average 3D 4045 55.0 6040 51.0
Subplot 1
Cultlvated Z~4" 10 5 2} 6 Tad
Uncultiv, 2"4“ ) 8 ‘4 .I.l 4,0
Average " Bab 6.5 6.0 3¢5 5.6
Subplot 2
Cultivated 2=4" ) 9 17 9 Bed
Uncultive 2-4" & 3 13 b B3
Average 7.6 9.0  11.5 T.0 88

{Continued)
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Table 14. (Continued)

Avallable Po0Os Per Acre (in 1bS.)
Treatment : Replication :

i . 2 : 3 . 4 sAverage

Spring, 1950 (Continued)

Subplot 3
Cultivated 2-4" 8 9 7 10 )
Uncultiv. 2-4" 7 ) 11 16 10.8
Aver'age '7.5 9.0 900 13.0 Q.6
Subplot 4
Cultivated 2-4" 11 7 14 16 11.0
Uncultiv. 2-4" 8 15 16 453 & 125
Average 7.5 11.0 15.0 1345 11.8
Subplct 1
Cultiveted 4-6" 7 6 3 6 555
Uncultive. 4-6" 3 9 5 4 Do
Average 5.0 TS 400 5.0 5.4
Subplot 2
Cultivated 4-6" 6 4 4 4 D¢
Uncultiv, 4-6" 4 6 10 4 640
Average Hield 530 85 . 4.0 5.6
Subplot 3 :
Cultivated 4-6" ! i 6 6 765
Uncultho 4"6" 3 S 9 8 605
Average 5.0 8.0 75 70 6.9
Subplot 4
Cultivated 4-6" 6 3 8 6 5.8
Uncultive. 4-6" 4 8 4 5 S5ed
Avereage 5.0 545 6.0 S¢S 55

(Continued)




Table 14+ (Continued)

Treatiant 1

Available

oy ¥

er Acre (in

lkeplication

1

2 °
3 “~ :

.3 3 4

Subplot 1
Cultivueted O=-2"

"t

Unocultive 0O=¢
Average

Subplot 2
Cultivated O="
Uncultive O=2"

AvVOrage

Subplot 3
Cultivatod U=2

Uncultive =2

r‘ 'v'(':‘“z’o
Subp:lot 4
Cultiveted C=-8"
'.:-".‘..f l.xlt.i‘\/. ."'»"
AN LI"&{;;O
Subiolot 1
Cult lvatod Se=4"
Uncultive £=4"
Average
Subplot 2

Cultivated 2«4"
Uncultlive =4

Average

10

Fall, 1050

16

€ 16
540 16,0

24

6o

55

B7.5

28
S0

44,0

40 58
70 70
55.0 6245

8e¢b

& 3
11 e
B8ed 1().5

(Cont inued)




Table 14. (Coneludod)

Avoilabile 1'c0k Fer Acre (in lbas)

Trestuont

Heplicati

e e e

A
o

4

Subplot 3
Cultivated 2-4"
Uncultive 2-4"

Average
Subrloet 4
Cultlvated 2=-4"
Uneuliive R2=-4"
Aversygoe
Subplot 1
Cultivaoted 4-8"
Uncultive ¢-6"
rverage
Subplot 2
Cult lvetod 4-6"
Uncultive 4=G"
Averago
Subplot 3
Cultivatod 4«6"
Uncultive 4=-6"
Aversge
Subplot 4
Cultivated 4-6"
Uncultive 4-6"

Avoroge

Fall, 1950 (Ceoncluded)

14
13

21
17

1345

11
8

tAverageo

10,0

Deb

940




Table 10. 'The effect of lime application on the soil pH
of the Falrway Cultivetlon Studye 1940-195C,

. Soil pH
Treatuent : neplication 3.
: § $ = ) 53 ) 4 tAvorage

Spring, 19490
Cultiveted Plcts

Subplcet (O=2") S8 6.2 E48 6e0 5+80
SU‘();)lOt 2 (v"ﬁ") 502 5.8 508 6.0 5.70
SUb‘ﬁ] ot 3 (0-2") 546 Ce0 Ced €6 G413
Subplot 4 (Q‘C") 549 Ged Ge2 6ed Ge25
Subplot 1 (2~4") Sed Bed 59 He8 5.83
Subplot £ (5=4") 563 D49 640 8.0 5.80
Subplct 3 (:2"1 ") 5.3 508 C‘;O 6.0 5.78
SUb,lOt 4 (Z"“.‘") £e7 640 6.0 BeS 6,00
Jubplot 1 (1=G") S¢6 G2 S48 57 580
i‘,hb_:,l(,t 2 "4-'\’.)") 5.'—) f.).G S.Lo 5.9 5070
lilll)'{‘lﬁt 3 (4-6") Sed 5od B¢ 9 5.8 573
Subplot 4 (4=-E") D6 549 59 S5e? 5.83
Fon=Cultivated Flots
S‘.Zb}.'lot 1 (0-2") 504 602 5.9 G.O SQUU
Subplot & (O=R") SeB 6.0 S48 6.0 D483
Subplot 3 {(0=2") 6.0 52 6.2 6e2 6415
Subpleot 4 (0=-2") Gel Gel Gel Eeb 6420
S\lbp](:t 1 (2-4") Ge5 6.3 542 602 5.99
subplot 2 (2=-4") 545 Ge2 5.9 6el 598
Subplot & (:3-4“) S8 Gel Gel G0 6«00
SUb;»lOt P4 (2'4") 5e¢9 Be 569 Ce2 6.05
Subplot 1 (4-6") 546 Ge2 549 5.9 090
Subplot 2 (4-6") Beb G2 59 59 H.88
Subplot 3 (4~6") 549 640 640 6.0 5498
Subploet 4 (4=6") 5.9 6.0 549 €.0 5498

(Continued)
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Table l6e (Contlmed)

2 Soll pH
Treataent s Heplicatlon 3
: 1 s 2 ) 3 $ 4 tAvorage

"all, 1949

Cultivated ¥lots

Subplot 1 (0-2") 5e3 6s1 5«70
S,Ub/l('}t o (U"‘u.") 5.8 505 5035
Subplot 3 (0=2") Ded 5e0 560
Subplot 4 (O=2W) 640 6e2 ' 6410
Subplet 1 (2-«4") He3 Ga2 54756
Subplot 2 (2-4") 5¢3 Sed 5435
Subplot & (2-4") 543 Beb 5440
Subplot 4 (2-4") Se B 5.9 ; 5480
Subplot 1 (4~C") Seb Cal 585
Bubplot & (4-8") S5e5 Seb 5650
Subplet 3 (4-6") Sed 5.6 5«50
Subplot 4 (4=-6") S8 5e7 5475
Hon=Cultiveted Plots
Subplot 1 (O-2%) Gel Ced 620
Subplot £ (0=2") 59 5.8 5.85
Subplet 3 (Q=2") Sel el B+65
331 bplot 4 (O-S") $e0 6.6 5080
Subplot 1 (2-4") 840 Ged €+20
Subplot 2 (2-4") 549 840 54056
Subplet 3 (8«4") 5.2 642 ‘ 5470
Sil\:f:l(‘t 4 (2-4") 8.2 €ed ! 5485
Subplet 1 (4=-6") 6.0 Bed 6428
Subplot £ (4-6") B8 6.0 5400
Subplot 3 (4-6") Se4d 640 5470
S‘.Ab'f»l@t 4 ("1-’5") :}.4 6.4 - 5.90 E

(Continuod)
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Table 16, (Contirmed)

g S0ll pH
Treatmont s kepllication ) .
: 1 3 e ; 3 2 4 tAvorace
Spring, 1980
Cultivated Plots
Subplot 1 (0=2Y) Sed G2 5.0 6.8 5493
Subplot © (0=-2") 5.2 548 Se7 BeB 5455
Subplct I (0=2") 5.8 5.0 €el Ge8 8408
1;‘.:'1');101; 4 (0-2") Gol Gol Ced Ged 6-30
Shbl]i}t 1 (B"’;") Ded 6.3 5.9 005 5.38
Subplot 2 {(2=-4") Ded £eS He® Be0 5465
Shb;lot S (9“‘:“ Sed He8 5.8 Gl 5480
Subplot 4 (£-4") 547 549 Sed 6ed 6+08
Sl‘.b]’ lct 1 ("'G") He.6 Ced a0 a2 6.00.
Su 10t 2 ("I-G") 5.0 5.6 . 640 S8 B5:73
Sllbrﬁli}t - (‘1-('1:") G586 5.8 5.8 5.9 5.78
Subplot 4 (4«-G") S8 5.8 6e2 6.0 5,96
Non=Cultlvated Plots

Subplot 1 (0"2") 5.2 842 Gs0 6.0 .85
Subplot 2 (0=2") Sed Gol S5e7 Gal 5«83
Sub;.:-lot %) (\.'-2") 6.1 Sad 6.3 6.5 Ge 00
SIIbplot 4 (o-r ") Gol 8.4 6.1 Ged 6.25
Subplot 1 (2-4") 5.5 o2 6e2 640  5.98
E:llb])lCt} 2 (:3-’;") S8 G2 S5¢9D Cal S5¢98
.‘;',ubplot % (‘4'_"";“) el 6.2 Be2 6.4 Ce23
Shb_”l?t 4 (2-4") G.O 6.4 5.9 G.O GOOG
Subplet 1 (4=6") 5.6 642 643 5490 8400
SZ‘.b_ﬁ"lC-t e (4*5") Ee5 Gl 50 Ga22 5403
subplot 3 (2-6") 6.1 8,1 Bs BE54 o« By00 -
S‘lei 10t 4 (‘;-CJ") Soj 6.2 509 5D 5098

(Continued)




Tablo 16 (Concluded)

: Soll pi
ireataent : #epllicetion H
1 : Y $ ) H

o

Fall, 1950
Cultivated Plots

Subplet 1 (U"L’") e 6.2 5.8 Ge2 588
S‘ll)b;‘.l'\,t L (;J""Z") S5e¢l Se6 549 57 5:58
Subploet 3 (O=2") Gal 6.0 Gel Ge7 CaH
l,l;lft.'l(;i} “ ('\)"‘J"} €2 Cel G2 6.4 8423
2:;1;11_',.1(.'(; 1 (2-’1") Sed Ged 5.8 €e3 5.98
subplct 2 (2-4") Se2 5.6 5.0 6.0 £,68
Subplet 3 (2-4") 5.0 5.9 Gel Ge4 5498
Subplct 4 (2=-4") el 640 Gel Ged 6.08
rll",l‘.li,t 1 (-’;‘G") 5.6 G.f_‘ 5.8 6.2 5.03
RPN ) lot 3 (4-6") bo‘.'t 5.7 5.8 5.0 5.70
jubplot 3 (4-86") 5.7 .8 €60 60 5,88
le;:lﬁlt I3 (‘1-\3") CaO Se 9 5.8 €40 8493
Non=-Cultivated Plots
f‘,‘.~‘='7_7‘.101': 1 (\I‘I"’n") 503 6.3 S0 5D 5.85
Subpict 2 (0=2")  Ee3 B ed 545 549 5478
Subplct ¢ {(O= )") €el €ed 68 ¢S 3000 .
Sl;bz'i}\')t & (U"h") Cel Cet Ce@ (P 620
Subplot 1 (2«4%) Sed Ced Gel 6.0 .00
Shbgilot 2 (:‘.-4") Ded Bad 549 Gel 5.98
:)ub;‘lbt S (.4""4") C.ﬁ 6.4 (..": C.3 C‘OQJ
Subplot 4 (S-4") €.0 Csd 5S¢0 Je R €413
f‘.‘.)b{}lot 2 (4"6" 57 Sed 601 Ge0 6,08
Subplot 2 (4-6" SeC €ed 6.0 Gl 6«03
Subplat & (4=6") G0 Ged 640 Ge2 Celd
f:lll);'l(it 4 (4-6") Ge® Ge2 Se¢9 5.9 5098
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Table 17. Soll alr space and goll volume welghts
dotormined for turf recelving different
amounts of cultivatlon In the Frequency cof
Cultivstion Studys. MNovember, 1950.

Cultivation : Heplication :
Trea tment g 1 ) 4] ) ] 2 4 tAverage
Per Cent Air Space

None 20.2 2043 23.8 23.6 2%42

Two per year 19.0 €l.l 2547 224 2le8

Six per year 21.0 €l.? 2345 195 21le5

Volume Welght
None 1.518 1.439 l.441 10482 1.47
Two per yesor 1.501 1500 1,434 1,498 1,48

Slx per yeer 1,490 1,489 1.455 1.520 1.,49
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Table 18. Hoctgrowth, topgrowth, and thatch determlna-
tions made on cultiveted and non~cultivated
plots of the Palrway Cultivation Study.
October, 1950.

4

Heplication 3 \
1 [ o $ < $ 4 : Average

Cultlivetion
Treeg tment

Grams of Topgrowth per 40 Sasmples

Cultivatiocon 7 .86 8.11 6,60 9.53 8,03
No Cultivation 7.73 6.87 784 730 731

Grame of Thatch per 40 Ssmples

Cultivation 68,28 47 483 62496 35.64 53.68
Yo Cultivsticn 64,69 5376 3763 43,31 49 .85

Grams of Hoots per 40 Samples

Cultivation 724 8487 5.84 7:36 725
Yo Cultlvetion 6630 .86 G488 6.53 6.70




