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DITRCLUCTION

Zince the end of Jorld ¥Yar I, zolf and other recreational
ictivities requiring speclalized fine tur! areas have increased
tremendously. This has, in turn, greatly increased the naintenance
prooleams of the zolf cour=e superintendents and others involved in
maintaining first rate playing conditions. Cxcessive compaction
brought about by the increased play and the use of heavy modern
maintenance machinery has increased tha sver present but often un=
recognized 2roolems of 20il phyeical condition manyfold. 4t has
become comuon Hractice in aany areas of the nited States to install
fairway watering systems, Jlaproper zanagement of systems, decause of
lack of knowledge of the proper use of water often has resulted in
more damage than if no watering system wers present at all,

There is no reason %o doubdt that under careful management the
use of supplemental irrigzation can be of zreat value in maintaining
good turf quality. iUnfortunately, it has been the common practice
where watering systems are avalilabls, to overwater., 'his is not only
detrimental to the turf, but also adds nndue =aintenance costs, OJver=
watering may have detrimental effecte on turf quality in sevaral ways,
Under levels of high fertility, overwatering will result in a lush,
succulent type of growth which zenerally is very susceptible to disease
attacks, Uverwatering may also ve responsiole for undesirable weed and
crabgrass invasions as well as serving as a vehicle for the loss of =oil

nutrisnts through lsaching, dapid growth, through excessive watering,

also requires that the turf oe cilpped more frequently, thus subjecting




the soil %w the compactive effuects of heavy sowing machinery. It has
wong deen ooservad that oxcescive wmatering tends %o foram 4 turf which

is very snallow rooted and, “harsfore, incapable of surviving aven under
conditions of liznt drought,

Jagically, nany of she provlems invoived in Yinas fturf maintenance

ravart dack o tha

v s
- s '

iven *he ~roper noil

ohzsical csndition of the roil,
condition in the deginning, the zoll course superinterdent is ‘aced with
*he problem of zaintaining these 2011 conditions. imnfor<unately, in

moat instances the desirapls 20il conditions already have deen desiroyed

and the ;ol? ccurse superintendent aust have some zeans, short of ra=-
construction, of restoring a bDetter physical condition wo the s0il,
Proper soil physical condition involves several “aclors which,
diresctly or indirsculy, affoct the uitinate turf Jusality and henca the
playing conditlons. foil structure and texturs unacudtedly determine
the porosity of a soil, which in turn, plays an important rols in the
sersation and surface drainage. ZFrom a pursly theoraetical standpoint
the ideal soil for tur? would contain 50 percent solid zaterial (mineral
and orzanic content) and 50 percent pore space oy volume af the total
soll nasa, JIf this S0 percsnt pore space, one half wmould de occupied dy
goll air and the other one 2alf oy soll saver., I any conditlions arise
which result in a decrsase !n total pore space and an increase in the
solid portion of a ziven volume of =oil, some degr=e of cozmpaction has
taken place., Compaction, in addition @ reducing pore space aay 4lso
cauce the foraaticn of a snallow i{mpervious surface laysr which w»ill

alno3t complotely impede the senetration of water and result in loss of




sater by runoff., Under similar conditions on lower areas, water may pond

on the surface for days at & tinme, forming anerobic comdiitions which nay
cause serious turf{ deterioration. Fundamental knowlaedge as to the sxact
natare and sxtent of compaction damaze to turf gquality is woefully lack-

ing at the present tinse,

Plants, like anizals, requirs oxysen in order o aaintain life,
Zoil aeration is, therefore, of prime importance in the replenishment of
soil oxysen and the removal of soil carbon dioxide and other gaseous
saterials mhich =ay cecome toxic if allowed % accumulate. Ihe lack of
adequate aeration aay result in the formation of anerobic conditions
which are not only detrimental to the plant directly, out may, in
addition, retard the development of nitrification processes ana the
growth of desirable soil micro-organisme which are thought to play some
role in the developmant of zood structure.

¥ithin the past ten years sevoral types of aerating aquipment
have appearced on the commercial azarket under such names as Joilaire,
aerifier, and the Terforator. Unfortunately, many gzolf course super-
intendents looked upon these mechanical moans of improving soil deration
a8 a cure all, There i3 no reason to doudbt that such aerazing =machines
have their place in any proper turf maintenance program, out it amust de
remembored that these devices are bSut one zore of the =mdny tools that
can de of assistance in turf maintenance and should oe regardod as such,

In recent years the various aerating wmachines have been given
credit as alding in the penetration of certain fertilizer elements as

well as watar and air, although at the present time there is no acwal
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experimental data availaole to vaildaie such an assumpiion. it scems
quite reasonacla that zuch penetiration would take place purely through
mechanical means, Sut i. remsains the *ask of the raossarch =morker to
provide scientific proof that such a machanical penetration does taks
place,

A3 additional s3xpsrimental avidence i:c zathered rsgarding turf
nanagement, it Cecosea incredsingly evident that we are confronted with
a trsmencously compisx problem ahich cannot 3s solved by a few, gsiapla
experinents, 4t the same time, it nust e rzalized that any fulure
experimental work zhould da kept 3s simcle as possible in crder to
better understand the basic fundamentals and thereby clarify the picture
rather than add morse confusicn to an already confused situation,

‘his study was designed as a continuation and elaboration of

. (253
earlier studies by Vatson' i

n an dttempt %o find additional inforwaation
on the physical arfects outlined above on turf quality and aaintenance
practices. Basically, the work was conducted as a continuation cf the
work started by J. 3. Jateon, Jr. in 1947. The original plots used dy
fateon were retained and the basic treataents, wmith acdifications,
continued. During ‘he summer of 1)50 these acdifications consisted
primarily of an increase in the severity of the origzinal compaction
treatments with no change in the moizture treatzents. In the spring

of 1951, theze plous were [urther modified dy sub-dividing the original
nplots into aerified and non-aerified plaots, At the -ame tine appli-

cations of superchosphate at a aigh rate wmere applied in order to study

the penetration of phosphorus on the aerified and non-aerified plotas,




The methods of evaiuation and technijues used in such svaluations will

be found later in the text under %he heading of dezhode and daterials.,
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teraturs dealiling with 30il compactlon, moisture,; and aerification

as they alfect turf quality, iz limited, lcientifically acquired ex-
perizental data is alasost totally unavailable. Zhere ars hundreds of

ticles appearing in our more popular perivdliceis lealing with thess
supjects, out they consist almost =ntirely of personal cbvservations
and opinions of the writers and have litile or noe sclentiflic data to
substantiate them,

fur? of a quality that #ill meet present day playing conditions

is affacted by many ‘aclors., ‘he mors important of these are physical
soil condition, soil reaction, fertility, diszcase, snd nana;ement
practices, amony these factors none is more important than the
physical condition of the seil. In turn compsaction and moisture play
an important role in the physical condition of the soil and the ulti-

(25)

aate tur? quality. datson found that moisture alone exerted more

detrimental influence on tur{ gquality over a thrse ysar period than
did compaction alone., He found that under conditlons of high moisture,

bentirass tended to increase at the expense of the Zentucky oluegrass

(25)

and the red fescue. #*atson also lound that compacrion tended to

increase the clover population at the expense of the permanent grasases,

(18)

Smith and CTook s vorking s#ith a pot experiment on sugar bDeaets,

involving compaction, aeration, and water, concluded that excescive

compaction alone was zmore detrimental than excexsive water alone,

(25) (13)

%ateon s Smith and Cook ', agree thuat the interaction of moisture




and compactlon tWwgether produce sore injurious sfrfscts than either alone,

{
alderfer and .tobinson' )

s %orking on pasturss, raport that maximum
compaction oceurs in she upper inech of the zoil proiile duspito the 2izh
organic content usually found in this area under pasturs conditions,
“his shin layer orevente the inflitration of watsr and causes runoffl,
avan tholzfi 2XCOLisSNL ZOil SLOUCLULY MMy SALS0 Joao¥W Wiad Qnd Lach
iayer, :okolovsky(l)) agreen that this compacted layer senerally Zorms
in the upper inch and prevents water infiltration, e is also of the
opinion hat uncor irrigation there may 0e¢ 8 orsaxdown of aggrezation
in the surrace wnhich leads to crust formadtion., Crust formation rosults
in uniavorable air and water relations i'or plant growth. 0010(6) ; has
shown that under nigh raves of irrigation, puddling of the surface may
take place, ihe presence ol 4 compacted layer at a sreater depth, as
is often the case in hardpans and certain artificial soils, would
smterially affact drainacge,.

fuor drainage is closely associated with poor aeration, Yelton
and Uarroll(‘??) have pointed out thwe ilaportance of adequate 4drainage in
meintaining the proper aire-water relaiionsnips. Auaser(ls}, nelton,

(20) (25)

Carroll, and <ilson s and latson have amphasized that coampaction

and axcessive water ire prinary factors contributing to poor aeration

’ \ o3
and drainage. haeor‘l{”, ielton and Sarroll(“) have aiso gointed out

the Llmportance of aeration and drainage in the development of adeguate
root systems, #acoonk‘b) has shown that nigh asisture content in the
apper two inches of the soil layer (due to poor drainage or high water

tacles) tend to deveiop very shallow root aystems whicn cannot persist



axcexj.au

undor conditions of slicht drought. MNumerous worksers, nsin; corn,
barley, wheat, and sugar ueets, have shown that compacticn, by re=
ducing aeration, aay hinder root development. It has also buen
shown that an increase in the ratio of tops to roots iz associated
with soil compaction.

Jorkers havs gsuggested that the prasence of compacted layers in
the soil may hinder the nutrisnt supplying power of the =0il., Smith
(18)

and Cook found that severs soil compaction did not restrict the

growth of sugzar oeets as much if excesuive smountes of nutrients were
supplied, Hubbell and x:ardnar(lz) have chown on two llew dexico soils
that soll compaction materiaily reduces the zoll amicroe-organicm
population, Thus, zoil compaction may influence the growth of the
turf grasses as a result of its effect on the nutrient supplying
ability of the soil organisms,

Cannon(h) has shown that the absorption of nutrients by plants
is the result of an energy consuming process of the protoplazm for

(L)

which oxygen is needed constantly. Cannon also poinis out that
the carbon dioxide given off during plant respiration may accumulate
under conditions of poor asration and dilute the oxyzen supply to &
critical value. In poorly serated zoils ferric iron may 0e reduced
to the ferrous state and bDecome toxic teo plant growth, if allowed to
accumulate., aidequate soil aeration, therefore, is necessary for the

replenishment of =oll oxyzen, the dissipation of carbon dioxide and

other geseous substancee, adequate nutrient uptake, adeyuate root

development, and proger drainace,




The use of aerification a= we now know it in turf aanacement is

of recent introduction. It is well known that adequate soil aeration

is necessary for proper plant development. Hubvell and C-ardner(u) »

Clemonto(S) (L)

» Canncn and free'”’, and numcrous other investigators have
studied air and wmater relationships with crops other than established
wurf., Kramer(l31, nag shown the arfect of aeration on piant-goil
water relationships,

Considerable literature is available on the migration and
penetration of phospheru=z as influenced by water, dut at the oresent
time thers is no material available on aerification and phosphorus
penetration. Hidgloy(lS), Crawley(7), Aluly(z), Eockensmith(ll),
and others report that there is very litile, if any, movement of
phosphorus dowvnward even under heavy rainfall and heavy applications

(3), reports that superchosphate does

of phosphorus fertilizer., Irown
not move wore than *hree inches dowmrard on acid soils and seven inches
downward on alkaline soils in & period of sixteen years. FHobinson and

Jovea t12

s in leaching North Jeleh soils, found that naturally occurring
phosphates do not materially move downward, but that phosphate applied
dressings chow considerable downward movements under the normal raipe
fall of Wales. Ulrich, Jaccbsen, and Overstreet(ZB), using redioactive
phosphorus, report that 20 percent of the phosphorus applied pene-~
trated three inches in elevaen days when rour inchee of irrigation were
applied over that pericd. They further stated that 11.5 percent of

the phosphorus applied penetrated five inches in eleven days uncer the

sane Lrrigation treatment,




10

Stephenson and Chapman(zo), are of the opinion that the direction
of movement of phosphorus is governed by the direction of water movew
ment., The form in which phosphate is carried need not necessarily be
that of inorganic phosphorus in true solution. Soil organic forms,
as well ae organic and inorganic colloidal forms, might move readily
with soil water. fThey further point out that there are indications
that a more rapid penetration is effacted through a few heavy appli-
cavions of phosphorus rather than through numerous light doses,
ﬂander(zh), reports that under any cropping system which maintains a
high soil organic matter content, there will be a higher rate of
phosphorus penetration than on a soil having low organic matter cone
tent, because there is less fixation of the superphosphate. He found
that by the addition of organic materials to the soil, phosphorus

penetration could be materially increased down to twelve inches, but

that no noticeable increasze could be found beyond that depth,




METHODS AND MATERIALS

The site of this experiment was an established turf area on the
campus of the Fennsylvania State College, The area consisted of 25,000
square feet of a well established turf population composed of Zentucky
bluegrass (Poa pratensis), red fescue (Festuca rubra vars, genuina and
fallax), and bentgrass (igrostis palustris and A. tenuis), The s=0il of
the area is a Hagerstown silt locam of good fertility and gentle rolling
Topography, This soil has axcellent surface and subsoil drainage,

General maintenance of the area.

As far as possible the general maintenance practices of the area
were very similar to the practices in common usge on most of our golf
courses. lhroughout the course of the experiment the area was clipped
at % inch, the frequency of clipping being determined by the rate of
growth of the grass. [Lxperimental evidence in the past has indicated
that clipping to 3 inch may have detrimental effects on the Kentucky
dluegrass and red fescue population, at the same time benefitting the
Dentgrass populationj but in view of the fact that this has become
common practice on most of our zolf courses today it was felt closge
clipping was justitiable, 4 high level of fertility was maintained
through regular fertilizer applications in the spring and fall. o
Spring and fall of 1950 fertilizer was applied at a rate to pr
and three-quarter pounds of organic nitrogen (milorganite), ¢
Pound of inorgzanic nitrogen (Ammonium Sulphate), one and or

of P20¢ (Superphosphate) and one and one~half pounds of ¥




v

potash) per 1000 square feet. In the spring of 1951 fertilizer was
provided at a rate to provide one and oné-nalf pounds of organic nitrogen
(milorganite and uranite), one=-nalf pound of incrzanic nitrogen (2mmoniua
Sulphate), one pound of %,0 (auriate of potash), and four pounds of P20g
{Superphosphate) zer 1000 square foet. Composite samples of the sntire
area yers taken av regular intervals for soil reaction deteraination,

the pd of the area was a2aintained at approximataly 5.5 o 5.6.

Zxperinental <desicn

The desi,n used in this axporiment mas a modilied spiit plot, In
1250 therse were Tour levels of moisture and five levels of compaction
with three replications, Compaction treatimentis were superimposed and
at right angliaes to the aoisture trsatmente in order to give all possible
combinazions of compaction and wmoisture. the individual plots wsre 18
by 20 {eet. The compaction and noisture ftredatments were randomized
within each block,

In 1751 a third factor, aerification, was introduced into ths
sxperinent. Aerification treatments were applied by dividing the
compaction-moisture plots in half in the direction of the compaction
applications, .Ihis resulted in compaction and aarification running in
one direction and at rigat anglee to the moisture treauwment, Compaction
and moisture, therefore, becams the zain plots and aerification the sud-
plots. Ihis again :ave all possible combinations of compaction,

moisture and aerification., The individual subeplots were 13 by 10 feet,
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Treatnents
Compaction: 4 rather wide range of compaction treatments waere
applied in order %o obia-.n definite and saaily 1istinguisnabls lavels of
compaction. The application of a pressurs of 52 jounds per square inch
(the maximum used in this experiment) was sufficiently high to axceod the
sounds per 3yuere incn delilivered oy ouf aeaviast tur? mainienance 2quipe-
nent,
The compaction treatments employed and the symools used to denote
thesa trsataents throughout the course 2f this text are as follows:
(1) Yoo = Yo compaction applied.
(2) Lt 1IX - Approxinately 15 2. S. I. applied once each week,
(3) It 2% = Approximately 15 2. S. I. applied twice each week,
(h) H 1X =  Approximataly %2 P. 2. I. aoplied once each week.
(5) A 2X -  Approximately 52 2. 3. I, applied twice e2ach week.
The compaction treatments wers applied by the use of two
cylindrical hollow ateel rollers. Sufficisnt weight in the form of
concrete blocks was added to the welcht tray of one of vthese rollers in
order to meet the requirements of the Lt 1X and Lt 2X treatments. The
second roller was filled with concrete and sufficient concrote dlocks
were added to the weight tray to meet the reguirements of the H LI and
4 2X treatments. The rollers were pulled dy & standard Ford tractor.
Jefors attempting %o svaluate the affaect of compaction on the
turf it was neceesary to experimentally chow that differences in levels
of compaction existad, CJeverai asthods, namely volume weights,

penetrometer readings, and I-ray spectrometer determinations were used




U

to determine compaction, These methods and their results will De dise
cussed in zore detail later in the text under the heading of Prelininary
Investiations,

‘ doisture: Tha moisturs levsls to be used in tha 3xperiment wera
of such a natura as %w cover practically any moisturs gituation found in
JaTurs, 012 aucessitaled a wilie range of wisiure applicalions, The
soizlurs apulications wers nades by the i1se of 1X) foot pines drilled and
tauped avery three feet and squioped with short throw nozzlas, The szhort
throw nozzles zave a :.niform nine oot hrow allowing a total arna of
nine faet Dy one hundred {aet %0 %e irricated at any ziven time. Inasmuch
as the plots wars 13 faet wide 1% raquired two settings of the >ipe %o
cover a 5 plot ssories of 20 oy 18 faat plots,.

The moisturs levals amployed and the symbols usad to denote thesme

treatuoents throughout the zourfse 2f this %est, are as follows:

{1) DOry - No supplemental irrigation applied. The anly
moiature availabls during the irowing season was
that supplied by natural rsinfall,

(2) A, = As Needed: “upplemental irrization was applioed only
in sufficient amounts to maintain a healthy >raeen
color and promote normal growth, During the srowing
season the avaerare soil moisture content xas maine

tained at approxinately 15 to 18 percent., The

wilting point of this soil ia approximately 7 percent,




(3)

obrervations with the Jrevailing weather conditions,

15

Toe Oo = Mleld capacity: CSupplemental irrication was applisd

in sufficient awmount to maintain a soil noisture
content of approxinately 2l percent which is the
fleld capacity of this soil. (Pield capacity sueing
defined as the amount of water neld in the soil
mwanty=-rour © [oriy-aiznt aours aller Wie soll had
been saturated,)

caturateds CZupplemental irrigzation was appliad in

w“

ulficient amounta to xeep the soil in a noisture
condition approaching saturation., ‘he tofal water
hoiding capacity of this soil is approximately 49
percent, Due to the excellent surface and zube
surface drainage of this soil it would have

requlred almost continuous irrigation to aaintain
caturation, ihe average moisture content of the
20il under this treatment was, therefore, approxi-
nsatoly 38 percent, which is approximately 78 percent

saturation,

In an effort to maintaln the above moisturs lavels as closely as
possible several aethods of determining when to irrizats were used, ‘he
dry weataents, of course, did not receive any irrigation 4and, thersfors,
1id not constitute a problem. On all noisturse levels, periodic samples
wore taken and analyzed in the laooratory for aoisture content, The
additicn of water to the As Needed plots was detormined antirely oy

ooserving the conditicn of the turf and aenially correlating tnese
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Fater applications at the proper time on the ficld capacity and
saturation jlots constituted much nore of a2 proolom than did the other
moisture levels, 3azson,(25) primarily through trial and error, found
that Lark soil moisturs tenziometers were best suited for this purpose,
The Lark tensiometer is a =oil moisturs indicator naking use of a porous
ceranic cup and a vacuum gauxe connected together #ith a tuve 1in such &
way that the system can de cozpletely filled with water. The entire
system 1s fllled with water und the porous cup placed in the plant root
zone and allowed to come %o squilibrium with the soil. I the soil has
a high moisture content thers will oe no water movement dDetween cup and
the s0il and the vacuum gaure will registor zero. dHowever, as the
aoisture content of the soil drops oceiow the molsturs content of the
porous clay cup there will pe a moveament of wuter from the cup to the
soil. This will cresate & vacuum and will de registered as a rirze on the
vacuun pauge.

Tensiometers are limited in use and a thorousgh inowlecdze of their
operation must be understood if they iare to oe uzed succes:sfully. The
maximum tension cannot exceed one atmosphere, When the potential of the
soil water exceeds one atmusphere, air will enter the system and the
tensiometer decomes inoperative. It has Deen found that the tension
increases rathesr slowly as water is removed from wet soil so that a
subetantial fraction of the availaole watsr has been ueed Dy the time
the tensiometer gauge approaches one atmosphers. BSeyond this point the
soil moisture tension rises rapidiy. The limitation in range of the

tensiometer, thersfore, is not serious in this study inasmuch as it




covers the optimum moisture range.

One serious drawback of the tensiometer, however, ls that there
is consideraols aysteresis sffect, A soil that 1s oeing wetted has a
different soil moisture content at the sane gauge reading from that of
the same coll Oeing dried, This obstacle was overcome in soae degree
throuch constant ovbservation and anticipation as to the proper time for
irrisation,

It was impossible W Xeep an accurate record of the imount of
water applied under the various wmoisture levels, Unfortunately, the
water line supplying the arsa also supplied several of the women's
doraitories on ‘he campus and severe fluctuations in the water prszsure
occwrred throughout a imenty-four hour period., Financial ald was not
available to supply pressure valves and other equipnent necessary to
saintain constant pressure,

Rainfall data for the growing seasons of 1750 and 1951 are given

in the following tadle to indicate how much water was received by the

dry plots,
Rainfall in Inches
fonth 1950 1951
April 1.75 2.72
sy L.10 2.93
June 2.20 5«71
July b.31 1.711
August 2.57 1.52
Sep tember 2.00 1.7

October




It should de pointed out in regard to the above rainfall cdata that
total rainfall is a very poor criteria of the aoisture conditions that
prevailed over a monthly period. Rainfall distribution is of much =cre

‘ importance., For exampla, in August of 1251 the total rainfall was 1,3
inches, but of this total, 1.15 inches fell in & twelve hour periud and
no more rain fall for taenty-tao days, Siailarly in faptozber of 12°1,
1.0l inches of a totai 1l.47 inches fell in a twelve hour pericd and no
sore rain fell Yor twenty-six days. With Llhis additional information it
bacomes apparent that drought conditions axisted on the dry plots the
areater pars of these two months, Rainfall in 1950 was much more evenly
distributed than it was in 1951, The is loeded plots received approxie
mately one to two inches of supplemental irrigation per month during the
growing season. Supplemental irrigation on the {ield capacity plots
averaged approximately Uifteen inches per month and the saturated plots
approximately forty inches per month, Thegse amounts varied considerably
with changes in weather conditions, i.e., distribution of rainfall,
temperature, avaporation index,

Aerification: Aerification treatments were applied to the area
Ay 1, 1751. The original 13 by 20 foot compaction-moisture plots were
3ub=divided in half, one hal{ being aerified, the other hall continuing
to receive the compaction treatments only. All plots continued o ree

ceive the same moisturs treatment they had received in the past. This

arrangement gave all possible combinations of compaciion, moisture and

aerification.
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Aerification was done with Jest foint Lawn Preducts Aerifier
model fC syuipped with 3/L inch spoons and Flaxipress. Additionsl

weight, in the form of concrete blocks, =as added to :the Aerifier in

order 1o gzet a maximum penetration of 5 inches, The 2rea was gone over
three timcs.

lanediately following aerification, the spring application of
fertilizer was applied Dy use of & tractor drawn Camdy spresder. The
soll cores drought to the surface oy the aerilier wers then broken up

by dragging the area with a steel mat. 7his also served io distribute

the fertilizer more thoroughly and undouotedly resulted in the mechanical
wovenent of some of the fertilizer down the Aerifier holes.

4ethods of Zvaluation

The effects of compaction, moisture and acrirication were
evaluated by five major criteria. 'hey were:
(1) T®cological changes in the population of the permanent
species, (Kentucky bluegrass, red fescue and bentgrass)
(2) Invasion of crabgrass, clover and other weeds, including
Foa annua.
(3) Root quantities and distribution.
(4) ~Phosphorus penetration.
(53) The severity of natural disease infection.
Scological changess lhe changes in the population of Kentucky
bluegrasas, red fescue and bentgracgs were determined by use of the
inciined point quadrat. Fopulation counts were taken in the fall of each

(29)

year and were taken in the exact manner as taken by Natson on these

plots in previous years. This was done in order to permit ccmparison of




rasults over the 3ntirs Deriod of the two axperiments.

All inclined soint juadrat counta were dased on five setiings
(50 needles) per individual sub=plot. Calculations of the percent of
the various permanent species present wers nade directly from the
numper of times the individual species (Zsntucky bdbluegrass, rad fascue

and dSentgrass) wers aii in comparison 0 e total aumoer of hits on all

species found in the “urf. Ths percent of total permanent species was
used 38 a dagce of 100 for the determination of the individual species,

Crabgrass, clover and other weeds: In aaking the point Juadrat
count, rsecords wers ilzo <ept on the individual weed spacies counis 30
that the percentagy of lotal s=pecies that mas craobgrase, clover, 8ic.,
could also be determined. In addition, crabgrases counts wssrs nade Dy
use of a double X line juadrat, In this procedurs the actual numoer of
plants oceurring undsr the lines were recorded.

Clover determinations were made with the point Juadrat as
dencribed above and visual observarions of the sstimated percent of the
total plot area covered by clover wers also nade. Ihis was done Ly
astimating how many square feet of the total plot arsa was covered Dy
clover and converting these Iigures to psrcent arsa. All other weeds,
including foa annua, dandelion, duckhorn, roa irivalis, lealy spurgs,
ate., were zrouped under miscellaneousz weeds and determined [rom the
goint juadrat counts,

foot juantities and distributions 300t samplag were iaiken in
~epramber with a one and five-aighths inch plugger at one inch intervals

%0 a total depth of 3ix inches, Hine saasples sers taken at sach one
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inch interval for each sub-plot. These samples were taken to the
laboratory and each individual sample hand washed. 7The washed roots
were dried overnizht at a temperature of 105° C and weighed on a
torsion balance. (Calculations were made of the percent roots found in
the upper two inches of the total #ix inch layer and of the percent
roots in the lower four inches of the total six inch layer.

?hosphorus zenetration: Coll zamples for phosphorus determi-
nation were taken in mid June 1951, approxizately six weeks after
aerification and application of the fertilizer. Samples were taken
with an Qakfield soil tes=ting tube at one inch intervals to a total
depth of =ix inches. 7en randomized, one square foot areas were
chosen on sach individual plot and ten soil samples taken from each one
square foot area. it was felt that by using this method of sampling
rather than by taking 100 completely randomized samples, the effect of
aerification would not be as highly diluted. By taking ten samples
within a given square foot, there was & higher probability that scme
Aerifier holes would be hit,

‘he soil samples were taken to the laboratory and extracted by
the method described by ".‘ruog(zz). The extracted phosphorus was then
analysed by the Ceniges Ctannous-Reduced Phosphomolybdic blue color
method ar adpated to photoelectric mneasurements by Jackeson and lmproved
by Truog and Aaycr(zl).

Disease infection: During the sumaers of 1950 and 1751 it was

not necessury to take disease records because of the complete abszence of

diseare. During the winter of 1950 there were several areas of the plots




heavily infested with sncw mold. it wap Tfell thizs was due prisarily, to
the for-azion of drifte over certain areas of the n»lote and was not ine
fluenced oy any of the treatments applied. Individual nilot records,

therefore, were not raken,
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Preliminary Investigationsa

Detoraination of Compaction

INTRODUCTION

A8 indicated under dethods and Jaterials it was necessary to show

experimentally that actual differences existed under the various come

paction treatments ovefore any discussions of the effects of compaction
could be undertaken., Ihree zethods of coapaciion measzurenents were
studied and correlations vetwesen Lhe aethods wera nade., This involved
the uge of penetrometer readings, volume wei;shts, and X-ray spec—
trometer data,

Volume weight determinations are, at the present iime, the most
generaily accepted manner of evaluating compaction. 7The somewhat
stony nature of the =0il on the experimental area offaersed a serious
disadvantage to this type of determination, It was felt, however,
that if sufficient samples were taken ths mors stony ones could be
elininated and a4 reasonable degcrse of reliavility attained,

The sail penatrometer offered the simplest method of evaluating
compaction, Zenetrometer readings are also influenced oy the prssences
of stones, but the sasze of obtaining penetrometer readings was such
that any hits occurring on stones were not recorded. The density of
plant stewms and roote may also influence penetrometer readings,

Prelininary investizations by ¥ateon, Jefferies, and lueser(zé)
indicated that the Ceiger counter i-ray spectrometer could be success-

fully used to determine compaction, This technique involved the

;
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racording of the intensity of the 1010 juarts line as recorded dy the
A=ray spectrometer. The assumption »as sade that the mors conpacted
the soil was, the amore tightly the quartz particlas would De pushed

together and the hl.her would be the intensity of the 1010 quartz line,
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PRCCIDURE

Psnetrometer: A Hototiller foil Penn-c-trometer was used to take
penetrometer rsadings., Iwenty-{ive stone free hits were taken on sach
individual plot., These readings were taken in June of 1551, In all
probability aaximum compaction for the season had not occurrsd at that
early date bdut it was neceasary to take csuch readings when iize per=-
mitted,

Volume weightiss Volume seights wers taken with a volume weight
tube having 4 volume of IL2.13 cubic centimeters. These determinarions
were very difflicult to make because of the »tony nature of the smoil.
Approximately 60 percent of the samples were discarded because of the
presence of stonen, Jnough sasples, however, were taken to zive aix
usable samples per plot. The samples were removed to the laboratory,
dried, woighed, and the volume weight calculated,

Geiger counter X-ray spectrometer: Samples wers taken in tripli-
cate from each individusl plot with a Jdoer Soil Profile sampler.
ihese samples were sized to approximately one-half by one by two inches
and immedlately coated on both sides with a four to one amyl acetate-
collodlan zolution and allowed to harden., This coating was applied teo
hold the sample togethar and to facilitate handling. 7This coating had
no effect on the action of the i-ray spectrometer pattern,

Juarts was used as the indicator mineral and the 1010 or secondary
quarts line determined. Four determinations of this line were nade at

intervals on each sample, gziving a total of twelve detsrainations for




each plot. These readinugs wers averagod %o detoraine the averaze

intensity of the juartaz line for sach plot,

RESULIS

Penetrometer: Table ILITI of the appendix zhows the penetromeuter
readings. appendix Tabie ILIYV shows ths analysis of variance for
penetrometer readings and indicates a high significiance for compaction,
this tables al=o shows that aerification has a significant 2ffact on
penetrometer readings, Jalthough the analysis of variance showz no
significant affact of moisturs on penetrometer raadings, ¥igurs 1 doss
show 3 definite trend. in this respect it should ve pointed out that
penetrometer readings wore taken June lst, At this time no »upple-
gental irrigation had been appliad to the plote for approxizately ten
days decause of frequent rains, Therefore all plotvs were at approxi=
antely the same moisture content and moisture had no significant effect

25)

on the penetrometer readings. ﬂntson( in testing penetrometer
readings taksn in September has reported that moisture has a highly
significant, affect on penetromater readings,

Fizure 1 shows that as the zoisture ~ontent ol the soil increases
thers ia an increase in compaction up %o a point, In this experiment,
this point occurred somewhers detween the e 'leeded moisture level and
field capacity. 7hen compaction had reached its naximum at this point,
there was a decrsase in cowmpaction with increasing moisture. Fiigure 1

also indicates that as compaction increased, the azount of peneiration

of the penetromoter probe decreased.
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Yolume weightsis Table ILII of the appendix shows the analysis of
variance for volume welijhts and psnetromecter readings, aerification
treoatnents omitted, Jecause of the 4ifficuliy in taking volume weizhts,
samples vore taken only Irom the no compaction and H2X compaction levols
at all moisture levels., In amking a comparison of the individual
analyeis of variance for penetrometer and volume weizhts, it was neces-
zary to use anly data from the penetromster reacings zhich coincided to
the volume weight data froa the same plots. This #xplains the differance

in the analysis of variance of jenetrometer readings found in Table XLII

A 0 s

and Table ILIII of the appendix,

The analysis of variance for volume weizhts { iabla ILII) shows
compaction to be highly significant., Jdoisture nad no significant effeect
on the volume weizht determinaiions., This wag due to the fact that all
plots had the same approximate soil moisture content at the time of
saopling. Ihe volume weijht samples were taken in early ‘eptemder,
shortly after a one inch rainfall, Figure 2 shows that as compaction
increases there 1s a comparable increase in volume woight.

In order to compare volume weizhts snd the penetrometer as a
means of deteraining compaction, & simple correlation was run detween
penetrometer resadings and volume weights. 4 highly si:nificant core
relation of -.7000"*’1 was found to axist., That a negative corrseslation

should ve cotained i3 obvious, as compaction incresses, the depth to

1 # Jenotes significance at S& lavel w#» Denotes siznificance at the
1% lavel ### Jenotes eigniricance at the .13 lavel
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which the penetromster probe penetirates will decrsase. On the other
hand, as compaction increasges, volume weights will increase,

Celger counter X-ray spectirometer: Lata obtained by uze or the
X-ray spectrometer was found to be quite inconsistent and very une
reliable, The data obtained wae found %o be almost inverse to that
ranor+ed by Jatson, Jefferies and iuaeer(26). in most instances the
plons receiving the heaviest compaction treatament (H2X) showed the
lowest 1010 quarts line intensity and the plots receiving no compaction
othsr than the normal zaintenance practices showed the zreatest 1010
quarts line intensity. It was felt that the data odtained had no value
whatscever and no statistical analy=ia was made. Yo explanation is at

hand for the behavior of the samples in this particular experiment,

but opinions of the writer will be expressed in the discussion that

follows,
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Pgnatrometer resulls cotaincd in this investigatlon vary comewnat
from those found by lataon(ES). Hatson(ZS) has shcwn that, as the
=oisture content of the soil increages, there is a straizht line de=-
crease in compaction (increase in penatrometer psunelration; under any
given compaction tresataent, HNeaver and Jaaison(27), working with com=
paction caused Dy ractor tires, do not agree with this stavement,
shey have shown that under a ;iven compaction treatment thers is an
increase in cowmpaction as the moisture content of the 20il approcaches

ield capacity., 4aximum compaction ocecurs in this zolsture range and
with any further increaser in aoisture content there is a decrease in
compaction. ihis is due, prizarily, to the high amount of water in the
soil, which is almoet imcossible t compress, Lhe {indings in this ine
vestigation confirm the findings of Weaver and Jauiaon(27).

Under soil conditions which permit the use of volume weiyht
detarminations, this method has Decome the mosti stamlard msethod for
determining compaction. Despite the stony nature of the soil under
investization in this work, it was fall that sufficient sanples were
obtained o remove the undesiraole samples, Ihis conviction was upe-
held by the highly siynificant correlation that was found to exist
botween volume weignts and 20il penetrumeter readings,

The Jeiger counter ieray spectrometer did not 7ive consietent
compaction measurements coamparable to those ocbtained dy volume weight

determinations and penetwrometer readinge as raported Dy %atson, duzmser

26
and Jorreriol( ). Ihis may have Deen due to failure %o obtain
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adequate saaples % 3Beet the requiresents of ihs nzgczine itsell. The

i=ray spactrozeter requirses that Hit frae samploes auproxinstaly onew

nall oy one Ly Lwo inches 2e ised, it s d4ifficull %0 obtain proger

<

zaaplz2g with the Joer Zoil F/rorila Jamnler, the ool used %0 itake

sanples for f{-cay deterainaiion. he stony naturg of e sxwerlaental
argad incrdaesasd ohe JA72iculzice of srawline, Trlones zaclil snough W
antsr tne sampliar often caused the zamplo "0 2reex aApart or <iuck anen
Jeing removed from the samplor, =arcer =tones . Irsvoansd tae poneiration
9 the sampior w the desired dapth, another dilficulily 4rose in the
SOaiing af Lhe samplas %o prevent Lrsagage in handling, Jocausa 1t was
rscgssary o lay “he sanple down immediately alter coating, dirffersntial
drying took pldce and the saaple crten =arped o zcxe devrara., ihe
sanples oovtained in this investigation saore, *therafors, juits incon-
sictaent,

:he gsampleos themselves dacame a further proolvm when placed in the
J=ray machine, 2ive in the samples caused dy he presence of zmall
stona8 in the sampler and the acraping of the sample againet the rasged
edie of the zaapler caused considoradls variations in ihe l-ray ine
teasivice, .a seny cdses "he Leray was Joflected from side %o side in
the scili piva causing false readlings on the ‘eizer counter.,

inia discussion is not leciyned a3 a condamnazion of tha ‘elger
countlear L-ray spectromater iethod of soil coampaction zeasursaens, Jut
ritner is w point out some of the Aificuliies wsnich aust 08 cvsrcome

Al uhis aethod i3 %o 2@ uzed successfully %0 geasure soil coapaction,
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SUMMARY

<t has been shown that a close ralationship existis detween pene-
trometer rsacdings and volume weizhts., 7This relationship i= showm by a
nighly significant negative correlation., a4s compaction increases,
thare i3 3 decrsase in gencirsameter rsadiags, Suli as compaction ize
creases there is an increase in volume weights., Tthis necessitates a
negative correlation,

Statiastical analy=is showed compaction %0 de highly significant
(1%) when compaction determinations were made with the penetrometer
and volume weights, Joisture was not found %o De statistically sige
nificant, but the interaction of moisture x compaction was Tound to de
significant at the 5% level,

in this investigation, the Jeiger counter X-ray spectrometer sas
found to be guite unreliable as a method of measuring compaction, It
is felt that the X-ray cdata was not complete and further work should
be done with this machine before rscommending or condemning it as a

means of determining coapaction,
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=flacts o Jloisture, Compaction, and

Aerification on the Total “srcent of

Zermanent ‘pecies in the Mur? ’opulation

g aysrasa pupssntico. of Sotal sonulation ‘hat iz Zepuanint
3peciss under the various 20isturse and comgaciion Wweataents in 1950
is shown in lable I of the appendix with the anaiysisz of variance for
the iata, Iabl2 I shows thal the percant parmanant specises wag quite
anilorm under 4ll compaciion levsis, N6 nean average Jercent Jeride
nent specivs under all compaction treatments in 1750 was ?]).7 jercent,
e siatlistical analysis indicates that compaction had no signilicant
erffsct at the {ive percent iavel on the Jercent ermanent speclas,
labie I of the appendix also shows a definite trend towards i decruase
in percent peraanent speclas as the moisture zontent increased. [his
trend is shown aore clearly in Fizure 3., Statistically, moisture had
20 siznificant sfact at the [ive nercent level on the percent Dermnae
nent =pecies present in the turl population in 1750. Ihe intoraction
of woisture X compaciLion was not siynificant in 19%0.

Appendix Jable TI shows the averaze zercentage of tha turf
population that 1s permanent speclies 4t the various noisture, coapaction,
and aerilication treatments in 1/51, apuendix lavie [II chows the
statistical analysis for this data, s in 1750, compaction had no

siznificant affect on the percent permanent specises, ‘he nean dverase

Jurcent jaruanent specles inder all compaction twroatments in 1,51 #as

75 percent, i'is was not a sisnificant increase over the percent
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permanent species deternined in 1350, There was no 3ignificant sffsct
due tu amoisture on the percent neraanent specles im 1751. The trend
towards a decrease in percent permanent species vith an incraase in
wwisture contsnt shown in the 1750 iata was not “ound in the 1751 data
(Figure 3). aerification had no signifizant effect on tha zercent
serwanent species in 1251, Figurs 4 chows a 3lizat rend lowards a
decrease in perczent jeraangat spsclas dne %0 aerification, Ihis was
prabaoly due Lo an increase in weed population under Zpring aerification,

The intaractions of aczrification x aolsture, aurification x come
paction, and aerillication x molaturs X compaction wars not 3ignilicant
in 1951,

Tablae [U(VIII of the appundix anows the averuge percentage dif-
ference in percent total speciaes that 1s permanent species, 1950 to
1951,

Ifracts of ‘loisture, Compaction, and

Aerification on Individual “pecias of Permanent Crasses

duntgrass: Jaole VII of the appendix shows the average percentage of
parmanent species that 1ls bentgrass at the various nolsture and come
paction levels in 1750, Ihe aain affaecte of compaction and noisture
were not mignificant at the five percent level. ‘The average percent
bentgrass present under the various compaction lsvels is juile con=
sistent, The mean average percent dentgrass for all compaction traate
ments is 91.4 percent., Figure 5 shows a definite trend in the moisture
lavels, is molsture increases there is also an increase in the percent

bentgrass, ‘he effsct of moisture x compaction was not significant in

1750,




aaAsT uotqomdung

37

X2 H ) G ) A | XT 11 *OR

A2
»
Ia4

U890

4

T aeuTmIa

~
2

gaToad

PAT u.ﬁ.qvﬁlzj.q

POT.ITIO -

o] =
*13RT .nav\,nd uoT3ordmon gnOTITA 273 1R

el
qatoede quavemrad o1 47 eapasde (M0 quangad amqy U0 UOTIWOTITIAR 10 2027177 = 19




Percent Bentirass

\ 4 Vool
A..]. “ove ol Oe

doisture Lavels

of moisturs on the parcent narmunent
that is bentgrass, 1950 ind 13351,




Percent Bentyrass

100

28

4

92

90

(=)
W
i
=

1380

rzy
=

(O3]

No. Lt IX Lt X d X H X

Compaction Levals

T S o 3 1 & o ayevar " =
alizclt ¢l compuction on Lil2 22rcensy -srnansnsg
~

gpacias that is ventygrass, LJisQ dna LJd51,
: =) ’

39




LO

7he average percentage of pernanent species that is bentgrass in
1751 is shown in Table VIII of the appendix. The analyeis of variance
of this data is given in appendix Table IX, Compaction, moisiure, and
agrification had no significant effect on tha bentgrass population at
the tfive percent level. As in 1950 thers is an increase in Dontgrass
as moisture increszes (Tigure 5).

Figure S shows jraphically the offect ol compaction levels on the
percent pernanent species that is bentgrass, 1750 and 13951, Table XXV
of the appendix shows the averaze perceni dill'erwnces in the bentgrasse
population, 1750 to 1751,

-

f{lentucky Jluerrass: 7able X of the appendix shows the average percent-

age of purmanent species that ls Kentucky dluegrass at the various come
paction and zoisture lavels in 1950, The statistical analysis for this
data is also given in the same table, Compaction wae found to exert a
highly significant effect on the fentucky bluegrasa population. The
Lentucky bluegrass population was higher on the heavier compacted plots
than it was on the no and lizht compacted plots. Figure 7 graphically
shows the effect of compaction on bluegrass population. idoisture had
no significant sffect at the five percent level on the (ercent blue-
grass present. The interaction of compaction x moisture was round to
be significant at the five percent leval in 1750,

Kentucky bluegrass percentazee for 1951 under the various amoisture,
compaction, and aerification levels are given in appendix Table XI,

Appendix Table XII zives the analysis of variance for this data, As in

1950, compaction had a significant effect on the blusgraes population,
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The H2X plotz showed a much higner Lentucky bluegraes population than
did any of the other plots. The effect of compaction on the percent-
age bluegraes present is shown in 7Figure 7. Joisture had no signifi-
p cant effect on the bluegrass population, but Table XI of the appendix
does show a trend towards a decrease in blunegrass population with an
incresase in moisturae, a4erificarnion had a significant affect on the
oluegrass population, primarily through its veneficial sffacts on the
weed population. Aerification had more effect on the dluegrass popu=~
lation under the various moisturs levels than it did under the differe
ent compaction levels, 1lhe erffaect of aerification on the jercent
oluegrass under the diffsesrent moisture levels is shown graphically in
Figure 3, There sere no significant interactions in the 1951 data,
fed Fescue:r The average percentdge of permanent spscies that is red
fescue under the various zoisture and compaction treatments in 1950
is given in Table XIII of the appendix, as is the analysis of variance
for this data. Compaction had no significant effect on the fescue
population at the five percent level. In like manner, mcisture showed
no significant effect on the percent fescue present. :oisture did
show a decided trend. As the moisture content of the soil increased
there was a aharp decrease in the percent femcue present. Ihis is
shown gzraphically in #igure 9.
The 13951 data (appendix Iables XIV and IV) for percent fescue
present is Juite similar to the 1750 data, Compaction had no signifi-
cant effect at the five percent level. ioisture showed no significant

affect, out, as in 1950, a trend towards a decrease in fescue popu-

lation with an increase in noisture was shown, This 15 also illustrated

s
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in Fijure ?. ‘here was no signilicant 2ffect on [escue population due
o aerification in 13551. Yone of *the interactions involving the thrse

tyres of treaiments were aignificant.

*ffacta of doisturs, Compaction, and Agqrification on the

farcent Clover, lraburass, and Total Jeeds orasent in the

furf Pcoulation

Slovers _stimates of tha sercentage %otal nlot area covered 2y clover
at the various compaction and moisturs levels in July 19S50 ars ziven

in appendix faola LVI as ig the analysis of variance for ihis data,

Al thia time compaction and molsturs nhad ao zignificant affect on the
ground arsa coversd dy clover,
7aple AVII of the appendix zives the same information for

July 1951, e analy=is for this data is found in appendix Table
AVIZI., Agzain compaction and moisture had no direct affact on the plot
area covered by clover, out the inferaction of nolature x compaction
was 3igniflicant at the [ive perceni laval,

. ‘he avsrage percentage of total specles that ia clover at
the various moisturs and compaction lavels in “eptember 1750 is jiven
in appendix Tapla 1IX, ‘the statisztical analysis is 7iven in the zame
table, Compaction had no siznificant effact on clover population at
the five percent level, although Lhe calculated ¥ value approaches
siznificance juite zlosely. <“lover appoars o ve¢ much hisher on the
heavy compacted plots than on the no coumpacted and lighter compacted
plots, 'he analysis of variance shows that woisturse had no significant

effact on the clover population, although there are indications that
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clover inereases wiith an increase in acisture (Figure 10).

Appondix isole i gives lhe percent clover pressent in 1951 and
appendix Jadle Ail yives the statistlcal analysis for this daa,
Compaction, noisture, and aerification had no signilicant effect on
the clover population a4t the five percent level, e trend towards
an increace in clover wila increasing solisture content ¥aa not ae
svideat in 1751 as it sas ia 1990 (Ffijures 10). Jigure 11l indicates
wha aflfeot of acrilication on ihe percent clover prassnt it the
various aoisture levels, a8 solsture increamsed froa dry o field
capacity, there was an increase in czlover population, <Jlover popu=
lation then decreased, primirily due Lo the denzity of the Dantgrass
and crabrrasz which prevantea the invasion of the clover.

Crabgrasss The average number of crabgrass plants occurring under
doudle x llne diagonals at the various xoisturs and compaction levels
in 1950 is given in appendix Taple XXIX, The analysis of variance
shows that compaction had no significant effect on the craograss
population, Hoisture, however, was (ound “w oe dighly siynificant

(1% level). Figure 12 indicates that, 45 moisture increased, there
was also an increase in the crabgrass population. although compaction
was not significant, there was, in all cases, & smailer numper of crabe
grass plants present on the heavy compacted plots, as comparsd to all
ather plota. ihe interaction of compaciion X zoisture was not signifie
cant in 1750,

(rabgrass daewa for 1751 1s found in i(wole IXIII of the appendix
and the analysis of variance for the data in appendix Table IZIV, is

in 1950, compactien had no significant effect on craograss populaticn
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at the five jercent lavel. Clontrary to the 1750 results, 7oisture was
not significant i1n 1751, dowever, as Fficvre 12 indicaves, Lhers was
still a tendency for the crabgrazs population 0 incresse wvith an ine
crease in moisture, Ia 1751 aerification had a highly significant
affoct on tha crapsraes popuiartion., Inder any ziven compaction lavel
*here was 3 hinhly =ipnificant incrsease in the amount of sraberass on
the aerified hall of the individual plota, This is shcown jraocnicallj
in 7izurs 13, Yo interactions were siznificant,

Jeecdss Taplae IV rives the averarge oercentage of tctal speciss that is

wveeds atv the various compaction and moisture lavels in 17%0., Compactiion
had no significant affact on “he weed population, although the data
indicates that thers is a hoavier weed infestation on the 1eavisst come
pacted plots as compared to the no compacted and lizht compactaed plots,
his i3 shown zraphically in ¥igure li., Joisture showed a definite
wrend, but was not significant at the Jive percent level. .\s the
moisture content increcased, there was an increase in the weed population.
#igure 15 illustrates this trend, ‘he intoraction of moisture X come
paction was not sisnificant at the five nercent lievel,

Appendix {ables Y and VI jive the weed popularion data for 171,
~s in 1750, compaction and moisture had no =iynificant affect on the
percent weeds present. Jolesturs and compaction trends (Vigures 1 and
15) were not as pronounced in 1)51 as they were in 1750, This zay ne
due to the lower severity of cravgrass infestation in 1351, although
aerification was not =2ignificant at the five percent level, thers w=as a
very marked increase in weed population on the aerified plotz as com=

pared to the noneacrified plote. fizure 16 shows the of fact of




asrification under the various noisture lavels in 1951,

‘he interactions of moisturs X compaction, noisture x aerifi-
cation, aerification x compaction,; and aerification x =oisturs x

compaction had no 2iynificant affact on weed population,

“ffacts of Joisturs, Compaction, and

sarification on Joot Juantities and Distribution

doisturs and compaction had very little affect on the %otal
quantity of roots produced in 1750 and 1351. The average zrams of
avan 4dry roots preaent in coil corses one and five eignths incnes in
diameter 0 a depth of =2ix inches in Zeptemoer 1750, say %e found in
appendix Tabole JXI, 'he zame data for Cepfember 1751 may oe found in
appendix lables IXXII and XXXIII. The 1951 data shows a much hizher
wotal juantity of roots on the dry plots az compared to the irrizated
plots,

Appendix Table XGXIV shows the avsrage psrcentage of total roots
in the upper two inch layer 2f a total six inch layer under the various
moisture and compaction levels in 1750. Compactiion and moisture were
not signi:icant in 1950 at the fiva percent lavel and axerted very
little influence on root distributicn. In 1751 noisture had a4 very
simificant effact on the distridution of roots (Appendix lable XXXIVI),
is woisture increased, thers sas an incrsase in the sercentaze of the
total roots found in the upper two inches, This is shown gzgraphically
in Figure 17, *he ..’.0. for moiswure asay oe found in appendix fable
KXVI and applied to the root values found in appendix Taole XXV,

Compaction and aerification had no significant effect on root
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distribution in 15%51.

The percentage roots found in the lower four inches of the total
six inch layer and the statistical analysis of this data is found in
Tables XXXVII, XXXVIII, and XXXIX of the appendix. As expected froa
the results indicated in the upper two inches, compactiion and moisture
nad no significant ef’sct on the rood distributioa in 1750. Compaciion
had no significant affect in 1751. Ais in the upper two inches,
poisture had a aignificant effect on the distridbution of the roots in
the lower four inches in 1951. In the lower four inch layer thers was
a decrease in roots with an increase in noisture. This wmas dus %o an
increase in roots with an increase in moisturs in the upper two inch
layer. (7he percentage roots in the lower four inchos having deen
determinsd by 100 minus the percentaze roots in the upper two inches.)

serification showed no significant effect on root quantity or
distribution in 1951, This statement nay, in some instances, be quite
nisleadins, Under sxtreme conditionn, €.g., heavy compaction and
1ittle or no irrization, there wers positive indications that aerifi-
cation did have some beneficial offects. 4Although these diflersences
were Juite small, they assume much greater importance when couverted
to a pounds per acre or lineal feet of roots per acre dasis. Murther

discussion of this sudject will be taken up later in the text,

iffects of Jdoisture, Compaction,

and Aerification on Phosphorus Penctration

Appendix Table XL shows the average pounds per acre of phos=

phorus found in the lower four iach layer of a total six inch layer




various compaction, moisture, and acrification levels in June
1951. che =tatistical analysis for this data ie ;iven in lable ILI
of the appendix. Compaction had no significant sffect on the jene=-
tration of phosphcrus. doisturs nad 3 siznificant effect on Dheg=-
nhorus nsenetration at the five percent lavel., High irrization re-
sulted in the downward novement of chosphorus, irrsspective of the
presence of asrifier holes,

Aerification had a very gignificant effect on phosphorus pene=-
tratvion, primarily due to mechanical =aovement of the superrhasphate
down the aerifier holas, This may have occurred at the iine of
fertilization by the tirsct fall of the fertilizer from the =preader
into the asrifier holus; it may have occurred during the zatting
operation, or it may have occurred thrcouzh the action of ralnwaler or
irrigzation water, Aerification was found to increase the amount of
phosphorus found in the 3}=5 inch soil zone approximately 246.0 percent.
The average increase, due to asrification under the various compaction
levals, was approximately 27.4 nercent, This is shown sraphically in
¥igure 18. igure 17 shows thae iversge percentaze lncreare under the
various moisture lavels to be about 23.5 percent,

Compaction x moisture, asrification x compaction, and aerilication

X moisture 3 compaciion wera all found to be significanwn at the five

percent level,
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Effacte af Jdoisture, CTompaction,

and Aerification on Disease Incidence

Vory little disease was observed on any of the plots during the
summers of 1550 and 1951, There were no serious infestations of large
vrownpatch or dollar spot on the plots at any time. During the winter
of 1950, some snow mold was observed on localized spots whers the
plois had been trampled on while froaen or where the snow had drifted

and persisted for a considerable length of time,




Jhotograph 1 fhotorraph showing soction of zlot following
ac¢rirication. The right hand zide has dcen
aorified three tizes aver. Ihe lufl hand side

has receaived no aerification. .hotograph was

taken immediately following aerification and

vefore fertilization and maiting hae taken

place. rhotograph taken Hay 1, 1791,




B

AT e i yary frg pUe 4 10T
oy

T ~ L g g Sadi 1
n o - | -~ TN — ™y MM

1T 1O Oy 04-4’:.—... INYY o~ o~ 4,) - ¢

1A 17 [ ! u T

..

AR TG




JISCUEE ION

“ffacts of -wolsturas, Compaction, and

aarification on the Total Zercent of

Jermanent “vecias in the Murf Pfopulation

I3 data pragented szhows that apistura and compachion had very
listla inrluence on the percent Hersansnt 2poecias present in 1750
and 151 as compared to the original populazion of permanent species
in 1247 defors any ireatmenta "ad ceen inaugurated. Accordiag o
.'iacson:ks}, Lhe original population on ithese plots consisted of 76
percent psrmanent spscies. ‘he present experimental woric showed U
percent permanent spacies present in 1750 and 75 percent sermanent
species present in 1751, irom a statistical standpoint this is not
a simificant change,

‘he percent permanent 3pecias present in the original turf was
not influenced 2y the dry and as needed moisture treatnenta. The
fieid capacity and saturated wnoisturs trsatments decrsassd alightly
the percent permanent speciss present, [his was undoubtaedly due to

an incresase in weed population, sspecially crabgrass, under the

4 ; . Ll (29
ni:ner asoistures lavels, Contrary to that ‘ound 0oy ‘atzon’ 5) the
U 2 £ ’

reatast reductiion in permanent 2peciee yresent under the various
compaction levels came avout on the 41X and 52X (heavy coapaction)
sloto., !his was due prinmarily o the larzer increaze in ‘otal weed
population on the heavy compactsd plots as compared to the lncresare
in weed population on the lishiter zompacted plots, ‘hers wag 20

change in percent permanent specias jrerent on the no compacted and




light compacted plots,

‘Although asgrification showed no siznificant effect on the percent
psrmanent species present, there wmere indications that aerification did
slightly reduce the percent permanent species present, Hesults show
this was due, at least in part, to the increase in weed populatlon

ander Ipring aerilication. LU awy well vu Wb Wis 3itualion would

not exist ander #3ll agrification,

‘he relatively small changes which occurrsd in the percent permaw-
nent species gresent does not indicate the actual changes in the turf
population, The individual species wers greatly influenced oy the

differont moisturs, compaction, and aerification levels,

Iffects of doisture, Compaciion, and Aerification

on Individual Species of Permanent GCraeses

The unbalanced condition that existed among the permanent specles
(pentgrass, Rentucky oluegrass, red fescue) in l74Y was little cnunged
during the suamers of 1750 and 1951. Awmong the permanent species,
bentgrass continued its complete dominance as shown Dy Iataon(zs).
Under high lavels of irrigation there was an increase in bentgrass at
the expense of the red fascue and Xentucky dluezrass. ‘hese increases
in bentyrass were very ainute as compared to the lacreases shown by
5atson(25), oput it must be pointed out that during the 1747, 1750 and
1991 growing seasons the purcont oentygrass present closely approached

100 percent., Although incrusses in density were still possible (and

probably occurring) there was little possibility for increases in the




sercent centgrass uresant, she rapid growth rate coupled xith it

ability to withstand hizh temperatures whan ziven sufficient noisture
allowed the bentgrass Lo continue jreowth during the not summer zonths
whils Xentucly dluegrass and red fescue remained dormant. This
characteristic of Dentsriass nakes it quits desirable for use on the
irrigatad fairways of our modsrn zoll courses. indeed the resultis of
this investization clearly show that under summer irrigation ratas
high encugzn to zaintain desiracle playing condlitlons dentsrages wil
naturally Secome the dominant species ressnt ia the turt population,
Compaction had no =ffsct on the perzent dentgrass and red {accue
present during 1750 and 17251. Under all compaction levels thers was
approximately the same percent bsatzrass yrasent. “he same was Wwue
for red fescue. (ontucky oluezrase was significantly affectad oy
compaction. HAentucky bluegrass percisted auch bDetler on the heavlsst
compacted plots than it did on the no compacted and light compactad
plots. The original populartion of XLentucky aluoéraas on the no come
pacted plots in 1947 was 11X of the total population. in 1750 and
1751, the Xentucky blusirass population dropped to less than 1% of
the total population. In contrast, on the heavy compacted plots, the
fentucky bluegrass population dropped from an original population of
F4 w 3.56 in 1790 and 4.55 in 1951. A& posaible axplanation lies in
the fact that the Senlgrass was not as vigorous on tha Hvavy come
pacted plots 4s 1t was on the lighter compacted plotis, ind, therefore,
did not offer as auch competition to tha dluagrass under compacted

concditions,
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Aarification had very liitle 2f{ect on the denigrass and red

feecue population. Statistical analysio chowad aerilication %o have

a significant sflact in roducing the Xentucky dluegrasa population,
Ihis statement naust do interpreted with caution., It i3 rsacsonable %o
axpect that aerification itsell d4id not dirsctly reduce the Ientucky
oluugrass gopulaiione < ¥as previousiy poinned 24l e werillcation,
Oy stimulatiag ths development of root systams, incredsed the vigor af
e bentgrass. -pring sorification alse brouzht zoil pluss o the
sursace ¥oizh wars infasted wilh weed jeed and caused an increase in
craggrass popuiation, The reduction in Xentucky dluegrass population,
therefore, was dus primarily to lacrsased competition from the bente

2rasy «nd Crapgrass,

iffects of doisture, Compaction, and

derification on the rercent Clover, Craocrass,

and Total Yeeds Present in “he Turf Population

Clover infastation of tha experimenial arsa during this investi-
gation was julte low. Ihe low clover population undcubtedly can e
atiributed to (1) the nigh fertility level maintained throughout the
investijation and (2) the vigorous ;rowth of the dentgrass, particular=-
Ly on the irrigated plots, & high percentage of clover in a4 turf area
usually ls associated sith low fertilliy, sspecially low aitroagen.

The use of organic nitrogen In this experizent provided available
ailrogen over & long enough puriod of the growing season to maintain
vigorous grass growth. The greatest population of clover was found

on the heavy compacted plots, soisture apparently had no effect on
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the clovser populalion im 1951, although the 1790 Jata vhows a dofinit
inersase in clover population aith Inersasing amoistursa applicatiions,

{25) ,

jataon' nas zhown that, in 1043 and 1757, thora was a signilicant
increaszse in clover population with incr=sasing solisturs content,

1

ihe fleld capacliy and saturated plots had an axtrsnely hish crape

rass infsatation as coaparsd o vhe iry and 12 neaeded Hlotns ia 1350
and 1751. In 1750 there war over two and one Juartar times as mauch
craograze on ‘he high noisture >lots as thers was on *he iow zoisturs
nlots. “he hich aoisture lsvals undoudtedly wsre ideal Ilor the

‘\ . : , et A 20 ) :
zernination of crabgrass fesd, “aison tag reoported that cribe
grass jeramination 1s strongly inhibited Dy compaczion. ‘he 17%0 and
1751 data showed no significant reductions in craograse population
due to compaction, The [{ZX plots did show consideraols reductiicn of
crabgrass in 1250, dbut in 1951 there was only a slight decrease. It
is quite likely that this slight reduction 3f crabgrass on the H2X
plots can be attributed to the injurious affects of the roller uraed
in making the compaction ircatments rather than to congaction itself,
'zatson(zs) has reported thatl the use of the heavy roller crushed or
severaly injurcd the young crabgrass seedling= 2o that they 4id not
develop. <he heavy roller usaed in *his Invastipation deliverad con-
siderably higher pouncs pressure per zjuare inch than did ths snller
used oy .'Ia:con(zs).

Resulte, as indicated In figure L3}, show that the crabgrass pope
ulation was significently influenced dy Spring aerification. ‘nder
any given compaction levsl, whe aeriflied jplots zhowed a much hizher

number of crabgrass plants than iid the ncnederified plots. 'he plugs
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pulled by the ierifier undoubtedly contained crabgrass gseed that =as
buried too deeply to zerminate. ‘he natting operatian broke up these
plugs and distributed the wsed infested soil over the surface af the
area, providing ideal zernmination ccnditions, 7This i3 not only true

~

for crabgrass, dut also for all other weeds. It is highly probadle

that Zoring aerification would not increase the weed population if
darilicatlon »as done e2arly in the Spring when -onditions were not
ideal for weed seed zermination Sut were favoraole for zrass zrowth,
iotal weeds, as considerad in this investization, included
plaintain, dandelion, chicikwead, inotweed, clover, crabgrass, Joa

-

annua, ‘oa *‘rivialis, and any other species of vegeiation present in

the turf other than the three sermanent species already discussed,
Although compaction had no zignificant affect on weed population for
the overall analysis there zas 3 aignificant differunce between the
hedviest compacted plots and the 2o compacted plots. The heavy com=
pacted plots nad & auch hizher weed zopulation than 4id the no come
pacted plots. Cloveor, plaintain, knotweed, and chicikweed populations
were higher on *hes hedvy aompacted than on the 1l ht compacted plots,
Cracgrass populdations were hizner on the no compacted and light come
pacted plots than on the heavy compacted plots, Lhe 1350 data shows
a definite lncrease in weed population with lacreasing noisture. the
1751 data shows the same ‘rend for the dry, as needed, and field
gapacity plots, but there is an unexplainaols drop on the szaturated
plots, aseriZicavion had a tendency %o increase the weed population

on the no coapactsd and lizht compacted plots but reduced the total

weed population on the hsavy compacted plous,
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IfPacts of oisture, “ompaction, ind

Aerilication an o0t <uantitiss and Diszribuzion

Under the higher noizturs leveis (field capaciiy and saturation)
the root system developad »as very shallow, On these jiots over 30
percent of the Wwial roots found in a 3ix inch layer were in the upper
230 inchas »>f this layer, This is in acvroement sith “he Uindings af

s
3) and Yeaver and Slamnts‘zd). Inder low noisturse cone

Sauoemi.roi
ditions roots tend % =alonzate in their search for zoisture, wherseas
thers 1a no necessity for this when abundant or sxcess=ive moisturse
\ia availaola, In addition !0 *he increxsed jercentacse »f total roots
found 2e¢low the two inch laysr on the dry »lots, 1t was also shown in
1951 that there w7as a greater %otal juantiiy of roots under these
olota, It zay oe speculated that under raturatsd conditions thers was
sone loss of roots due %o poor aeration, Feaver and 319monu“26) have
shown that under conditions comparable to saluration, roots will not
alonga~e and some roots already praesent nmay dle f{rom lack of oxywen,
Aish quality *urf requirss zood root aystems, 3leedlozs ‘o say, the
amount and parvicularly the distribution of Iirrigation water i3 one
af the prime essentials in any prograa af {fine tur! aanagcment snere
nigh qualivy tur? is desirad.

the low zotal Juantities of roots fonund on all the plots iy o2e
aAttributed in part ‘0 the clipping ireatment ised throuzhout the ine

( 20
vestiization, Jrsoer‘)) and darrison ) have raported that zloze
¢lipping of wurf reduces the root system af the turf,

The total juantily of roots produced in 1750 and L1751 wers julte

consistent under the various compaction levels, Compaction iid not
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appear *w have any =2ffact on the root distrioution., The deuyree of

amn bt ')

conpgction developed in uLhis Iveatilzation was probably not sulfileisnt

3

%0 cause sa@riour zoll deterioration and subsequsnt rool iisturtances,

he “oial quantiiy o roota found under *he uerifisd plots was

-y

only slighily higher than the total juantiiy of roots found under the

wonederi’ied siots, Under 5,300 2quarae fael of fur? therse was an ine

~

creasge of auproximately 2,25 pounds of rocts [dry matiler) on the
derifled plots, as compared tc the non-derified plota, is aay
avpear as a rather insiznifi-ant amount of roote, but when converied
into aunder of lineal fael or milas of rootz availably for slant
feuding Lt presents 3 quite diifferant plcture. Iy actual neasurament
it wag Jound that one nound o7 Bentgrase reoots {dry astler) contain
suproxiamtaly SL0,476 linesl [aet or 102 ailes, axclusive of root

»

Jaire,. The nelusion of root hairs would incrsasna this fi;ure aany
tines. 3y applying theme neasursment2 Lo lhe data from Lhe serilied
and non-aerifisd plots, it was Cound that thers was approxisately 230
re ailes af roota under 3,X00 square feet of aerifisd turf is ~on=
trasved with 5,200 squarse fset of non-aerified turf, ©On an acre
basig thara would e agproxinataly 2,0 more ailas of rocota due %o
darification. The aoove fi:uras have Jesan caloulatud 2n Lle. dasis of
the *otal quaniity of roots ner ziven ar=a nder all lovala of
soizture and —ompaction, “nder axtreme conditions, such az heavy
compaction and low moisture, 4Yrese diffarancas ire aven ;reater.

This phase of the investijyation warrants further investization to

sotain a 2lsarer view of the axact relationships existing Detween

IEES

aorification and root irowth, If a more adequate nuaver of samples

Wy

L Bt AR ]
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could ve votained, aerification would probably show very significant

effects on the root Juantities and diestribution,

Zffects of doisture, Compaction,

and Aerification on Fhosphorus Penetration

In conducting the phasa of the invastication dealing with pros-
phorus penetration, the J=4" soil zone was of primary concern because
it 1s the nost desirable root fueding zone., rhosphiorus ia alaost
universally considered tu De iamovapie in tne soil. Ihis has already
been pointed out in the roview of literaturs, It is essential, thers-
fors, that we have soma mnechanical means of moving surface applications
¢l phosphorus on established turf into the soil zone where il can dest
be utilized oy the feeding roots,

Raler was fourdd to have & significant effect on phosphorus pene=
wation under conditions of high phosphorus application and excessive
waler applications (fieid capacity and saturation). ihe results
indicate that there wss consideravle movement of phospuacrus downsard
when high amounts of water were appi.ed. [xeersive water will zove
pliosphorus downward Lo the root feeding zone, out the deteriorating
affects of exnersive water on turf quality and soil structure preclude
using it as a nethod uf woving phospnorus. It is neceszary, therefore,
to resor% %o soae nechanical ameans of moving phosphorus applications
into the root feeding zone,

Considerable question has arisen as to the relative merits of
the various aerating devices. dasically, these devices may de divided

into three general classes; those having solid tines (Creens spiker),




those having hollow tines (Soil-iire), and those having spoons
(Sest Point lerifier). In this phase of the investigation there was
little concern regarding the tyve of hole osroduced, inasmuch as the
primary interest was in determining how much phosphorus moves
aechanically down the holes. Lt should be zointed out that there is
resson to delisve that the type hole produced by the aerating device
may be of sxtreme importance when congidering water movement, jaseous
exchanze and other related tovics.

aerification had a very definite effect on phosphorus penetration
in this investigation. The exact means by which the phosphorus
mochanically moved down the Aerifier holes is not known, but it may De
speculated that it may have occurred in three ways. The fertilizer
may have fallen directly from the spreader into the ierifier nole,
it nay have been knocked down the ierifier holes during the matting
operation, or it may have been washed down the Aerifier holes by
rain or irrigation water. In avery instance it was found that there
was more phogphorus in the 3-6" soil zone of the aerified half of the
main plots than there was in the non-aerified half of the main plots,
Under all compaction levels there was an average increase of 27.4 per-
cent zore phosphorus present where aerification had beuen used. Under
all moisture levels thers was an average increase of 23.5 percent
nore phosphorus where acrificstion had been used, #igures 18 and 19
show the effect of aerification on phosphorus penetration under each
moisture and compaction treatament. Under all compaction and noisture
treatments combined, there was an increase of 25.5 percent more

phosphorus on the aeriflied plote,
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it has bewn shown that aerification plays a very important part

in the movement of phosphorus into the rcot feeding zone. On this

oasis alone, the use of the serifier in any program of good turf

sanayement is justiliable.

mm?izﬂwﬂl’!nhp b ahik
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CUSMARY

Obzectivo

The objective of this sxperiment was to determine the direct and
interactiing effects of moisture, compaciion, and aerification on phoe=
phorous penetration, root development, and populaiion changes in a

mixed turf of permanent :rasses,

Location, Turation, and Desizn of “xperiaent

The investigation was carried out on an estaolished turf area on
the campus of the Pennsylvania Ztate College. Sreatments originally

(25) in 1948 were continued, with some modifications,

Degun by “atson
from the Fall of 1949 to the Cpring of 1952. The design of the
experizent was a aodified split plot involving five lavels of compaction,
four levels of moisture, and two levels of aerification in all poseible

combinations, MNaintenance practices used on the area conformed as

nearly as possible to those used on most zodern golf courses,

Svaluation

Compactions [ﬁoil compaction was determined by penetrometer readings
and volume weight deterainations. A hlghly significant correlation ote-
tween the two methods wae established, These determinatlions showed that

neasurable differencee in compaction were produced under the various

compaction treatments. /lhu Jeiger Counter l-ray spectromster was Iound
— 4
to de unreliable for soil compaction determination,




Zoisture: In the fleld, Lark soil tensiometers were usea %o
chock approxizate 2ay to cay molsture lavels on the Uleld capacid;
ard saturated plote, Periodically, absolute soil moisture content
was determined Dy laboraiory testis.

Tur? quality: Several actors were considersd in ceteraining

v v TN
Udlivle

(1) Cecclogical changes in the population of the peraanent
specive {{entucky oluesrass, red escue, Jentgrass, vere
studied by uce orf the inclined point Juadrat awtihod.
invasions ol crabzrass, clover, and other weeds, includiag
Poa 4nnua were recorded. ULlover and other weed de leruing-—
tions were zade Dy use of the inclined point yuadrail
mothod, The percent area of the twtal plots covered by
clover was also zade oy visual agiinates., (rabgrass de=
teralnations were wade by use >f the doubla x line
juadrate
doct juantitias and root digtricution wera considured,
Samplas wers itaken at one iach intarvals Lo a depth of
g1x incnee, washed, oven dried, aud weighed, 7he tolal
Juantity of roots and the distridbution aof iLe rocte ia
the 0-2" roil zona and the J~46" soll zone was determined,

feverity of natural disease infaction was congidersd.

Diseare injury was so slight during the course of the

investigation that no records were taken,

y ¥

Phosphorus ?anctration:'{Esnozr&tion of surface applications of

phosphorus into the 3=5" root faeding zone was siudied. “amples mere
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taken at one inch inzervals to 4 depth of 3ix ilaches and tested for

availabls phosphorus conzent in the laborawr}j\by use of the DJeniyes
%)

y &
Sianoous-leduced hosphomolyixiic clue color =ethod as adapted to

photoelaciric asasuroments.

Results

Compactions Cospaction had no significant effect on the oial
percent permanent zpeeciss present in the turt population, although
there were changes in the proportions of individual species zaking up
the wWwtal population, :his change wasz significant in the case of the
fentucky diuegrass populaion. Un the heavy compactad plots there was
a4 rsater population of oluegrass than on the lijght and no compacted
plots. Clover pepulation was slizhtly higher on the heavy compacted
plots than it was on the other compaction levels, Incresses in come
paction tended to decrease the crabgress population. Compaction
tended %0 increase other weeds, Compaction had no significant effect
on root quantity and root distribution, FPhosphorus penetration was not
influsnced oy compaciion,

Soisture: Under the high mointure lsvels (field capacity and
saturation) thers was a definite ilacresase in the dentgrass population,
increasing acisture tended to decredse ihe gercent permanent species.
present. This was primarily due % an increase in weed population with
increasing soil soisture content. Ihsre ¥as a higzhly significant ine
eresne of crabgrass under the field capacity and saturation moisture
treatnents, High noisture tended to decrease red fescue and fentucky

bluegrase population while increasing oentgrass population. Clover
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also snowed an incrsase under the hlgh zoisture levels. Increasing
amounts of water above [leid capacily nad a detrimental 3ffact on the
total quantity of roote produced. The highest total quantity of roots
was found under the dry and As Needed moisture levels, Root disiri-
pution was signiflicantly affected oy moisture., AL the low moisturse
rates a greater percentaze of the total roots were found in the 3-4"
soil zone than on the field capacity and saturated plots, Joisture
was also found to have a 3izniflicant arfact on the downward movement
of phospnorous, dud Inly under zhe {ield capacity and saiurated cone
dilions,

aerifications CZpring asrification significantly decrsased ths
fantuclky bluegrass population on the heavy compacted plots, Aerification
had no signilicant ¢ffact cn the seat,grass and rod fa2scue population.
Thers was a trand towards a decreage in jercent perzanent species on
the aerifled plots. Jhis may se actributed to the high increage in
waeds following Spring asrification., Aerification incredesed the
clover population under the lower moisture levels, but not under the
hizher moisture lavels. Although aerification showed no significant
sffect on roots, there was a trend towards increuased root systems due
to aerification., It is felt that with more adequato sampling, definite
differsnces could be obtainad on the aerified and none-aerified plots,
fhosphorous penetratlon was sijnificantly inflluenced by aerification.
It was shown that aerification resulted in considerable dowrmard

sschanical movement of phosphorous,

Interactionss Ihe intsraction of moisture x coapaction was
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found to have a significant effect on the Xentucky bluegrass popu=-

lation in 1950. This interaction had no sffect on Kentucky bluegrass
population in 1751. The interactions of compaction x moisture, aeri-
fication x compaction, and aerification x moisture x compaction had a
significant affact on the pounds per acre of phosphorus found in the

lower four inches of a total six inch layer. No other intsractions

were found to be significant,

Conclusions
The following conclusions may bDe drawn from the results obtained
in this investigation.

’ 1. dolsture and aerification treatments exerted zreater influence

on turf quality during the investization than did compaction
treatments,
2. The use of supplemental irrigation on a turf containing
bentgrass will favor the development of the bentgrass at
the expense of the red fescue and Kentucky bluegrass,
: 3. Spring aerification will significantly aid in the dowrmard
movement of superphosphate applications applied on the
surface at the time of aerirication,
; L. Excessive use of supplemental irrigation will result in
‘v shallow rooted turf.
Se. Turf containing a high percentage of bentgrass requires some

supplemental irrigation over the growing season in order to

naintain desirable playing conditions,




7.

?e

Spring aerification, if done at a tine when conditions
are ideal for weed seed zeraination, will increaze the
wosd population, especially crabgrass, in <4n ggtablished
turf,

Exce=sive use of supplemental irrigation will increase
the crabgrass population in an established turf,
Surface applications of superphosphate nay move dowmmard
urkier excessive watering,

the dry plots were unsuitaocle for play over most of the

growing season,
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¢ Table I Average percent of total species that ig permanent species
at the various moisture and comvaction levels, 1950,
Compaction Levels

doisture =
Levels No LtlX Lt2X HLA 14X x
ory 79 1C0 28 37 76 76.0
AN 77 26 7 38 97 75.0
#.Ce 38 37 98 92 83 3.8
x 76 .7 6.5 772 38.2 39.7

Statistical Zata
Source DeFe el e Fe LeSeD
05 01

Compaction L 230.25 2.08

Replications 2 314.50

Error A 3 110.87

doisture 3 103.00 197

Error 3 4 52.16

Compaction Xx
doisture 12 38.42 1.27

irror 31 24 30.21
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Table III Percentags of total speclies that is permanent species at

the various compaction, moisture, and aerification lovels,

1351,

source

Compaction
deplications
irror A
doisture
Zrror 8

Compaction x
doisture

& ol
rro 1
Aerification

frror C

Aerification
x Compaction

Aerification
X doizwure

Aerification
X doisture
x Compaction

Zrror Cl

»n

&

12

38

Statistical Zata

A

126,00
3L3.50
77.12
69.33
137.56

30.50
L3.29
5.w

53.00

5.75

7.23

42.75
36.18

. L&D,
05 «J1

1.53

0.50

0.10




Table IV

doisture
Lavels

Seurce

Compaction
Heplications
Error 4
d@oisture
grror 3

Compaction x
doisture

irror 31

Average percent of tolal spocies that 18 weeds at the

various compaction and aoisturs levals, 1350.

Compaction .evels

No LtlX Ltex
1 Q 2
3 in 3
2 3 2
7 1 I
3.2 3.5 2.7

Statistical Cata

D.7. H.8.

L 230.25%
2 3i4.50
) 110.37
3 103.00
[ 52.17
12 38.42
2k 30,21

2.08

1.97

1.27

39

12X X

b 4D

3 50
17 5.4
17 12.2
12.5

La8.D,
s -JR o) §
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Table VI Percentage of permanent species that is weeds at the

various compaction, moisture, and aerificavion levels,

1951,

Statistical Cata

Hovio

Compaction

Replications
Zrror A
dolsture
crroxr 3

Compaction x
Jdoisture

rrror Bl
Agrification
Zrror C

Agrification
x Compaction

Aerification
X doisture

Aerification
x doisture
x Conmpaction

Zrror C1




Table VII

Yoisture
Levels
Dry
AN,
Fole

Sat.

i

Jource

Compaction
Replications
Error A
dolisture
Zrror 3

Compaction x
4doisture

Average percentage of per=manent speclee that is

bentgrass at the variocus compaction and molsture

lovels, 1350,

Jo

85
L
98

1.5

D.F,

12

irror 31 2h

Lt

8k
95
4
95
92

Compaction Levels

1=

0

Lw2X

83
89
7
99
92.0

HlX

78
71
Ik
9
0.5

Statistical Tata

i3,

178.00

43.37
562.33
223.00

35.08
26.08

T,

0013

2.;2

1.3h

421

85
39
1
29
91.0

LeSeDe

005

01

H®i

33.3
39.8
4.0
78.0
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Table IX

various compaction, moisturs, and aerification levels,

1751,

Zource

Compaction
deplications
irror A
“oisturse
Zyror 3

Compaction x
doisture

B 3
rror 1

Aerification
mrror C

Aerification
x Compaction

Aerification
x doisture

Aerification
X doisture
x Compactiaon

arror Cl

o W

» B K

L)

38

Statistical Data

7.00

- v

= |

rercentage of permanaent specica that ig dentgrass at the

‘e b SR Tt )

.35

Q.74

1.08

0.07

01
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Table X Average percentage of permanent species that is
Kentucky bluegrass at the various compaction and

moisture levels, 1950,

Compaction Levels

doisture -
Lavals No LtlX Lt2X HIX H2X X
ory 0 Q 2 L 4 2.0
AN, Q 1 9] 3 i 1.5
Folo 0 1 1 5 5 2.4
Sate 0 Q 5 & %) 0 0.2
x 0.0 0.5 1.0 3.0 3.2
Statistical Data
Source oo M.S, Fe L.SDe
.05 01
Compaction 4 23,81 .72 »% 1,18 2.13
Replications 2 5.35
Error A 8 2.45
Mois=ture 3 13,17 1:13
Srror 3 ) 11.67
Compaction x
doisture 12 4.56 3.28 == 2,81 3.30

Error B3 2l 1.39
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Table XII Fercentage of permanent species that is f{entucky bluegrass
at the various compaction, moisture, and aerification

levels, 1951,

Statistical Data

Sourcs D.Te 4.8, K L2843,
05 W01

Compaction 4 43.56 Ly » 1,87

Replications 2 33.23

Error A ! 7.78

doisture 3 52.60 3.92

Error 3 6 13.34

Compaction x

Aoisture 12 9.98
Error By 2l 10.09
Aerification 1 13.34 53.00 » 0.19
Error C 2 0.23
Aerification

x Compaction L 6.02
Aerification

X Joisture 3 4.82
Aerification

x doisture

x Compaction 12 5.05

Error Gy 38 3.37



sisture
“2VOLS

Ory

Ad.
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cat,

Ll

Source

Compaction
Replications
Error A
doisture
Zyror 3

Compaction x
Aaisture

Error Bl

fescue &t the various =oisture and ccmpacticn levels,

Yo

15

3.0

D.7.

@ W

12

2k

Compa

Stati

y @
eV e

1»0-50
226.50
32.25

L81.56

172.50

31.33
21.33

Avarage percentagze of sermanent species that is rod

ction Levels

LteX H1X
15 13
11l 5
2 1
0 1
7.0 6.5
stical Data
F.
Q.32
2.79
1.46

qA2X x

12 Ui
) 11.0
b 3.4
3 5 1.5
6.2

L.: .D.

.05 01
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Table XV Percentaye permanent speciss that 1s red fescue at the

various compaction, molsture, and aerification lovals,

1951,
Statistical Cata
Zource Deie e PR £ lsglelle
05 01

Compaction u 16.72 0.58
Replications 2 133.56
grror A 38 27 .02
doisture 3 173.34 Q.34
Zrror 8 5 229.27
Compaction x

doisture 12 19.95
Error By 2L 18,00
Aerification 1 4.30 0.36
irror G 2 357
Aerification

x Compaction 4 10.11
Aerification

x dolsture 3 13.62
Aerification

X Hoisture

x Compaction 12 6.07
Zrror C1 38 7.13




clover at the various

Avcrage percentase of

levels, 1750,

Table VI

Listure
Levels J0
Cry Jed
A.J. :).J
Felo lo3
Sat, Q.3
= 0.7

Source D.7,

Compaction 4

Heplications 2

Error A 8
40isture 3
Error 3 A

Compaction x
~oisture 12

Zrror 51 2l

Ll

Je3
2.5

1.1

075

wtal plot area coversd dy

Compaction Levels

2.6
i.d
2.3
3.6

1.95

Statistical

#.3

115.57
231.3%
85.50
L .09
7.12

22.7L4
22.63

Data

F.

1.35

0.57

1.01

;‘.SOD.

05

«01

compdction and moisturs

wi
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Table XVIII Percentage of total plot area cover=zd by clover at the
various compaction, moisturs, and aerification lovels,

July 19S1.

Statistical Jata

sourt:. 10-'.0 io-:o ?o iag Qa-)o
25 =9 §
Compaction L 6.98 3.02
ileplications 2 13.17
Zrror A 3 2.32
doisture 3 1.97 1.45
Zrror 3 é 1.36
Compaction x
doiature 12 6.51‘ 2.3? » 3.96
irror 3y 24 2.76
derification ) & 23.42 5,06
Zrror C 2 © 3.86
aerification
x Compaction 4 Tl
Aerification
X doisture 3 A.db
aorification
X <4oisture
x Jompaction 12 k.32




Table XIX

doisture
wavalsa

Dry

Source

Jrror A
doisturs

Irror 3

Zrror 31

[ =4

.J

b4

Compaction

Replications

w oo N

O

Compaction x
doisture

Compaction Levels

’-J

0.5

Ala

O

Statistical Data

4.3,

117.51
Th.31
37.05
28.u2

22.2%

18.43
18.53

3.17

1.28

0.79

Avarage percantage of total species that iz slover

at the various compaction and wwoisture levels, 1950.

H2a

LedteDe

<05
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Table X1 Percentage of total especies that if clover at the
various compaction, woicture, and aerification lsvels,
19%1.
Statistical Data
Jeurce eV 1.:. Yo ;o- -:-
.05 I\‘Jl
Compaction i T3 0.76
Zeplications 2 98,26
LITOY A 3 7.?2
dol=ture 3 12,01 2.40
Zrror 3 ) 5.00
Compaction x
doisture 12 21.13
frror 3y 2L 10.13
Aerilication 1 L8.14 1.78
grror C 2 27.10
Aerification
x Compaction ly 8.36
derification
x doistura 3 2.82
Aarification
x Jdoisture
x Compaction 12 L4.72
Zrror Cy 38 .66




Table IXII

aolsture
Lavelis

Source

Comp&ction
deplications
Error A
doisture
irror 3

Compaction x
dolature

Error 3
1

Average number of crabgrass plante occurring under

line diagonals at the various coampaction and moiste

ure levels, 1750.

22
27
L3

40.7

D.F.

12
2L

LtlX

13
i3
L3

31.7

Compaction Levels

Lt2x

19
28
L9
57
38.2

Statistical Data

.5,

1059
7512

L579

102

231
271

q1X H2X x
48 5 21.6
29 3 21.0
48 33 48.2
L9 50 56 .0
4.5 24.2
Fe L.3.D.

-05 .01
0.73

m.39 " 9.w )'%

0.35
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Taole XAIV Averags nuaber of crapgzrass plants ocouring under line
dispgonals at the varicus compaction, molisture, and

asrificatioa levels, 1751.

Statistical lCata

Sourc. ’3.3‘0 ‘o:o Fe ;lo:' 930
«C5 01
Coapaction L 27.50 D.32
iteplications 2 53.20
rror & 3 6l 62
Yoisture 3 L02.56 1.5
wrror 3 6 277.56
Compaction x
#oisture 12 il 425
Zrror 3y 2L 50.57
Error C 2 2.50
Aerification
x Compsaction L 13.00
Aerification
x idoisture 3 Ll 57
Aerification
X oisture
x Compaction 12 .50
Zrror C} 38 21.20
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Table XXV  average percentage difference in bentgrase population

&t the various compaction and scisturs levels, 1950

to 1951.
Compaction Levels

doisture %
Levals o LtiX Lt2X H1X 42X x
Dry +3» +12 +9 +15 “y +9.6
AN, +5 0 +2 + 2 +5 +3,0
£l 2y +6 +3 + 5 +6 +5.4
Sat. +l +5 +1 + 1 -2 %t +1.2
x 45.0  45.7 +3.7 + 6,0 +3.5

Table XXVI Average percentage difference in Xentucky dluegrass
population at the varlious compaction and a0isture
levels, 1350 to 1951,

Compaction Levels

doisture 1
Levels Ho LilX Lt2X H1X H24 p 3
ory +1 0 +3 +1 +S +2.0
AN, *2 0 0 -3 +1 0
?.C, o} -1 9 -5 -3 -1.3
Jat, 0 0 -1 0 +2 0.2

x 0.7  =0.2 0.5 ~i.7 +1.2

# + sign denotes increase in 1951 over 1750.

&8 - sign denotes decrease in 1951 over 1950,




Table IIVII

doisture
Leval

Taple XXVIII

doisture
Levels

Dry
A.N,
y.C.

Sat,

Ll

Average percentage difference in red fescue pop-

ulation at the various compaction and moisture

levels, 1950 to 1751,

Average percentage difference in percent total
species that 1o permanent species at the various

moisture and compaction laevels, 1950 to 1951,

No

-1

+0.5

Compaction Levels

X

Lt2X

HIX

-1
-2‘7

Compaction Levels

LtlX
-1

Lt2X
+1
-2
-3
+1

0.7

HIX
=3
“
0
+10

*2.7

=10
-8
-1
-1

- 5.0

H2X

M|

-1003
-2.8

- 1.5

M

3.5
+0.4
-0.2
+5.6




Taple XXX

1o}stu?o
Levels
Dry
A4,
Rele
Sat,

x

e ]

Table XXX

Moisture
Levels

Dry
AN,
F.Ce

Sat,

M

112

Averaze percentage difference in wecd population at

the various compaction and moisture leveis, 1950 to

1951.
Compaction Levels

do LX Lt2X nx 42y x

o 01 —1 *3 0 ‘0.6
+3 -3 +2 -l 0 =04
+1 +3 +3 0 -5 +0.2
.6 ‘2 -l -lo '9 -;-_5
-O.S "0.2 ’0-7 "2-7 ‘307

Average percentage difference in clover population at
the various compaction and moisture levels, 1950 to

1951.

Compaction Levelas

o Ltlx Lt2x HLX H2X =
-1 0 0 0 -2 ~0.6
+5 ol »2 -5 -3 0
0 0 s sl -1 40,2
-1 -1 +3 -7 -7 -3.0
«0.7 0 +1.5 -2.7 -3.7




113

Table XiXI Average grams of oven dry roots oresant in soil ~ores

one and fiveeaignths inches in diameter to a dapth of

six inches at the various compaction and moisture

levels, September 1750,

z0listure
wevels No
Aliile JeT31
Focc 00363
Sat, 0.569
x 0.333
Source Do?o

Compaction N

Replications 2

Error A 3
doisture 3
irror B )
Compaction x

doistare 12

irror By 24

Compaction Levels

Lt1X Lex

V.53  0.350
0.369  0.395
0.556  0.395
0.455  0.560

2.303 04550

0.7€9

J.512

Statistical Data

dede

0.025
0.250
0.057
0.163
0.0u45

Q.%O
0.0%6

7.

0.hl

3 062

1.07

T

-~

.05

eSeDe

01

i

0.8268
0.485
0.403

0.521




Mo €210 €2¢€°0  S9tt0 04E°0 TEE O wuno ™Mo s2t*n0  glEto x
$2€*0 2€°0 €92°0 Lz22°0  IM0 €0 20 T ) 292°0 052°0 €E€°0 *a=3
62¢°0  ELE'O0 SONO  SET°0  LILT'O Jof€fo LMECO 220 sTro 0620 €€€°0 54
g6L°0  IgT7°0 SENC0  lE€°0  0SE°O LESt0 L0 270 o9°0 g2€°0 2070 ‘ny
o1s°0  €29°0 €£19°0 SE€S°0 260 Zisto goe 0 2nsT0 R6S°0 €70 ST £y

x you  xzm XTH XTH 21 X231 vy XY on on WA

“Iny *J09 a9y o= - 17 *39y e.myeToN

S/ UOTIROTITIAY puUm woy)owdmon

*TSET ‘sTaasY wotied

~t1JTxaw pur ‘amysyom ‘nopiomdwod anotaea ey 3w BYOUT XY Jo yidep w 0y Jmjemerp

ay $9ouy FYIURTe-2ATI puw oto @ntnn Trog uy 1usseld gyoox LIp usao Jo sweld aMeIsay  TTYYX #Tawl




Table XZXIII

Source

Compaction
Aeplications
iZrror A
doisture

arror

Compaction x
Hoisture

Zrror 81
Asrification
Zrror C

Aerification

x Compaction

Aerification
X dpisture

Aerification
x ¥oisture

x Compaction

Error Cl

115

Grams of oven dry roots present in soil cores one

and five-eighthe inches in diameter to a depth of

six inches at the various compaction, moisturo,

and asrification levels, Septemoer 1951.

(o

h W N

&

2y

12
38

*x

Statistical "Cata

dele

0.067

0.89%

0.036

0.223
0.062

0.019

0.027

0,015

0.012

0.003

0.017

0,013

?. L.S.DQ
05 01

1.36

3.80

0
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Taola RXAXIV averass porcealage roots in uppar two inch layer or

a %ial six lach layor at tha various coapaction and

aoisture levels, Jepntemoer 1350,

Compaction Lavels

foisture -
Lavels Jo Luix LTR 454 42X x
Dry 78 17 80 83 30 7946
Ao, 74 Th 91 38 76 30.0
Falo 30 16 73 6 62 134
sSat, 75 39 36 33 36 33.3
x 76.7  19.0 32.5 8245 76.0

Statistical Data
Source D% 4.5, ie ReeDs
.05 01

Compaction L 72.75 1.2

Replications 2 L5C.00

Irror A 3 év.12

dYoisture 3 262.33 2.49

Brror 3 6 10%.33

Compaction x
dolsture 12 106.08 1.45

Error By 2L [3.29
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Table XXXVI Percentage roote in upper two inch layer of a total
2ix inch layer at the various compaction, moisturs,

and aerification levelsz, Ceptomber 1351,

Statisticsl Data

Source Do 4.5, £e Lot alln
~o =8 )
Compaction 4 26,75 Q.45
Replications 2 $i1 .50
Irror A 3 50.00
doisture 3 1859.57 17.46 #» A,533 9,36
Zrror 3 5 106.30
Compaction x
doisture 12 g2.42
irror Bl 24 70.62
Aerification 1 28.00 0.l
Zrror C 2 71.50
| Aerification
3 x Compaction N 87.25
| Aerification
; x doisture 3 50.13
: Aerification
g X dolsture
| x Compaction 12 70.17

irror Cy 18 58.30




|
|
|

Table IXXVII

doisture
Levels

Source

Compaction
Replications
Error A
doisture
Srror 3

Compaction x
doisture

Error 81

Average percentagse roots in lower four inch layer

of a total six inch layer at the various compaction

and moisure levels, September 1950,

Ho

22
26
20
25
23.2

(= S ¥

K

LtlX

23
26

21.0

Compaction Levels

L2l

20
9
27
IN
175

H1X 2%
17 20
12 2L
24 33
17 s
17.5 24.0

Statistical Data

M.S,

72.75
450.00
65.12
262.33
105.33

106,08

73.29

¥ LeS.De
05

1.12

2.49

1.45

Ll

20.4
19.4
26.5

15,2
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Parcentage reoots in lower four inch layer of total
six inch layer at the various compaciion, moisture,

and aerification lavels, Zaptamcer 1951,

Statistical Cata

':".'.’. -’.:‘. ‘..‘. L.:.D.
.05 o)}

Compaction L 26.75 Q.45
Replications 2 Sul.50
Zrror A 3 50.00
doisture 3 1359 .67 17.46 »= 65,51 3.86
Zrror 3 8 106.50
Compaction x

doisture 12 52.42
Zyror Bl 24 70.62
agrification 1 38.00 0.1
Zrror C 2 91.50
Aerification

x Compaction L 67.25
Aerification

X 4oisture 3 50.33
aaerification

X doiszture

x Compaction 12 70.17
grror Gy 38 58.60
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Table XLI

layer of a total six inch layer at the various

compaction, moisture, and aerification levels, June 1951,

Source

Compaction
Replications
Srror A
dcisture
Zrror 3

Compaction x
doisture

Zrror Bl
agrification
arror C

hAerification
x Compaction

Aerification
X dol=ture

Aerification
x doisture
x Compaction

Zrror 31

Pounds per acre of phosphorus in the lower four inch

Statistical Data

D.F. $£.8.
L 75L9

14558

8 2352

: 30401

6 5152

12 25471
2k 5280
1 39060

2 1515

L LL73

3 359

12 LLé
38 1L36

123

®. L.S.D.
.05 01
3.21
Se70 *# L5.3L
.32 #uw
25.76 =» 31.97
3.01 »
6,36 ww
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laple ILII Analyesis of variance for jenetrometer and volume
o4 £

weisht data, aerification smitted, 1951.

Penetroaeter Volume Teizhts
Zource D.2, deda 45 dele 7.
Compaction 1 3.470 231.33 =+  1.u4L0O 1Ll .00 #n
Heplications 2 0.060 0.270
Iirror A 2 0.015 0.210
doisture 3 0.037 2.13 0.010 0.07
Yrror 3 ) 0.V17 9.1L0
Compaction x

doisture 3 9.0ué Sell » 0.030 0.75
irror 51 b J.090 0.0L0
Leldede LeSeDe

.05 .01 .05 01

Compaction 0.21 0.50 0.18 0.l

Compaction x
doisture 0.50
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Tanle X1V Psnetrcometer penelration (inches) at the various

compuctlon, woisture, and zerificazion levels, 1951,

Statistical Cata

Source D7 4,35, Fe LeSeDe
05 .01

Compaction L 1.04 h.56 w» 009 016

Heplications 2 1.0

irror A 2 0.03

doisture 3 0.07 0435

irror 3 5 C.20

Conpaciion x

doisture 12 0,07
Zrror 31 24 0.10
Aarification 1 2.75 22.9 =» 0.27
Error C 2 0.12
Aerification

x Compaction i 0.20
sgrification

X 4oisture 3 0.0k
agrification

x doisturs

x Compaction 12 0.03




