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ABSTRACT

Most turfgrass areas are subjected to some degree of traffic
resulting in wear and compaction placing stress on the plant. Along
with physical abrasion caused by wear, traffic causes compaction which
presses soll particles together altering soil physical parameters., With
a constant force, the degres of compaction is a function of scil water
content, Maximum compaction occurs at some time after the large soil pores
start to drain,

Five treatments were applied to a 2.5 year old tall fescue (Festuca
arundinacea Schreb. 'Kentucky 31') stand on a Chase silty clay loanm.
A one-time compaction treatment of 35 passes with a water filled, smooth,
power roller exerting 1,0 kg/cm2 static pressure, was applied to 2 soil
with four soil moisture levels. 3Scil moisture treatments were established
by irrigzating the area until water was standing and then applying the com—-
paction treatment 0, &%, 24, and 72 hours after the standing water condition,
respectively. The fifth treatment was a non-compacted check. The effects
of treatments on soil physical factors and plant growth were monitored.
The study took place from 3 May to 11 July 1979.

Cf the compacted treatments, bulk density was 1.41 g/c-.m3 for the
24-hour treatment and 1,31 g/'c:m3 for both the O-hour treatment and the
check, Aeration poresity at -0.1 bar matric potential was reduced by

20% for the soil compacted at saturation compared to the check., After



& weeks, differences in moisture retention were not evident.

Two and six weeks after treatment date, visual ratings were recduced
in all compacted plots. The 4 weeks between ratings had high temperatures
and no rain. A correlation coefficient of 0.82 occured btetween visual
quality and aeration porosity at -0,1 tar matric potential. No differences
at alpha = ,10 were found between treatments for verdure and shoot den-
sity. Four weeks after treatment, root weights at the 0-10 cm level
were reduced by 617 in the saturated treatment comparsd to the uncom-
pacted check,

Total nonstructural carbohydrates (TNC) levels 4 weeks after compacticn,
were higher than the check for the C, 4, and 24-hour treatments indicating
a slower growth rate. All treatments showed a steady increase in TNC
except for the 24-hour treatment which showed a 35% decrease in TNC level
7 weeks after compaction. 3By 9 weeks after compacticn, all treatments
exhlbited similar TNC levels,

Additional index words: Tall fescue, soil moisture content, compac-

tion, zrass. /g7q

Most turfgrass areas are subjected to scme degree of traffic which
is a stress on the turfgrass plant, Zven routine maintenance practices.
such as mowing, impose traffic stresses. Recreational turfs are often
subjected to heavy traffic when envircnmental and soil conditions are
unfavorable, As a result, the turf stand may deteriorate.

The two major trarffic related problems are wear and soil compaction.
fear is the injuricus 2ffects of concentrated traffic on a turf due to
physical abrasion and tearing (1). Compaction is the pressing together of
soil particles intec 2 more dense soil mass (1,7). 3Soil compaction in-
fluences air, water, and socil strength factors, These paramenters in turn

affect growth and persistance of the turf.



With a constant applied force, there is an optimum moisture con-
tent at which soil compacts to the greatest extent (&#). Due to the
imcompressability of water, in a saturated soil maximum compaction will
occur at some point after the larger pores start to drain and fill with
air, At that time, water will act as a lubricant allowing soil parti-
cles to pack closer together (7).

Due to the stresses imposed on the turfszrass plant from compaction,
it 1s important for the turfzrass manager to restrict traffic on exces-
sively wet turfs. Knowledge of the resultant effects on the turfzrass
rlant may provide the turfzrass manager with a better Gtasis for control-
ling use of a turf area when unfavorable soil conditions are present,

The objective of this study was to observe the effects of intense,

short-term traffic on soil physical properties and turfzrass growth.

MATERIALS AND M=THCDS
To observe the effects of heavy traffic on an established turf at
different soil moisture levels, five treatments were applied to a2 2,5

year old tall fescue (Festuca arundinacea 3Schreb,, 'Kentucky 31') stand.

The soil was a Chase silty clay lcam of the fine, montmorillonitic,
mesic Aquic Arguidolls at the Kansas State Univeristy Turf Research Plots
in ¥anhattan, Kansas. The study took place frem 3 May to 11 July 1979.
Bach plot measured 2.4% X 1.13 m and was seperated by .61 m alleys.
Experimental design was completely randomized with three replications
for each treatment.

All compaction treatments were initlated on 3 Hay. Four of the
treatments were compacted at:i0 (saturation); & (partially saturated); 24
(field capacity); and 72 (below field capacity) hours after irrigating the

total area to a standing water condition., The fifth treatment received

L)



no compaction and served as a check,

All compaction treatments were applied by using 35 passes per area
with a water filled, smooth power roller. 3Static pressure was 1,0 kg/cmz.
Soil samples, three from each ploi, were itaken immediately before
each compactlon tireatment to determine soil water content for each mois-
ture level treatment. Soil moisture contents for all samples were deter-

mined gravemetrically. (Table 1),

Normal mowing practices with a three-gang self-propelled reel mower
were continued., Two weeks prior to treatment, all plots received 0.48
kg N/100 m°. No irrigation was applied, while rainfall over the period
of the study totaled 16.2 cm.

Three undisturbed soil cores (5.4 cm I.D. X 3 cm) per plot, were
taken 2 and € weeks after the last treatment. These cores were used
to determine bulk density (2), perosity (12), and moisture retention (9).

Samples for percent total nonstructural cartohydrates (TNC), were taken
from each plot before 10 aum. with a 5.7 cm I.D. plugger. Live shoot
tissue was excised from the plugs, combined, and dried at 100°C for 1
hour, then £0°C for 24 hours. TNC was determined with Dreywood's anthrone
reagent (8).

Verdure (6) and shoot density were determined at the same time as the
second and third TNC samples. Shoot density was obtained by removing iwo
5.7 cm I,D, plugs from each plot and counting the number of actively
erowing shoots.

Root weight samples were taken £ and § weeks after the last treatment
witﬁ four cores (2 em I.D. X 20 cm) per plot., Samples from each plot were

combined, washed, dried at &C'C for 24 hours and weighed.



RESULTS AND DISCUSSION
Soil Physical Properties

Molsture content at treatment. Based on the molsture retention curve

for the uncompacted check, moisture retention at the time of compaction
were -0.07, -0,09, -0.16, and -2.0 bar matric potential for the 0, 4, 24,
and 72-hour treatments, restvectively. While the saturation (O-hour) treat-
ment was apparently not saturated to a depth of 3 cm, the surface was sat-
urated as evidenced by standing water. This trestment also exhibited the
lowest bulk density for all compacted treatments. (Table 1),

‘V Zulk density. Harris (4) and Madison (7) noted that the degree of
compaction, as expressed by tulk density, was a function of moisture con-
tent at a constant pressure., Naximum compaction occurs near field capacity
when alr filled pores can be compressed and sufficlent moisture acts as a
lubricant, This trend was apparent with the greatest increase in bulk
density occuring at the 24-hour treatment followed by the 72, &, and O-hour
treatments, (Table 1). Bulk densities were 1.31 and 1.41 g/cm3 for the

check and 24-hour treatment, respectively.

Porogity and moisture retention. Compactlon may alter the pore-size

distribution of a soil. As a result zeration and moisture relationships
are affected (13). When compaction was applied to the saturated soll, re-
ductions of 3.7% in tctal porosity (Table 2) and 20% in aeration at -0.1
tar (Table 1) compared to the check were observed,

Hillel (5) noted that soil structure affects the soil noisture
characteristic curve in the low-suction range and that cempaction de-
creases total porosity arnd the large interagzregate pores. The reduc-
tion of aeration porosity of the compacted saturated soil indicates that
porosity was affected by changes in soil structure,

Moisture rentention for the 0O-hour treatment was lower than the



check at the 0 tar matric potential on 20 May. The saturated treatment
also showed a higher moisture retention at -1,0 bar than the check. (Table 2),
The decrease at the O btar with an increase at -1,0 bar matric potential
indicates a change in pore-size distributien.

Plant Growth

Visual ratings., Prior to compaction, all plots demonstrated similar

visual quality, (Table 3). Two weeks after treatment, compacted plots
exhibited decreased visual quality, particularly the O-hour treatment.
Part of the reduction in quality for the O-hour plots was due to mud col-
lected on the leaves after the power roller treatment.

During the first half of June, weather conditlons were molst with
generally moderated temperatures favorable for tall fescue growth. Similar
visual quality ratings were ncted for this period., 3y 20 June, after a
week of high temperatures, visual quality differences were apparent., Plots
receiving the 0, 4, and 24-hour treatments demonstrated reduced quality,

Verdure and shoot density. No differences bhetween treatments at either

sampling date were evident for verdure and shoot density.(Table 4), Thase
are often related to visual quality which is based on shoot density, color
ard uniformity. However, in thils study, they were not related as correla-
tion coefficeints were 0.34, 0.17, and 0.37 for quality-density, quality-
verdure, and density-verdure relationships, respectively. Turf quality was
a goed indicator of compaction effects as illustrated by a correlation coef-
ficient of C.82 for quality versus aeration poreosity at -0.1 bar.

Root weights. A%t 4 weeks after compaction, root density at the 0-10 cm

level for the O-hour treatment was only €17 of the uncompacted check.
(Tatle 5). E=ven though differences were not siznificant, the turf in the
2, 24, and 72-hour treatments exhibited a trend of decrsased rooting. 3Zy

10 weeks, no significant differences in root density were evident among



treatments,

Tall fescue is a cool season grass which exhibits root growth pri-
marily in the spring and fall. Restriction of new root initilation in
the spring by compaction could result in a shallow root system during the
hot summer months when drought stress is severe,

Other investigators have noted that a relationship exists between
degree of compaction, aeraticn perosity, tulk density and root growth (3,
10,11,14), However, correlation analyses were not given indicating the
degree of correlation and significance among thses parameters. Correlation
analysis revealed correlations of 0.70 and -0.46 for aeration porosity at
-1.0 tar matric potential and btulk density versus root density at the 0-10
cm level, respectively.

Total nonstructural cartohvdrates, TNC levels are an indicator of re-

serve carbohydrates necessary for regrowth and recovery should the turf
be injured by environmental stresses, pests, or human activities. Also,
carbohydrate reserves are utilized by the plant for growth. TNC levels
are normally highest during periods of limited shoot growth-(1).

At 4 weeks after compaction (£ June), the 0, 4, and 24-hour ireatments
exhibited higher TNC leveldls than the check., (Table €). Possibly this was
due to a slower growth rate, which would result in increased storage of
carbohydrates (1).

From & June until 20 June, TNC levels increased, except for the 24-hour
treatment which had a 35% decrease., The reason for this was not apparent
from the data in this study. By 9 July TNC levels were similar for all

plots,



CONCLUSION

Many recreational turf stands are subjected to repeated, heavy traffic,
In this study intense traffic was applied only for a short pericd and wear
was minimized. Thus,much greater influence on soil physical properties and
turf growth would be expected under normal recreational use, This study
does 1llustrate that turf sites receiving heavy traffic for short periods
are adversely affected. The degree of influence on soil physical para-
meters and turf growth was related to soil molsture content at the time of
compaction, Detrimental responses were most evident at the saturated (O-
hour) treatment and the field capactiy (24-hour) treatment, Turf deteri-

oration from these itreatments were still evident G weeks after compaction.
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Tatle 1. Water content at treatment, bulk density, and aeration porosity

Moisture content

Aeration porosity

0.10 level of probatility using Duncan's Multiple Range Test.

_ " Seil at treatment

moisture Bulk density -0.10 bar =033 bar
treatment % matric

by time by vol. potent,.20May 20June 20May 20June 20May 20June

bar -——-gm/bm3 z

O-hour 46.2&’ =07 1.33ab 1.31c  16.1b 18.4a 19.2b 23.2b

(saturation)

L4-hour 42,66 -.09 1.35a2 1.34bc 19.0a 21,72 22.5a 26.9a
(part. sat.)

24—ﬁour L0, 0c =-,12 1,352 1.41a 18.8a2 19.8a2 22.4a 24.42b
(field cap.)

72-hour 31.9¢ -2.00 1.34a 1.,37ab 19.42 21.9a 23.1a 26.5ab
(velow f.c.)

Check . _ 1.28ab 1.31c¢ 20.3a 21.5a 24.0a 25,1labd
(uncompacted)

#*Numbers within columns not followed by the same letter differ at the



Table 2.

Moisture retention by volume,

12

Percent water content by volume at four matric potentials

0 bar -0,10 bar =0.33 bar -1.0 bar
Treatment 20May 20June 20May 20June 20May 20June 20May 20June
3
O-hour 59.2b* 62,02 43,12 43,62 L40.0a 38.8a 38.4a 36.2a
4-hour 61.82 64.9a2 42.8a 43,2ab 39.32 38.0a 37.8a 35.,2ab
24-hour 61,32 63.1a 42.5a2 43,3ab 39.0ab 38.6a 37.42 35,8ab
72=hour 61.9a2 6&4.3a 42,42 U42,4ab 38.7ab 37.9a2 37.1ab 34,99
Check 61.52 63.6a 41,2a 42.1» 37.5b 38.5a 35.6b 34.9b

*Numbers within columns not followed by the same letter differ at the

0.10 level of probability using Duncan’'s Multiple Range Test.
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Tatle 3. Visual quality ratings.,
Visual quality ratings+

Treatment 4 May .20 May 6 June 20 June 9 July
O—houl‘ 7-2a 5.3d 6-33- 5|?b SO?b
4-hour €.7a 6.3bc .02 5.7t 6.22b
24-hour 6.8a 6.0c 6.2a 57b 6.0b
72-ho1.11' 6 l?a- 6 le 6 |Oa 5 -Ba-b 6.3ab
Check 7.0a 7.0a 6.5a 6.32 6.8a

*Numbers within columns not followed by the same letter differ at the

0.10 level of probability using Duncan's Multiple Range Test.

+Visual quality ratings are based on shoot density, color, and uniformity

with 9 = ideal turf, 1 = no live turf.



Table %, Verdure and shoot density.

Verdure Shoot density

Treatment 6 June 20 June & June 20 June

~——mg/100 R — ——10./100 on’ —
O-hour 1326.1a°  1426.62 15,ba U .ba
b-nour 1400.0a 1526.6a 21 .6a 20.4a
24-hour 1173 .4a 1293 .4a 15 .8a 14 . 6a
72-hour 1386.6a 1606 .6a 16.6a 23.2a
Check 1440,0a 1380,0a 22 ,6a 19.6a

*Numbers within columns not followed by the same letter differ at the

0,10 level of probabllity using Duncan's Multiple Range Test.



Tatle 5. Root Weights.
Root weights by depth
& June 9 July
Treatment 0-10 cm 10-20 em 0-10 cm 10-20 em
ng/100 em”

O-hour 508.0b 201.0a 649.6a 169.2a
L4-hour b4t Eat 256.0a 684 .22 203.,8a
24-hour 713 .42 250.%2 €12 .42 169.2a
72-hour 727 .0a 191.8a 705.6a 177 Jba
Check 331 .4a 284 .Ea 744 ,6a 186.8a

*Numbers within columns not followed by the same letter differ at the

0.10 level of probability using Duncan's Multiple Range Test.

15



Table 6, Total nonstructural carbohydrates.

Treatment 16 May 6 June 20 June 9 July
%

O-hour ?-7bf 19,0 25.7a 24 ,7a

b=nour 11.3ad 20.0b 26.3a 27.3a

24-hour 12,72 25.7a 17.7b 20,72

72=-hour 10,3ab 13,0c 17.7b 24 ,0a

Check 13.4a 17 .Gbc 25.0a 22 .32

*Numbers within columns not followed by the same letter differ at the

0.10 level of probability using Duncan's Multiple Range Test.
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Most turfgrass areas are subjected to some degree of traffic
resulting in wear and compaction placing stress on the plant. Along
with physical atrasion caused by wear, traffic causes compaction which
presses soil particles together altering seoll physical parameters, dith
a constant force, the degree of compacticn is a function of soil water
content. Maximum compaction occurs at some time after the large soil pcres
start to drain,

Five treatments were applied to a 2.5 year old tall fescue (Festuca
arundinacea Schrebd,, 'Kentucky 31') stand on a Chase silty clay loam.

4 one-time compaction treatment of 35 passes with a water filled, smooth,
power r¢ller exerting 1.0 kg/Cm2 statie fressure, Was applied to 2 soil
with four soll moisture levels. 3Soil moisture treatments were established
by irrigating the area untll water was standing and then applying the com-
paction treatment 0, &, 24, and 72 hours after the standing water condition,
respectively, The fifth treatment was a non-compacted check. The effects
of treatments on soll physical factors and plant growth were monitored,

The study took place from 3 Kay to 11 July 1979.

Cf the compacted treatments, bulk density was 1.41 g/cm3 for the
24-hour treatment ard 1,31 g/cm3 for both the O-hour treatment and the
check. Aeration porosity at -C.1 bar matric potential was reduced by
20% for the soil compacted at saturation campared to the check. After
£ weeks, differences in moisture retention were not evident.

Two and six weeks after treatment date, visual ratings wWere reduced
in all compacted plots. The 4 weeks between raiings had high temperatures

and no rain. A correlation coefficient of 0.32 occured between wisual



quality and aeration porosity at -0.l1 bar matric potential. No differences
at alpha = ,10 were found between treatments for verdure and shoot den-
sity. PFour weeks after treatment, root weights at the 0-10 cm level

were reduced by €1% in the saturated treatment compared to the uncom-
pacted check.

Total nonstructural carbohydrates (TNC) levels 4 weeks after compaction
were higher than the check for the 0, 4, and 24-~hour treatments indicating
a slower growth rate, All treatments showed a steady increase in TNC
except for the 24-hour treatment which showed a 357 decrease in THC level
7 weeks after compaction., 2y 9 weeks after compaction, 21l treatments

exhibited similar TNC levels,



