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INTRODUCTION

Most turfgrass sites are subjected to some degree of foot or vehicular
traffic. Traffic related stresses are wear and soil compaction. Wear
injury occurs from physical abrasion and tearing on above ground plant
parts. Compaction is the pressing together of soil particles into a more
dense soil mass. 8Scil compaction influences soil bulk density, strength,
aeration, and wafer relationships as well as chemical and biological prop-
erties. Thliese parameters in turn affect all phases of crop growth. Many
plant-soil-compaction interactions on various plants have been studied.

So0il compaction is the most serious turf problem on recreational sites.
Management of these sites is more difficult than that on noncompacted sites.
Nitrogen (N) fertilization is an important part of any management program
and may be affected by compaction., Illowever, research has been limited on
N responses under compacted turf sites,

Objectives of this study were to a) determine the influence of soil
compaction on N and water utilization in cocl season turfgrass; b) determine
the influence soil compaction plays on the N availability and utilization

in water soluble or water insoluble carriers.



LITERATURE REVIEW

S0il Responses to Compaction

Soil compaction is a problem in many turf areas (44). Compaction is
not the direct cause of reduced plant growth, but it adversely affects soil
physical properties which in turn causes turf decline. Factors adversely
influenced by compaction include bulk density, soil strength, aeration,

and moisture relationships such as infiltration, percolation, and retention.

Bulk density

Bulk density increases as the soil is compacted (2, 8, 12), In recre-
ational turf sites the increase in bulk density occurs primarily in the
upper 3 em of soil (13, 72). Many studies have been conducted where bulk
density levels were varied to simulate degrees of compaction (5, 11, 27, 31,
35, 47, 53, 62, 65, 74, 80).

When using bulk density as a measure of the degree of compaction, soil
texture must be considered. Compaction applied to a particular soil type
must bhe viewe_d a4s compaction treatments relative to each other rather than
as absolute degrees of compaction. A particular density representing no
compaction for one soil texture may indicate severe compaction for another

soil texture (11, 49).

Soil strength

Soil strength is another impertant measure of compaction, Soil
strength measured by penetrometer resistance is a function of bulk density

and moisture content at the time of sampling (14, 15, 28, 74). McCormack (47)



found that soil moisture content, bulk density, and clay content influence
soll strength most. Studies conducted by Gupta (28) show that soil strength
increases as soil moisture tension decreases at the same bulk density.
Strength is a mechanical impedance to rooting and root growth decreases as

soll strength increases (26, 27, 31, 55, 57, 62, 65, 67, 74, 78).

Aeration

Compaction reduces aeration by decreasing total porosity and percent
macropores while increasing percent micropores (2, 12, 30, 51, 52). The
water-air-soil relationships are altered as aeration is reduced (25).
Aeration is more limiting on heavier soils because the degree of compaction
is dependent upon structure and texture of the soil. Compaction appears
to decrease both non~capillary (air-filled at field capacity) and capillary
porosity in sandy soils, whereas compaction often increases capillary

porosity at the expense of non-capillary porosity in clay soils (30).

liater

Soil water status is altered by compaction. This is due to a reduction
of macropores and an increased number of micrepores. Moisture retention is
increased (76), while water infiltration and percolation are decreased (2,
16, 18, 30, 49, 52, 64, 77, 78). Canaway (12) determined that infiltration
rate for a compacted soil was only five percent of that for an uncompacted
soil,

Toplayer compaction can cause a perched water table, Water does not
readily cross the compacted/non-compacted boundary because the scil adhesion
and cohesion forces in the top layer are too high te permit water to move
into the larger voids of the lower layer (76). PReduced infiltration, which

allows standing water, will increase evaporation losses since the water is
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not held in capillary pores. The reduction in infiltration can also lead
to dry spots and runoff. Patterson and others found that increased compac-—
tion will increase runoff and erosion (49, 54, BQ).

The matric potential is the attraction of the selid matrix for water
(32) and is a major contributing factor influencing penetrometer resistance
(31). A lower matric potential will supply fewer molecules of water for
lubrication of soil particles so that at a constant bulk density soil
strength increases as matric potentiai decreases (28).

The degree of compaction at a particular applied pressure is influenced
by the percent of water in the soil during compaction. When soils are suf-
ficiently moist, particles slide over each other and move into large pore
spaces (49). The large pores are theQ/gggggad to capillary pores, liowever,
if the pores are filled with water the shifting particles have nowhere to
move, thus compaction is less severe (32). Emerson (18) defined field
capacity as the maximum effective water content necessary to obtain the
highest compaction level. Others have also reported maximum compaction at

field capacity (30, 42).

Compaction and Plant Growth

Compaction influences soil physical properties, which may result in
decreased plant growth and vigor (7), Reduced root activity from one or
more of these factors often occurs, which eventually leads to reduced top

growth,

Soil strength and bulk density

Soil compaction causes increased soil strength and bulk demsity. A

soil with high soil strength and density can inhibit root penetration, which



may be exhibited by altered depth, density, branching, and weight of the
root mass, Also, the morphology of individual roots can be altered,

Strandberg (62) found that soil strength and not density had the
primary negative effect on root growth due to mechanical impedance. If
aeration is sufficient, each soil exhibits a ecritical soil strength beyond
which rooting is restricted. However, if soil oxygen levels are deficient
the critical point occurs at a lower soil strength., Therefore, mechanical
impedance is affected by both soil strength and oxygen levels,

A reduced rooting depth often accompanied by increased lateral growth
is common. This reduces the soil volume from which the plant can take up
water and nutrients (3, 26, 27, 28, 31, 55, 62, 68, 74, 79). Phillips and
Kirkham (55) found that a large percentage of roots in a 60 cm sample, taken
directly under a compacted corn hill, were in the surface 10 cm of the soil.
Although reduced rooting as a result of physical impedance is said to reduce
nutrient uptake, Flocker (21) stated that nutrients absorbed were independent
of soil density but were negatively correlated to increased soil moisture
retention,

An increase in root diameter has been observed under compaction (35,
65, 67). Taylor (67) also noted a reduced root elongation rate at higher
soil resistance levels. Despite the increase in lateral growth and individual
root thickening, the reduced rooting depth lowered the total dry matter of
roots., Cordukes (16) found this to be true in several lawn mixtures and
Thurman (68) observed this on 'Tifgreen' bermudagrass. Carrow (13) found
reduced root weight at both 0 to 10, and 10 to 20 cm depths for Xentucky
bluegrass, perennial ryegrass, and tall fescue.

Mechanical impedance effects on elongating roots can cause morphological

changes, These changes include hindrance to multiplication of cortical



cells, more ruptured epidermal cells with a wavy rather than smooth surface,
a generally deformed appearance, and a large percentage of the root volume

is cell wall (5, 6, 62, 74).

Aeration

Soil compaction results in decreased aeration. A decline in percent of
macropores reduces the soil aeration porosity. The ability of a root to
grow by adding new cell wall material and to take up certain nutrients
depends on energy from plant respiration (71). Root viability may decline
due to insufficient oxygen (65) or supraoptimal €O, concentrations for
respiration.

Rooting may be impeded by reduced aeration conditions and become shallow
because of less oxygen at lower soil depths (3, 11, 29). Roots require pore
spaces to grow through. When these are not readily available, root tips
push soil particles ahead and te the side which further reduces the mumber
of oxygen channels (71). Oxygen diffuses into the root under well aerated
soil conditions but diffuses out under flooded conditions (43). Letey et al.
(40) showed that reduced rooting depth is due to decreased oxygen concentra-
tions at the deeper soil levels. They found that deep root growth in soil
with adequate oxygen is possible when the portion of the root system above
it is sparse due to inadequate oxygen levels,

In association with reduced aeration is reduced gas exchange which can
result in a toxicity of plant exudates such as CO2 (71) and ethylene (24).
Ethylene production increases when plant tissues encounter a mechanical
barrier or in anaerobic situations (22, 33). Toxic products of the soil
may exist naturally at low oxygen levels., For example, plant available
Fe and Mn may reach toxic levels at a low oxygen level and phytotoxic

hydrogen sulfide is produced when sulfur compounds are reduced (53).



A measure of the soill aeration status is oxygen diffusion rate (ODR),
An ODR of 40 x 107° g cm™2 m:'m-1 is adequate for reoot growth while an ODR
of 15 x 1078 g en? min~l is limiting for most plants (37, 38) and ODR
<20 x 107% g en~2 min~l for turfgrass is limiting (39, 41).

Root morphological changes due to reduced aeration include increased
root porosities and short, thick adventitious roots without root hairs.,
Grable (24) concluded that soil aeration affects auxin since deficient
aeration causes epinastj, initiation of adventitious roots, premature
abscission of reproductive structures, and loss of geotropism. Slower
growing roots have a shorter unsuberized zone so water uptake is reduced
(36, 52). The reduced water uptake caused a reduction in root hydration
in the root areas with inadequate oxygen (40).

Limited rooting results in reduced nutrient uptake (38). The problem
of limited rooting in a confined volume of soil is compounded by insufficient
oxygen for respiration which will reduce the amount of water and nutrients
taken up by the roots. Studies by Letey et al. (37) found a reduction in
nutrient accumulation, while N concentration increased with higher oxygen
content (39). Waddington (75) noted that in general nutrient accunulation
was not appreciably lower at low ODR. Reduced nutrient uptake may eventually
affect top growth of the plant.

Reduced aeration results in reduced plant top growth (71). Growth of
Kentucky bluegrass was greatly reduced at ODR of 5 to 9 x 10-8 g c:m_'2 min-l
(75). The limiting ODR level varies with species, age, and degree of
hydration (24). Also, plants will wilt from poor aeration and from decreased
soil water uptake, which reduces shoot turgidity.

Yield reduction in corn may be due to decreased oxygen in the soil

rather than mechanical impedance (553) and ODR is the single most important



factor correlated with potential vield of potatoes (r = +0,82) while there
was no significant correlation of bulk density and yield or penetrometer
resistance and yield (58).

In general, plant growth increases with increasing soil oxygen levels
(36). It was found that there were 230 more miles of turfgrass roots under
5,000 £t2 of aerated compacted soil as compared to non-aerated compacted

soil (29).

Water

S0il compaction results in decreased percentage of large soil pores
which hinders drainage of water., The altered soil moistufe conditions will
affect plant responses such as root length and weight, and the decreased
water use and nutrient uptake will eventually reduce top growth and vield.

Compaction has been found to reduce water uptake (51) but Harper (29)
found that water and aeration treatments had a greater influence on turf
quality than compaction., This suggests that mechanical impedance is not
the major factor influencing turfgrass growth on compacted soils (29).

The decreased drainage of compacted soils leaves a greater amount of
water in the soil for a longer period of time (16). Increased water content
results in shallow roots (29). Skirde (61l) noted that improved drainage of
a compact subsoil improved turfgrass looks and increased drought resistance
by promoting deeper rooting.

A decline in water use can occur with a decrease in oxygen (40). One
reason for this may be that water permeability of root cells decreases with
low oxygen levels (52). Also, Letey (36) found that with slower growth of
roots in compacted soils fewer young root areas occur and water uptake is
reduced since permeability decreases with age. However, water use per unit

dry weight is less under compacted conditions (40).



There is a decrease in water translocation within plants growing under
low soll oxygen conditions due to a reduction in root hydration and number
of roots (40). The water content of roots is important because osmotic
potential within the elongating root cells create the pressure potential
necessary for root growth (66). Reduced oxygen levels within the root may
result in reduced shoot turgidity (40) but the stress of compaction can
also cause limited water vapor loss by stomatal closure (52)., However,
stomatal closure will decrease air flow into leaf tissue.

Reduced water infiltration may leave compacted'soils dryer after a
short heavy rain or irrigation. The increase in matric suction in dry soil
is a major factor limiting root elongation and contributing to increased
penetrometer resistance (31). Taylor (67) found that roots elongate fastest
at low resistance, root length was more affected than root volume or weight,
and that root diameter increased as soil water content increased, especially
at a low soil strength.

Altered soil moisture conditions have a detrimental effect on shoot
growth and yield as well as roots. Carrow (13) found that shoot density,
verdure, percent turf cover, and visual quality were reduced in various
degrees in three species of turfgrass under compaction. The greatest
decrease in growth of tops of maize occurred with dry moisture regimes and
a bulk density of 1.57 g/cc or more (28). Anaya (4) found a high correlation

(r = 0.94) between water consumption and grain production in wheat,

Soil Compaction and Nitrogen

Plants absorb most of their N in the NH4+ and NO3_ forms. The quantity

of these two ions depends on the amounts supplied as commercial N fertilizer
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and released from soil organic reserves. Quantities released from organic
reserves depends on such factors as N-mineralization, HN-immobilization, and
losses from the soil (69).

Nelson (51) found that compaction restricted nutrient uptake due to a
combination of adverse factors such as lack of oxygen, increased C02, poor
water utilization, and root impedance. Higher N rates on a non-compacted
soil increased yield and ¥ concentration of 'Midland' Bermudagrass, while
the percent recovery of applied N decreased (45). Gore (23) found that
additional N improved turfgrass cover in the absence of compaction whereas

it was actually detrimental in the presenée of compaction.

Bulk density

The bulk density for a particular soil texture gives information as to
the porosity of the soil. An increased bulk density will have a lower total
porosity and percentage of macropores. This reduces water flow and thus N
diffusion. Gupta (28) has stated that in a compacted soil, bulk density
not amount of nutrient, is limiting for nutrient uptake.

Nitrogen concentration expressed as percent on a dry basis increased
with increased bulk densities in maize (28) and tomatoes (21). However,
the total amount of nutrients absorbed was independent of density (1.2 - 1.6
g/ce) when soil meoisture was held at 0.7 bar. In sandy loam soil, N uptake
increased with bulk densities to 1.3 g/cc and declined beyond 1.4 g/cc.

In loamy sand, N uptake increased with bulk densities to 1.5 g/cc and
decreased sharply beyond 1.6 g/cc (63).

A bulk density increase may produce a high protein, low sugar plant

(20). Dunn (17) found that this high protein or ¥ content in bermudagrass

was associated with reduced cold-hardiness.
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Aeration

Nutrient uptake, especially anions, require energy from respiration.
Deficient oxygen conditions reduce the efficiency of fertilizer use due to
restricted root growth and reduced plant respiration.

Deficient soil oxygen also allows the N to transform into unusable or
unstable compounds. N mineralization is the conversion of organic N to a
mineral form (NH4+, N03_, or NOZ_). N mineralization was reduced by slight

compactibn (34). Some of the NH4+ released may be converted by nitrification

to NO3_—N by Nitrobacteria in two oxygen dependent steps. HMaximum nitri-
fication occurs at 20% oxygen. Microorganisms produced only half as much
NO3" at 2.1 percent oxygen as compared to 20 percent oxvgen (34)., Denitri-
fication is the biochemical reduction of nitrates under anaerobic conditions
where REL and Ny are released as gases (69).

Compaction reduces oxygen iﬁ flooded soils. As a result, NOB— is
unstable and reduced to NH4+, NOZ-’ 1,0, and Ny by N03- respiration or to
NH3+ by N03- assimilation in anaerobic soil. Common denitrification occurs
in intermediate levels of soil oxygen and H03' is usually reduced to N,
These reactions decrease the N in the soil by gaseous escape (10, 52).

Nutrient uptake is reduced in low oxygen conditions due to reduced
root growth and N losses (38, 52). However, Waddington (75) found that
plant nutrient accumulation was not appreciably decreased at low ODR
-2

(<5 to 9 % 10”8 g cm min-l) for three species of grass. Others have

reported a decline in N concentration with decreasing oxygen levels (39, 40).

Water

Compaction affects mass flow and diffusion, which are two methods for
movement of nutrients to plant roots. For NOB- mass flow is significant (53).

A reduction in soil moisture reduces both water and NO3“ ion movement.
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As s0il moisture is reduced, water movement decreases and thus the water
movement to the root surface is reduced. The moisture films around the
soil particles are thinner and diffusion of ions through these films is
restricted.

Delivery of nutrients to root surfaces is probably most rapid at field
capacity (69). To prevent further loss of the N03_ ion, Brown found that
when irrigation rates were kept near or below evapotranspiration rates
leachate ions from plots fertilized with soluble sources were minimized (9).
The influence of an N fertilizer will vary with the moisture in the soil
(19). TFor example, the release of N from a slow release fertilizer such as
isobutyldiurea and sulfur coated urea is dependent upon the amount of water
in the soil.

Plant growth is affected by water-fertilizer relationships. Flocker
(21) found a negative correlation between nutrients absorbed and increased
soil moisture tension. Plants grown at higher tension had greater concen-
trations of nutrients absorbed except B and P, Singh et al. (60) found
that increased N applications with increasing irrigations on wheat (from

one to three 7.5 em irrigations) increased the N uptake.
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Turfgrass Growth, I Use, and Water Use Under
Soil Compaction and N Fertilization

M. J. Sills and R. N. Carrow

ABSTRACT

Soil compaction is a problem in many turf areas. In this greenhouse
study the influence of soil compaction on morphological and physioclogical

aspects of Lolium perenne L. 'Pennfine' was investigated. The turfgrass

was subjected to two compaction treatments with an 11.5 kg falling weight:
.a) Ox - none, b) 20x - weight was dropped 20 times from a height of 36.8
cm, Fertilization rate treatments were (0.5 and 1.0 kg /100 mz. Nitrogen-
carrier treatments were water soluble Il applied as HHQN03 and water insolu-
ble applied as IBDU. Two parts fine, montmorillonitic mesic Aquic Arguidoll
soil was used to one part sand.

Increasing compaction increased bulk density, water retention, and
soil strength while decreasing aeration porosity. Visual quality, clipping
vield, N-use efficiency, evapotranspiration, and root growth declined as
compaction increased. Verdure, total nonstructural carbohydrates (TNC),
and percent N in leaf tissue were not affected by compaction. Initial TNC
levels, total water use efficiency, and total MN-use efficiency increased as
N-rate increased. Clipping yield, N-use efficiency, and water use efficiency
were higher with a water soluble N-carrier. TNC at day 72, percent N in
leaf tissue early in the study, and root weight in the surface 5 cm increased
with water insoluble fertilizer. The most detrimental effect of compaction
was on root weight at a high water soluble N application. Thus, compaction
not only affected turf growth but it also influenced plant and soil responses

to different N-rates and N-carriers as well as plant-water relations.
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Additional index words: Lolium perenne L., l-use efficiency, Aeration

porosity, Clipping yield, Soil strength, Perennial ryegrass.

Most turfgrass sites are subjected to some degree of foot or vehicular
traffic. Traffic related stresses are wear and soil compaction. Wear
injury occurs from physical abrasion and tearing on above ground plant parts
(3). Compaction influences soil bulk density, strength, aeration, and water
relationships, which in turn affect plant growth.

Madison (17) noted that soil compaction waé the most serious turf
problem on recreational sites. Turfgrass responses to compaction are often
confounded by wear effects (7, 12). Shearman and Beard (25) investigated
wear tolerance without including compaction effects.

In most studies turf root growth was observed to decline with increasing
compaction (9, 16, 23, 26); however, increased growth (31l) and no response
(30) have been observed. Valoras (23) found that compaction reduced root
growth in bermudagrass. Conflicting growth responses can often be explained
in terms of the soil texture and degree of compaction. For example, moderate
compaction on a loamy sand may improve moisture relations for rooting.

Reduced shoot growth due to compaction as exhibited by decreased plant density,
visual quality, and verdure have been reported (8, 26).

Nitrogen relations may be affected by soil compaction. Increased l-rate
enhanced turfgrass yield (17) and percent N in leaf tissue under non=-compacted
conditions (24). ELxcess N resulted in decreased rooting when individual
plants were in competition. After reviewing the results of many investigators,
Madison (17) concluded that adverse effects of compaction could not be com-
pensated for by fertilizer or water., Literature concerning soil compaction

and the effects of various N-rates or H-carriers on turfgrass is limited.



Compaction may also influence water use (16). Letey (16) found that
the slower growth of roots in compacted soil rasulted in fewer young root
areas. Also, root permeability decreased due to root maturation which
reduced water uptake. Increased water content of compacted soils may con-
tribute to shallow rooting as observed by Gore et al, (12).

The objective of this study was to determine the influence of soil
compaction on nitrogen and water utilization in perennial ryegrass from

water soluble and water insoluble ll-carriers.

MATERIALS AND METHODS

This 1980 greenhouse study was established on a two part soil:one part
sand mix. The soil was a Chase silt loam (fine, montmorillonitic mesie

Aquie Arguidolls). Lolium perenne L. 'Pennfine' perennial ryegrass was

seeded 31 Dec, 1979. All pots received 0,125 kg X/100 m® on 3 Jan. 1980
as urea 46-0-0,

Pots were constructed using 30.5 cm diam PVC pipe cut into 76.2 cm
sepments. A plastic plate with one drainage hole was sealed into the bottom.
Pots were constructed to allow turfgrass root growth and water drainage
similar to that in a field. A 5 cm layer of coarse gravel was placed at
the bottom of each container which were then filled with the soil:sand mix.
The soil was allowed to settle by watering frequently for three days.

Four replications per treatment in a 2 x 2 x 2 factorial, randomized
complete block design were used. Each plot received one of eight treatments
each having one compaction, one fertilization rate, and one N-carrier.
Compaction treatments were: a) 0x - none; b) 20x - an 11.5 kg weight was

dropped 20 times from a height of 36.8 cm on 16 Mar. 1980. The soil was
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saturated and allowed to drain 24 hours before the compaction., By bulk
density determinations, it was found that compaction was restricted to the
surface 3 cm. Nitrogen fertilization rate (NR) treatments were: 0.5 and
1.0 kg N/100 m2. Nitrogen carrier (NC) treatments were: water soluble N
applied as NH,NO5 and water irsoluble applied as IBDU (coarse). All fertil-
izations were applied once on 29 Mar, 1980. Tensiometers were installed at
5 and 25 cm below the soil surface in three replications. These were used
to monitor water use and as an aid to irrigation. Sufficient water was
applied when the first tensiometer reached -0.70 to -0.80 bar to return all
tensiometers to a 0 bar value.

Clippings were collected, dried at 65 C for 24 hours, weighed and
analyzed for percent N in the tissue from a micro-Kjeldahl digestion (19)
using a selective NH3 ien electrode (1) (Appendix A). Verdure was determined
from one sample (5.4 cm diam) per plot. Clipping samples were used to
determine total nonstructural carbohydrates (TNC) by the method of Morris
(20). Visual quality ratings were based on turfgrass color, density, and
uniformity. A scale of (9 = ideal, 6.5 = acceptable, 1 = no live turf) was
used, PRoot weights were determined at the end of the study by combining
four cores (2.0 cm diam each) per plot for each depth, washing, drying at
65 C for 24 hours, and weighing. Soil N03- was measured every two weeks
from one core (2.0 cm diam) per plot. Samples were separated by depth,
dried at 30 C for 24 hours, then seived to pass through a 20 mesh screen,

A 10 g sample was analyzed using a selective NOB- ion electrode (1). Soil
physical measurements were obtained in June to determine the degree of
compaction., Dulk density, moisture retention, and aeration porosity deter-—
minations were made using a single core (5.4 cm diam x 3 cm) at each depth

per plot, Penetrometer resistance was measured to test soil surface strength
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at field capacity., Tensiometers were read daily to determine the cm of

water used and the water use efficiency.

RESULTS AND DISCUSSION

Soil Physical Properties

Soil physical properties were affected by compaction (Table 1). BRulk
density values when averaged over N-rates and N-carriers showed an increase
from 1.26 to 1.34 g/cm3 when going from the Ox to 20x compaction treatments.
Total pore space was reduced from 42.3 to 39.2%. Water retention at -0.33
bar increased 8.3%. Varkentin (29) noted that compaction increases water
retention in the range where it is available to plants.

Aeration porosity at =0,10 bar moisture content decreased from 20.9 to
17.1%, or an 18,27 reduction due to compaction. Madison (17) recommendedr
10 to 20% non-capillary pore space after compaction for sports=-turf areas,

2 when going from the

Penetrometer values increased from 0.68 to 1.09 kg/cm
0x to 20x compaction. This is in agreement with Hemsath (14) who found that
penetrometer resistance increased as'bulk density increased. Sampling was

at -0.33 bar since penetrometer resistance increases as water content

decreases.

Turfgrass Growth Responses

Soil compaction is an indirect stress on turfgrass. Compaction affects
properties such as soil bulk density, aeration, and moisture retention; and
all influence plant growth activity. These altered physical properties are

a stress and may result in plant decline.
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Shoot growth., Visual quality was reduced with increased compaction

regardless of lN-rate or ll-carrier (Table 2). At the beginning of the study,
the water soluble N-carrier somewhat reduced the effects of compaction on
visual quality. The soil used in this study apparently had some residual N
since even the low N-rate exhibited very good quality. The decline in turf
quality as compaction increased was similar to trends observed by other
investigators (3, 7, 9, 12, 26, 27, 28).

While verdure was not affectéd by any of the treatments, clipping
yield declined with increasing compaction throughout the study (Table 2).
In the first 22 days of this study, the immediate availability of N from
the water soluble N-carrier is evident by the greater clipping yield. The
turfgrass responded to the higher MN-rate treatment during the three to
seven week period following fertilizatiom, but by the eighth week plant
uptake or leaching seemed to have depleted the excess N. HNeither N-rate
or N-carrier treatments alleviated the adverse effects of compaction on
clipping vield.

Turf respcnses to compaction were similar to other reports. Thurman
(26) and Valoras (28) reported that compaction reduced shoot growth of
bermudagrass, Van Wijk et al. (27) noted that above ground growth was

=2 nin~l resulting from compaction.

reduced at ODR below 10 x 107° g cn
It is well known that turfgrasses respond to N (3, 13) but the effects
of M fertilization on compacted sites are less clear. Fertilization studies
are generally conducted on non-compacted turf and the results may not apply
to compacted situations. Gore et al. (12) found that additional N improved
turfgrass cover in the absence of compaction whereas it was actually detri-

mental in the presence of compaction.

Total nonstructural carbohydrates were not affected by compaction but
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during the first month after fertilization THC levels increased slightly at
the higher H-rate (Table 2). At 72 days after fertilization, TNC levels were
influenced by N=-carrier. The water insoluble N-carrier resulted in a higher
TNC level for the compacted turf but only at the high N-rate. This is
contradictory to Madison (17) who reported that increasing N caused excessive
growth which reduced carbohydrate storage. Illowever, clipping TNC levels

were measured and not total shoot THNC.

Root weight. Compaction reduced peremnial ryegrass root weight in all
soil zones and total root weight by 30.6% when averaged over all treatments
(Table 3). Compaction applied to the low N-rate turf caused a 13.3% reduc-
tion in rooting but at the high N-rate a 44,67, decrease occurred, The
restricted rooting was particularly evident under the high l-rate plus the
water soluble carrier with a 537 reduction for the compacted versus non-
compacted turf. Deep root growth in the 15-25 cm zone was least for the
compacted plus high I plus water soluble carrier combination,

Perennial ryegrass rooting was least affected by compaction in a study
comparing three cool season turfgrasses (8). Thus, these rooting trends
may be even more evident for other turf species.

The results of this study suggest that excess I coupled with compaction
has a detrimental synergistic effect on rooting. Madison (17) noted that
when N levels are adequate to bring individual plants into competition,
increased N resulted in decreased rooting. Other researchers have reported
reduced turfgrass rooting under compaction (2, 9, 16, 23, 26), but they

did not include N-rate or N-carrier responses.
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Water Use

Lvapotranspiration (ET). Compaction reduced evapotranspiration from

51.5 to 37.1 cm Ho0 over the period of the study when averaged over N-rate
and carrier (Table 3)., !l-rate and WN-carrier had little influence on ET
except in the high N-rate treatment during the last period of the study,
where ET was reduced by compaction more than under low N-rate.

Reduced evapotranspiration leaves a greater amount of water in the soil
for a longer period of time. Letey (15) found that the slower growth of
roots in compacted soils results in fewer young root areas. Also, root
permeability decreased due to root maturation which reduced water uptake.
Increased soll water content produced shallow rooting in a study by Gore
et al. (12). Since water consumption is reduced under compaction, care
should be taken not to irrigate such sites except when needed in order to

avoid excessive solil moisture levels.

Water use efficiency. Water use efficiency (liters of H,0 used per g

dry weight tissue produced) was not affected by compaction (Table 3). The
water soluble lN-carrier exhibited more efficient water use than the water
insoluble li=carrier during the first 22 days of the study (Table 3). During
this period, the immediate 17 availability of water soluble fertilizer
increased clipping yields and made more efficient use of applied water.
High N-rate treatments tended to be more water use efficient than low I-
rates during the middle of the study. This was also a peried when high
N-rate treatments produced higher clipping yields, Burton et al. (6) found
that a high N rate was 20% more water use efficient in common bermudagrass.
Under the conditions of this investigation N-rate and N-carrier treat-
ments had a greater influence on water use efficiency than compaction.

llowever, compaction affected evapotranspiration more than I treatments.
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Hitrogen Responses

Plant nitrogen. Leaf tissue N content was not affected by compaction

or N-rate but N-carrier responses were noted early in the study. The
immediate availability of N in the water soluble fertilizer treatments
produced leaf tissue with a higher percent N during the initial two weeks

of the study (Table 4). Roberts (24) reported N-rate influenced percent N
in leaf tissue with 2.8% W for low fertility grass, 3.5% ¥ for moderate
fertility grass, and 4.4 to 4.9% N for grass receiving excessive N. Values
in this study were in the fertile range. MNitrogen concentrations were found
to increase with increased soil bulk density in maize (13) and tomatoes (10).
Letey et al. (15) noted that N concentration increased with increased oxygen
levels that may occur at higher bulk densities (7).

While compaction did not influence percent N in leaf tissue, it did
reduce N-use efficiency by 32.27 averaged over N treatments (Table 4).
Slower shoot growth of compacted plots reduced the total N taken into the
plants per unit area and the limited root growth reduced the volume of soil
from which N could be obtained. Additional N increased YN-use per unit area
but this was inefficient, since a 1007 increase in applied N increased ll-use
per unit area only 10%, averaged over compaction and N-carrier treatments,

A water soluble N-carrier increased N-use per unit area hy 11.57. Compaction
reduced N-use per unit area regardless of N-carrier but the reduction was
39.5% for the water solubel N-carrier while only 23.1% for the water in-
soluble MN=carrier. Madison (17) noted that each added increment of a nin-
eral increases yield, but the increase is smaller with each added increment,
Higher N-rates on a non-compacted soil increased yield and N concentration

of "Midland' bermudagrass, while the percent recovery of applied N decreased (18).
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Compaction, high N-rate, and water insoluble N-carrier reduced 1I
recovery (Table 4). Compaction reduced percent N recovery Ly 32.15. A
high li-rate was only 55% as efficient in Il recovery as the low lN-rate and
the water insoluble N-carrier was only 897 as efficient in N recovery as
the water soluble N-carrier. Percent N recovery values were greater than
100% due to the turf extracting more N than was applied. The soil used
had a high N fertility., Goetze (11) found efficiency of N recovery for

ryegrass was about 30% for soluble sources, about 25 for organic residues,

and less than 20% from UF nitrogen.

So0il nitrates., Nitrates were reduced by compaction at 12 days after

fertilization in the upper 5 em of soil, possibly by gaseous loss (Table 1).
Aeration decreased with compaction and Buresh (5) noted that with anaerobic
conditions soils lose NOs- by NO3- respiration or NOJ- assimilation.

Beyond 12 days after fertilization compaction did not influence NOB- levels.,
Parish (21) states that mass flow is significant for N03— transport and
compaction reduces mass flow, which could result in higher initial N 3-
levels near the soil surface.

Up to the 28 day sampling period, the water soluble N-carrier treat-
ments had higher soil NO3_ levels than the water insoluble carrier., Nitrogen
rate had little influence on soil N03- levels except for the 12 day sampling
date. At that time the higher water soluble N-rate produced very high 503-
levels in the surface 0=5 cm zone. The N03— levels in this study were low
but within the range noted by Rieke and Lllis (22).

In the present study shoot growth and rooting were decreased under
compaction. When high N-rate of a water soluble carrier was coupled with
compaction, root growth was reduced even further. Susceptibility to drought

stress could increase under these growth conditions. Plant N use efficiency
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was adversely affected by compaction as was percent [ recovery. Also,
soil NOS_ appeared to decrease initially under compaction.

Compaction did reduce water use as measured by ET. This would appear
to result from a combination of a limited root system, altered moisture
release curve, slower shoot growth rate, and perhaps a less viable root
systen due to lower aeration, With a limited root system, less viable
roots, and an altered moisture release curve, little of the water conserved
under compaction (versus no compaction) would be unavailable for future use.

Compaction did not influence water use efficiency. The use of a water
soluble N-carrier did increase water use efficiency by producing more shoot
growth. However, this did not continue later in the study when limited
rooting méy have reduced water availability,

Obviously, the same [ fertilization and irrigation programs on com-
pacted versus non-compacted turf sites would produce different respomses.
On recreational turf, fertilization and irrigation regimes should be care-

fully developed to provide adequate plant growth as well as efficient N and

water use,
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TABLE CAPTIONS
Bulk density, aeration porosity, moisture retention neasurements,
penetrometer resistance, and soil nitrates,

Visual quality, verdure, clipping vield, and total nonstructural
carbohydrates (ZTNC) for perennial ryegrass.

Evapotranspiration, water use efficiency and root weight for
perennial ryegrass.

Percent N in leaf tissue, N-use per unit area, and percent N
recovery for perennial ryegrass.
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Influence of Soil Compaction on N Utilization in
Tall Fescue
M., J. Sills and R, N. Carrow

ABSTRACT

Soil compaction is a problem in sport turf areas. In this field study
the influence of soil compaction on morphological and physiological aspects

of Festuca arundinacea Schreb. 'Kentucky 31' were investigated. The turf-

grass was subjected to three compaction treatments with a smooth, power
roller: 1) Ox - no compaction, 2) 1l0x - 10 passes a week for 4 weeks,

3) 20x - 20 passes a week for 4 weeks. The turfgrass received two fertil-
ization treatments: 1) 0.38 kg N/100 ot per application with three appli-

cations, 2) 0.75 kg N/100 m?

per application with three applications. A
fine, montmorillonitic mesic Aquic Arguidoll soil was used.

Increasing compaction increased bulk density, water retention, and
soil strength while decreasing aeration porosity. Visual quality, clipping
yield, N use per unit area, percent N recovery, and root growth declined
as compaction increased, Visual quality, clipping yield, percent N in leaf

K increased with increasing MN-rates while

tissue, and N uptake per 100 ecm
percent N recovery declined. Total nonstructural carbohydrates were unaf-
fected. There was a detrimental effect on root weight at the high N=rate

with compaction. Compaction altered soil physical properties which affected

plant growth and influenced plant and soil responses to N fertilization,

Additional index words: Festuca arundinacea Schreb., Verdure, Bulk

density, Aeration porosity, Clipping yield, Soil strength.
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Most turfgrass sites are subjected to some degree of foot or vehicular
traffic. Traffic related stresses are wear and soil compaction. Wear
injury occurs from physical abrasion and tearing of above ground plant
parts (2). Compaction influences soil bulk density, strength, aeration,
and water relationships, which in turn may affect plant growth. Madison (12)
noted that soil compaction was the most serious turf problem on recreational
sites.

Research investigations have demonstrated the adverse effects of
compaction on turfgrasses., Turf root growth declines with increasing com-
paction (5, 11, 18, 20). Reduced plant density, cover, and verdure have
been reported (4). Also, Thurman (20) and Valoras (22) found that compaction
reduced shoot growth of bermudagrass.

Nitrogen (M) fertilization is a major cultural practice on high main-
tenance sport turfs, DMuch research has been conducted on proper li-fertil-
ization (12). However, limited literature exists on the influence of soil
compaction on turfgrass utilization of .

The objective of this study was to determine the influence of soil

compaction on N-utilization from a water soluble N-carrier on tall fescue.

MATERIALS AND METHODS

This 1980 field study was established on a Chase silt loam (fine,
montmorillonitic, mesic Aquic Arguidolls). The turfgrass was a three year

old stand of Festuca arundinacea Schreb. 'Kentucky 31' tall fescue, Irri-

gation was applied at 3.5 cm once a week to prevent moisture stress.
Plot size was 3.0 x 1.1 m with three replications per treatment in a

2 x 3 factorial, randomized, complete block design. Each plot received one
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of six compaction and li-rate treatments (Table 1). Compaction treatments
were: a) 0Ox - none; b) 10x - 10 passes a week for 4 weeks with a power
roller, then 2 passes a week for 5 weeks to maintain compaction; c¢) 20x -
20 passes a week for 4 weeks with a power roller, then 4 passes a week for
5 weeks to maintain compaction. Compaction treatments were applied with a

smooth, power roller that exerted 2.5 kg/cm2

static pressure with all passes
made on the same day of the week. Soil for all treatments was irrigated to
saturation 24 hours béfore each compaction. Compaction applied in this
study was similar to that received on athletic turfs (4). The smooth, power
roller was used to minimize the effects of wear., Slight wear was present
after applications made in the late part of July due to heat stress and thus
a less vigorous resilient turf. Recovery from wear was apparent 2-3 days
after the compaction treatment,

Fertilization treatments were: a) 0.38 kg N/100 m? per application
with three applications; b) 0.75 kg N/100 m? per application with three
applications. WNitrogen was applied as urea (45-0-0) on 25 June, 23 July,
and 5 Sept.

Clippings were collected weekly, dried at 65 C for 24 hours, weighed
and analyzed for percent N in the tissue from a micro-Kjeldahl digestion
(14) using a selective, NHB- ion electrode (1) (Appendix A). Verdure,
shoot density, and total nonstructural carbohydrates (TNC) were determined
from two samples (5.4 cm diam) per plot. Samples were collected before
1000 hours, dried at 100 C for one hour, then 60 C for 24 hours. The TNC
levels were determined by the method of Morris (15). Visual quality ratings
were based on turfgrass color, density, and uniformity. A scale of (9 =
ideal, 6.5 = acceptable, 1 = no live turf) was used. Root weights were

determined by combining four cores (2.0 cm diam each) per plot for each
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depth, washing, drying at 65 C for 24 hours, and weighing.

Soil NOBF was measured weekly from two cores (2.0 cm diam) per plot.
Samples were separated by depth, dried at 30 C for 24 hours, then sieved to
pass through a 20 mesh screen. A 10 g sample was analyzed using a selective
N0, electrode (1).

Soil physical measurements were obtained in August to determine the
degree of compaction. Bulk density, moisture retention, and aeration
porosity were from one core (5.4 em diam x 3 cm) at each depth (0-3 cm,

3-6 cm) per plot, Penetrometer resistance was measured for soil strength

at the surface at field capacity.

RESULTS AND DISCUSSION

Soil Physical Properties

Soil physical properties were affected by compaction (Table 1). Since
no differences occurred due to N-rate, values for compaction treatments were
averaged over both N-rates. Increasing compaction resulted in higher bulk
density in the surface 0-3 cm and an altered moisture release curve,
Aeration porosity at -0.10 bar moisture content in the surface 0-3 cm
declined from 14,1 to 10.6. Due to the moderately slow drainage, aeration
porosity at --0.10 bar was assumed to be the aeration status the turf was
most subjected to after irrigation. Madison (12) recommended a minimum of
10% non-capillary pore space after compaction for sports-turf areas. TPene-
trometer values increased 2.2 fold when going from Ox to 20x compaction.
This is in agreement with llemsath (9) who found that penetrometer resistance

increased as bulk density increased,
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Turfgrass Growth Responses

Compaction is an indirect stress on turfgrass by influencing soil
physical properties such as soil strength, aeration, and moisture retention.
These altered physical properties may adversely affect plant growth

activity.

Shoot growth. Visual quality declined with increasing compaction

regardless of N-rate (Table 2). A higher N-rate resulted in better quality
turf and did offset some of the compaction effects in Oct. The decline in
turf quality as compaction increased was similar to trends observed by other
investigators (2, 3, 5, 7, 20, 21, 22).

Neither compaction or N-rate influenced plant density and verdure at
the 5% significance level (Table 2). However, a reduction in verdure was
noted in Sept. at the 10% level, The reduced verdure would be important in
wear tolerance because turfgrasses exhibit better wear tolerance at higher
plant density and verdure (2, 3). Carrow (4) observed a decrease in verdure
of Kentucky bluegrass and tall fescue under compaction treatments.,

Clipping yield declined with increasing compaction from Ox to 10x but
this was most apparent at the low N-rate (Table 2). An increase in N-rate
reduced most of the effects of compaction on clipping yield. Thurman (20)
and Valoras (22) reported that compaction reduced shoot growth of bermuda-
grass. Van Wijk et al. (21) found that above ground growth was reduced at
soil oxygen diffusion rates (ODR) of below 10 x 108 g cm“z rn:l.n-l which can
result from compaction,

All treatments exhibited similar low THC levels (Table 2). Carrow (4)
found that three species of cool season turfgrasses demonstrated a TNC

reduction as compaction increased. Kentucky bluegrass TNC decreased 50%;
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perennial ryegrass and tall fescue, 28 and 357, respectively. In our study
any influences of compaction or N-rate may have been masked by the prolonged
high temperature stress with many daily highs in excess of 38 C, Carbo=-
hydrate reserves are desirable since they serve as an immediate source of

carbohydrates for regrowth following a stress (2).

Root growth., In this study, compaction was applied in the summer when
root growth was at a minimum, since the majority of tall fescue rooting
occurs in the spring and fall. Rooting data on Sept. 3 did not reveal any
differences due to treatments (Table 3). Apparently compaction and N-rate
did not affect summer root deterioration as has been reported to occur on
tall fescue (4). The unusually high temperatures during July and Aug. may
have had é greater influence than the treatments.

The Oct. sampling date reflects fall root growth and at high U total
root weight was affected by compaction. Root weight decreased 48% from the
Ox to 10x compaction and then increased slightly. Carrow (4) evaluated
three turfgrass species with respect to rooting under compaction and noted
that root growth does not necessarily decrease linearly with compaction.
Under low N, compaction did not reduce total rooting.

Root distribution was altered by compaction and N-rate, Increasing
compaction caused a decline in root growth in the 5-10, 10-20, and 20-30
cm soil zones, particularly under the higher N-rate. Also, most of the
responses were between Ox and 10x compaction levels. Madison (12) noted
that when N was adequate for plant growth an increase in N could result in
decreased rooting. The results suggest that excess N coupled with compaction

has a detrimental synergistic effect on root growth.
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Nitrogen Responses

Plant nitrogen. Compaction did not affect the percent N in leaf

tissue but the higher MN-rate increased percent leaf N (Table 4), The
plant N levels are in agreement with Roberts (19) who reported 2.87 N for
low fertility grass, 3.5% for moderate fertility grass, and 4.4 to 4.9%
for bluegrass receiving excessive N. Other investigators found that H
concentration increased with increased bulk density in maize (8) and
tomatoes (6). However, Letey et al. (10) found that N concentration
increased with increased oxygen levels,

Early in the summer compaction reduced N-use per unit area of turf by
13 to 39%Z (Table 4). Evidently, decreased shoot growth of compacted plots
reduced the total N utilized by the turf stand on an area basis. Also,
reduced root growth may have decreased the volume of soil for N uptake.
This would suggest less efficient use of applied N on compacted sites, which
was confirmed by the percent N recovery data., As compaction increased
between Ox and 10x the percent N recovered declined by 31 and 10¥%, respec~-
tively, for the low and high N-rates.

While additional applied N increased N-use per unit area the actual
percent N recovery was less at the higher ¥ level. Thus, N-use efficiency
actually decreased as N-rate increased, irrespective of compaction level,
Mathias (13) found that higher N~-rates on a non-compacted soil increased
N concentration in 'Midland' bermudagrass, while the percent recovery of
applied N decreased. Madison (12) noted that each added increment of a
mineral increases yield, but the increase is smaller with each added incre-

ment. Thus, the amount of N used for each added increment of ¥ is smaller,
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Soil nitrates. Soil I 3— levels in the 0-5 cm zone tended to be higher

with increasing compaction but only under the high N-rate (Table 4). This

was apparent early in the study and on the last two sample dates. One
reason that soil N03' levels may have been higher could be due to the
reduced plant N use per unit area under compaction. Possibly, the aeration
was limiting for maximum root wviability. Also, compaction may have reduced
mass flow which is a significant means of soil ND3- transport (16). With
minor exceptions, soil N03_ levels were not affected at other sampling
depths due to any treatment (Table 4). Soil NOB- levels in this study

were low buﬁ within the range noted by Rieke and Ellis (17).

Soil compaction adversely altered the soil physical properties which
then reduced turfgrass quality, clipping yield, and root growth., In addition,
compaction affected plant and soil responses to N fertilization, which is a
major cultural practice on turf. The higher li-rate tended to alleviate some
of the shoot growth reductions caused by compaction. lowever, the visual
quality and clipping yield data indicate that higher N did not entirely
compensate for the compaction stress. At the same time the combination of
compaction and higher N resulted in a decline in fall root growth.

Alterations in shoot and root growth appeared to influence ¥ utilization.
Compaction caused a reduction of N-use per unit area as well as percent N
recovery of applied N. Application of higher N did appear to improve N-use
per unit area and percent N recovery of the compacted plots when compared
to the compacted treatments low N,

Data in this study would indicate that compacted turfgrass sites do not
respond to N fertilization in the same degree as uncompacted stands. Nitrogen
utilization will be less efficient and turfgrass less responsive., If N-rates
are too high, reduced rooting may occur. Compacted and uncompacted sites

should be managed with separate fertilization programs.
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Table 1. Bulk density, aeration po
retention and penetrometer resist
tions.

rosity, moisture
ance determina-

Compaction LSD (0.0S)+
Determination Ox 10z 20x C
Bulk density
(s/ce)
0-3 cm 1.07 1.18 1.20 0.08
3-6 cm 120 1.23 1«25 ns
% Moisture content by vol.
in 0=3 cm depth
0 bar 46.9 46.9 46,9 ns
-0,10 bar 34,3 34.6 35.7 1.2
-0.33 bar 32.3 32.9 34.2 1.1
%4 Aeration porosity
at =0.10 bar
0-3 em 14.1 11.6 10.6 0.4
3-6 cm 12.5 12.1 11.0 ns
Penetrometer resistance
(kg/cn2)
-0.33 bar 0.79 1.26 1.70 0.20
*c = compaction. Nitrogen rate (NR) and CxNR

responses were not significant.
responses are averaged over HR.

Thus, compaction
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Table 2. Visual quality, verdure, shoot density, clipping yield, and
total nonstructural carbohydrate (ZTNC) measurements far tall fescue,

Treatment
Low N-Rate High i-Rate LSD (0.05)7F
Determination Ox 10x 20x Ox 10x 20% C NR CxNR
Visual quality
7/20 7.2 6.3 6.2 7l 7.0 6.4 0.5 ns ns
9/ 8 6.8 6.4 6.2 7.3 6.8 6.5 Q.3 0.4 ns
10/14 6.3 6.5 6.2 T8 7.3 7.0 0.2 0.2 ns
Verdure
(5/100 cm?)
initial 28.3 - - - - - - —— -
7/27 31,0 24,0 27.3 26,9 22.1 22.9 ns ns ns
9/ 3 43,0 35,8 29,3 38.0 39.8 34.7 ns ns ns
Shoot density
(shoots/100 cm?)
9/ 8 64,2 53.3 63.3 62.5 53.7 53.7 ns ns ns
10/14 61,2 48.1 62.5 74.3 60.3 47,2 ns ns ns
Clipping yield
(2/100 cm?)
6/30-7/27 0.93 0.56 0.64 Q.93 0.77 0.86 0.11 0.09 ns
7/28-9/ 3 0.73 0.56 0.56 1.02 0.93 0.85 ns 0.14 ns
Total 1.65 1,12 1,20 1.85 1.70 1. 72 0.28 0.23 ns
b it
initial 9.4 —_— - - — - - —— -
9/3 9.5 6.9 11.2 9.1 §.0 8.5 ns ns ns

*C o= compactién, MR = nitrogen rate.



Table 3. Root weight by depth and total root weight for tall fescue,

Treatment

Low N-Rate High N-Rate LSD (0.05)7F

Determination Ox 10x 20x Ox 10x 20x% C NR CxHNR

Root weight
(ng/100 cm?)

Taken 9/3
Total 3276 2956 3136 3384 2583 2763 ns ns ns
0- 5 em 1200 1097 1234 1165 841 1028 ns ns ns
5-10 cm 539 560 650 720 524 585 ns ns ns
10-20 em 382 751 759 1007 900 708 ns ns ns
20-30 cm 655 548 493 492 318 442 s ns ns

Root weight
(mg/100 cmz)
Taken 10/14

Total 3379 3147 3383 4546 2367 3350 527 ns 745
0- 5 cm 1002 1290 1071 1685 849 1727 ns ns 637
5-10 cm 751 674 790 919 392 547 111 90 157

10-20 cm 908 741 944 1063 637 669 201 ns ns
20-30 cm 719 442 578 879 439 407 206 ns ns

*c = compaction, NR = nitrogen rate.



Table 4. Percent N in leaf tissue, li-use per unit area, percent X
recovery, and soil nitrates for tall fescue.

Treatment

Low N-Rate High l-Rate Lsp (0.05)%

Determination 0x 10x 20x Ox 10x 20x G NR CxiR

“Z N in leaf tissue
6/30 3.3 3.3 3.0 3.0 3.2 3.3 ns ns 0.3
7/ 6 3.9 4,0 3.6 4.2 4,4 4.3 ns 0.4 ns
7/14 3.8 3.7 3.6 4.1 3.9 4.0 ns 0.2 s
7/20 3.3 3,3 3.2 3.4 3.6 3.4 ns ns ns
7/27 3.2 3.5 3.3 3.5 3.9 3.8 ns 0.3 ns
8/10 3.3 3.3 3.2 3.1 3.7 3.7 ns 0.3 ns
8/18 3.5 B« 3Zub 39 3.8 3.8 ns 0.2 ns
8/26 3.7 3.9 3.9 4,2 4,1 4.6 ns 0.3 s
9/ 3 3.3 3.9 3.8 #4.d 348 3.9 ns ns ns
N—~use per unit area
(mg N used/100 cmz)
6/30-7/27 33.1 20,1 21.4 34.8 30.3 33.1 2.0 4.2  ns
7/28-9/ 3 25,1 20.1 19.7 37.7 35.2 33.2 ns 6.6 ns
Total 58.2 40,2 41.1 72.5 65.5 66,3 ns 10.4 ns
% l-recovery
(mg N used/mg N applied) x 100
Total 51.1 35.3 36.0 32,2 29.1 29,5 0.1 0.1 s
Soil Nitrates**(ppm)
0=5 em Depth
7/ 1 1.6 8.8 1.9 4.3 3.2 8.8 1.4 1.1 2.2
7/ 8 1.3 1.5 1.3 1.9 1.2 1.3 ns ns ns
7/25 2,8 2,1 1.7 8.1 4.9 9.3 ns 2.2 us
8/15 1,1 1.1 1.0 1.1 1.3 1,1 0.1 0.1  us
8/29 0.9 0.9 0.9 0.9 1.0 1.4 0.1 0,1 0.2
9/ 4 1.3 1.6 1.4 2,0 4.1 4,2 0,9 0.7 1.3

o= compaction, NR = nitrogen rate.
Frertilization dates were 6/26 and 7/23.

*Other depths sampled were 5-10, 10-15, 15-20 and 25-30 cm with few
s.d.
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APPENDIX A

Kjeldahl digestion followed the procedure outlined by ilitchell. The
digestate was then analyzed using a method modified from an Orion !Methods
Manual. The digestate from a 50 mg sample was brought to pH 12 with HaOH,

diluted to 50 ml, and then analvzed directly with an ammonium electrode.

Millivolt values were converted to percent N using a standard curve.
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Seil compaction is a problem in many turf areas. The objective of this
study was to determine the influence of soil compaction on N and water
utilization in cool season turfgrasses from water soluble and water insolu-
ble N~-carriers,

A greenhouse study subjected Lolium perenne L. 'Fennfine' to two

compaction treatments with an 11,5 kg falling weight: a) Ox - none, b) 20x -
welght was dropped 20 times from a height of 36.8 cm. Fertilization rate
treatments were 0.5 and 1.0 kg N/100 mZ, Nitrogen-carrier treatments were
water soluble N (NH4N03) and water insoluble N (IBDU).

A field study subjected Festuca arundinacea Schreb. 'Kentucky 31" to

three compaction treatments with a smooth, power roller: a) Ox - no com=-
paction, b) 10x - 10 passes a week, c¢) 20x - 20 passes a week, The turf-
grass received two fertilization treatments: a) 0.33 kg H/100 mz per
application with three applications, b) 0,75 kg N/100 m2 per application
with three applications.

Increasing compaction increased bulk density, water retention, and soil
strength while decreasing aeration porosity. Visual quality, clipping
yield, N-use per unit area, percent N recovery, evapotranspiration, and root
growth declined as compaction increased. Visual quality, clipping yield,
‘percent N in leaf tissue, total water use efficiency, and N-use per unit
area increased with increasing lN-rates while percent N recovery declined,
Clipping yield, MN-use per unit area, percent N recovery, and water use

efficiency were higher with a water soluble N=-carrier. The most detrimental

effect of compaction was on root weight at a high water soluble N application.





