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INTRODUCTION

The increasing number of golf courses and player demand for excellent playing
surfaces have prompted extensive research directed toward the improvement of putting
greens. Sand matrix root zones constitute the core of modern putting greens. Majority
opinion contends that putting greens containing only sand cannot provide the physical
environment turfgrasses require for rapid establishment and sustained high quality
under the use intensity and cultural practices of today’s putting greens. Rather, an
amendment is added to the sand to reduce its bulk density, to increase moisture
retention in the upper reaches of the root zone, and to increase the nutrient retention
of the root zone mix in order to maintain an excellent turfgrass stand.

The putting green is the area on a golf course that most influences golfer
perception of the quality of courses. Sand-matrix putting greens are expensive—
construction costs can easily approach $10, 000 per 1,000 ftZ of green and the annual
maintenance cost of a 6,000 ft2 putting green in Wisconsin can exceed $15,000. It is
in this context that choice of putting green construction materials assumes permanent
importance in the golf industry.

Through the years, the United States Golf Association (USGA) has developed
rigorous criteria for selection of sand for putting green construction. Testing of root
zone amendments occurs only indirectly. Samples of sand and organic amendments
are combined in various ratios and tested for physical properties as a means of

identifying a blend that satisfies USGA Green Section Standards. Absent from this



testing is any indication of criteria for the selection of a suitable amendment.
Consequently, the role that the amendment plays in the long-term performance and
maintenance of putting greens is not clearly defined.

The present research was conducted on an experimental putting green con-
structed in 1992/1993 for the purpose of establishing how different types of root zone
mixes affect the long-term quality of sand matrix putting greens. Treatment variables
include seven different amendments, six organic and one inorganic, and three sands.
The objectives of the research are: (1) to continue evaluation of the influences of the
amendments on the quality and fundamental characteristics of the greens, and (2) to
determine whether or not the amendments significantly influence the N, P, and K

nutrition of creeping bentgrass (A grostris palustris Huds.).

LITERATURE REVIEW
Golf putting greens can be built in many different ways. Methods ranging from
using only native soil to only pure sand have been proposed and used through the
years; some more successfully than others. In 1960, the United States Golf Associa-
tion (USGA) Green Section Staff first published specifications for the construction of

putting greens. Three revisions of the original specifications have been published,

most recently in 1993.



Putting Green Construction

Prior to World War II, putting greens were primarily constructed with soil
native to the site of the green. But as early as 1916, sand and manure were used to
amend the native soil (Hudson, 1985). Eventually, putting green root zone mixes
evolved into standard 1-1-1 (sand-soil-peat) volume ratios.

During the 1950s, a tremendous growth in the popularity of golf occurred.
Green use intensity increased accordingly and it quickly became apparent that the
construction of that time did not provide greens that could hold up to increased traffic.
Davis (1950, 1952) observed that the better greens had greater total porosity than
poorer greens, probably due to differences in compaction. As a result, he proposed
that soils be modified with coarse sands to bring the total sand content to 50%.
Garman (1952) reported that the standard 1-1-1 mix did not possess adequate perme-
ability under compacted conditions. He suggested a mix of sand, soil, and peat that
contained 8.2% clay by weight and 20% peat by volume. This mix had a permeability
of 0.8 inch per hour, a rate four times that of the 1-1-1 mix.

On the basis of the work by Davis, Garman, and other researchers in the 1950s,
the USGA established its first putting green specifications in 1960. These specifica-
tions called for a root zone mix with a minimum total porosity of 33% and a perme-
ability of between 0.5 to 1.5 inches/hour (USGA Green Section Staff, 1960). Subse-

quent revisions of the USGA Specifications followed in 1973 and 1989 (USGA Green



Section Staff, 1973, 1989). Each of the revisions resulted from new studies that
provided some of the rationale behind the revisions.

Tables 1 through 4 contain the 1993 USGA Specifications for material for
greens construction (USGA Green Section Staff, 1993). These specifications have
been and continue to be those most widely used in the golf course industry (Snow,
1993).

USGA Specifications call for four distinctive layers in an “ideal” green: the
subgrade, the overlying gravel layer, the intermediate sand layer, and the overlying root
zone mixture. Drainage tile, which is a component of these specifications, is incor-
porated into the gravel layer.

The subgrade’s purpose is to facilitate water movement to the drainage system
and does not need to conform to the proposed finished grade. The subgrade should
be established 16 to 20 inches below the proposed surface grade and should be
thoroughly compacted to prevent further settling.

Selection of gravel for the 4-inch gravel layer is based on particle size (Table
1), the recommended range being between 0.25 inch (6 mm) and 0.375 inch (9 mm).
Gravel meeting the criteria in Table 2 negates the inclusion of an intermediate sand
layer, whose purpose is to prevent migration of the root zone mix into the gravel bed.
This will not occur if the bridging factor between the gravel and the root zone mix is

satisfied.



Table 1. Particle size description of gravel and intermediate

layer materials.

Material

Description

Gravel:
Intermediate layer is used

Intermediate layer material

Not more than 10% of the
particles greater than 1/2 inch
(12 mm)

At least 65% of the particles
between 1/4 inch (6 mm) and
3/8 inch (9 mm)

Not more than 10% of the
particles less than 2 mm

At least 90% of the particles
between 1 and 4 mm




Table 2. Size recommendation for gravel when intermediate
layer is not used.

Performance factors Recommendation

Bridging factor DlS(gravel) <5x D85(root zone)
Permeability factor D, 5(gravel) 25x Dy 5(root zone)
Uniformity factors D90(gravel) / Dy 5(root zone) < 25

No particles greater than 12 mm
Not more than 10% less than 2 mm

Not more than 5% less than 1 mm




Table 3. Particle size distribution of USGA root zone mix.

Name Particle diameter Recommendation (by weight)

Fine gravel 2.0 to 3.4 mm Not more than 10% of the total particles
in this range, including a maximum of

Very coarse sand 1.0 to 2.0 mm 3% fine gravel (preferably none)

Coarse sand 0.5 to 1.0 mm Minimum of 60% of the particles must
fall in this range

Medium sand 0.25 to 0.50 mm

Fine sand 0.15 to 0.25 mm Not more than 20% of the particles
may fall within this range

Very fine sand 0.05 to 0.15 mm Not more than 5%  Total particles

in this range
Silt 0.002 to 0.05 mm  Not more than 5%  shall not

exceed 10%
Clay Less than 0.002 mm Not more than 3%




Table 4. Physical properties of the root zone mix.

Physical properties

Recommended range

Total porosity

Air-filled porosity (at 40 cm tension)
Capillary porosity (at 40 cm tension)
Saturated conductivity:

Normal range

Accelerated range

Organic matter content (by weight)

35 to 55%
15 to 30%

15 to 25%

6 to 12 inches/hour
(15 to 30 cm/hour)

12 to 24 inches/hour
(30 to 60 cm/hour)

1 to 5% (ideally 2 to 4%)




When used, the intermediate layer is spread to a uniform thickness of 2 to 4
inches over the gravel drainage blanket. The particle size specification calls for 90%
of the particles to be between 1 and 4 mm.

The 12-inch root zone mixture is predominantly sand mixed with an organic
material. The USGA Specifications have stringent requirements for the particle size
distribution of the root zone mix sand. A minimum of 60% of the particles must be
of the course or medium sand size fraction (0.25 to 1.0 mm) according to Table 3.
Recommended porosity and saturated conductivity levels for the root zone mix are also
included in these specifications.

An important objective in the design of golf putting greens is to create a root
zone that will retain sufficient plant available water to prevent the onset of moisture
stress during daytime hours. The USGA Specifiéations approach this objective in two
ways. One employs the principles of water retention in soils consisting of layers of
different textures. The second is that of amending the sand-matrix root zone with
water-retentive amendments.

Perched Water Table

Soil texture discontinuities are an important feature in USGA putting greens.
They result in “perching” of water within the root zone mix. In sports turf literature,
the term perched water table has been used to describe the effect coarse-textured layers
have on water relations of the finer soil mixture in the root zone layer (USGA Green

Section Staff, 1989). In reality, coarse-textured layers underlying finer-textured layers
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do not cause a positive water pressure and, thus, a water table to build-up above them.
Perched water table terminology is probably inappropriate (Taylor et al., 1993).

Perched water table theory revolves around unsaturated flow in soils. The role
of unsaturated flow is dependent upon the thickness of water films surrounding soil
particles; thicker water films allow faster flow rates than thinner films, due to the
differences in water potential. Where the continuity of water films is disrupted, as at
the interface between a fine-textured soil and a underlying coarse-textured soil, unsatu-
rated flow is slowed or may stop altogether. This can result in temporary perching of
water. Water does not move across the interface until the water potential in the above
soil builds to a level sufficient to overcome the attraction between the water and the
fine-textured soil.

Root Zone Mix Amendments

The USGA Specifications only define that the root zone mix include “a fibrous
organic amendment” that contains 85% or more organic matter. Amendments are
added to the sand matrix to improve plant-soil relationships and to minimize turf man-
agement problems. Extreme variability in peats and other organic amendments can
exist, which may influence the performance of a root zone mix. Waddington (1992)
states that the effectiveness of amendments depends on their individual properties, the
amount of amendment added, the properties of the soil to which they are added, and

the uniformity of mixing with the soil.

e
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Peat is the most popular organic amendment used to improve soil properties.
Bethke (1988) reported that commercial peats vary considerably in water and organic
matter contents, stage of decomposition, ash content, pH, and water retention. Fibrous
peats in any stage of decomposition are preferred over sedimentary and woody-type
peats. Amendments are normally used at rates of 5 to 20% by volume or 1 to 5% by
weight. Higher rates may alter many of the physical and chemical properties of the
root zone mixture to the point that organic matter characteristics predominate. Lucas

et al. (1965) listed the following benefits of peats:

1. Increased moisture holding capacity of sand soils;

2. Increased infiltration into fine-textured soils;

3. More friable and better aerated soils;

4. Decreased bulk density and imprbved root penetration;

5. Increased buffer capacity of soils (increased cation exchange capacity,
CEQC);

6. Increased microbial activity;

7. Serves as a slow-release source of plant nutrients;

8. Makes certain elements, such as Fe and N, more available.

By-products of the forest industry, such as sawdust and bark have also been
used to modify soils. Shepard (1978) reported that N immobilization stunted the
growth and caused discoloration of creeping bentgrass when either oak sawdust or pine

bark was added to sand. Mazur et al. (1975) reported that bark was not as stable as
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peat and deteriorated after a 13-month period. Ammoniated rice hulls and sludge com-
posts have also been used as sand amendments. Johns (1976) found no difference in
infiltration, water holding capacity, CEC, or root growth when rice hull-amended sand
was compared to sand amended with peat moss. McCoy (1992) reported that a com-
posted sludge added to sand increases saturated conductivity and available water in
proportion to the amount of sludge compost added.

Inorganic amendments such as calcined clay, vermiculite, calcined diatomites,
clinoptilolite zealite, and polyacrylamides have been marketed as soil amendments over
the years. Long-term field trials have yet to establish any of these materials as substi-
tutes for a good organic amendment. Hummel (1993) states that inorganic amend-
ments, polyacrylamides, and reinforcement materials are not recommended at this time
for use as amendments.

Assessment of Putting Green Quality

Turfgrass researchers employ a combination of visual and physical methods for
judging effects of research variables on putting green quality.
Vis S

Turgeon (1991) states that the quality of turf is a function of its utility, appear-
ance and, in the case of sports turf, its playability during the growing season. Golf
greens should provide sufficient ball-holding capacity for properly directed approach

shots and true putting to the hole from any position on the green. Standardized
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methodology for characterization of playability does not exist. Emphasis is therefore
placed on visual quality assessment.

Skogley and Sawyer (1992) state that turfgrass quality cannot be measured in
the same manner as other agricultural crops. The quality of turfgrass is not measured
by yield, color, or nutritive value of fruit or forage. Rather, quality is a measure of
aesthetic appeal, durability, density, ease of establishment and maintenance, and
perhaps, longevity or hardiness. Resistance to or tolerance of diseases and insects is
also a desirable quality of turfgrass.

The most widely used and accepted method of recording turfgrass quality data
is the visual quality rating system. The visual method of rating or scoring takes into
consideration the color, density, and uniformity of stand, or overall appeal, as judged
by an evaluator. The quality scale is generally based on values 1 to 9, with 1
representing a completely dead or dormant turfgrass stand, while 9 indicates the very
best stand possible. The top quality possible for a given species of turfgrass needs to
be fixed in the mind of the evaluator as it is upon this level that quality scoring is
based.

The most visible determinants of turfgrass quality include density, texture, uni-
formity, and color. Density is a measure of the number of aerial shoots per unit area.
The extremely high density of creeping bentgrass provides an excellent playing surface

on greens. Highest densities are obtained when greens are closely mowed (1/8 to 5/32
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inch), receive adequate amounts of fertilizer and water, and are protected from disease-
causing organisms, insects and other pests.

Texture is a measure of the width of the leaf blades. A fine-textured turfgrass,
such as creeping bentgrass, has narrow leaves. Density and texture are related in that,
as density increases, texture becomes finer.

Uniformity is an estimate of the even appearance of a turf stand. Unlike tex-
ture and density, uniformity cannot be measured accurately; it is influenced by features
such as differences in texture, density, turfgrass species composition, color and mowing
height.

Color is a measure. of the light reflected by turfgrass. Different species and
cultivars vary in color from light to very dark green. Color is the main tool golf
course managers use in deciding the frequency of fertilizer N application.

The functional quality of turfgrass is determined not only by some of the visual
characteristics already discussed, but also by other characteristics, such as rigidity,
elasticity, resiliency, yield, verdure, rooting, and recuperative capacity.

Physical Assessment

Infiltration rate is an important component of putting green quality since heavy
rainfalls or irrigation cycles are a common occurrence on golf courses. A putting
green that cannot dispose of large volumes of water in a short period of time is subject
to surface ponding, which greatly increases the chance of injury to or disease

occurrence in the turf and disrupts play. The USGA recommends an infiltration rate
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of at least 6 to 12 inches/hour on greens located in climates similar to that of
Wisconsin (USGA Green Section Staff, 1993).

The USGA has also made recommendations on preferred porosity percentages
for putting green root zone mixes. Their 1993 specifications suggested a total porosity
of 35 to 50%, comprised of an air-filled porosity of 15 to 30% and a capillary po;osity
between 15 to 25%.

The ability of a root zone mix to retain moisture at or near the soil surface is
also critical in determining putting green quality. When the root zone mix is unable
to hold enough moisture, the putting green will be prone to localized dry spot that
results in an unsatisfactory turf stand. In 1989, the USGA defined moisture retention
as the gravimetric expression of water content at a potential of -40 mb. The 1993
USGA Specifications for green construction do not list a recommended value for
moisture retention, but the 1989 specifications recommend 12 to 18% by volume.
Given that the specified depth of the root zone mix is 12 inches (30 cm), moisture
retained at -30 mb is a more realistic measure.

As indicted by the ongoing discussion, the development of putting green
specifications by the USGA focused on physical properties. The effects of different
types of construction and construction materials on turfgrass nutrition were largely

ignored.
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Amendment Effects on N, P, and K Status

Literature on the nutrient status of putting greens has been mostly limited to
research reports on amounts of nutrients needed to obtain optimum turf growth and
assessments of critical soil nutrient levels needed to avoid nutrient deficiencies.
Research on the effects of root zone amendments per se on the nutrient status of
putting greens is very much lacking.

Environmental issues, such as nitrate contamination of groundwater, have
prompted determination of the fate of nitrogen applied to putting greens. Nitrate
leaching from turfgrass sites has been proposed as a major source of nitrate
contamination of groundwater in suburban areas where turfgrass culture is the major
land use (Flipse et al., 1984).

The fate of fertilizer N applied to turfgrass has generally been studied as a
series of isolated components rather than a complete system. As Petrovic (1990)
points out, only Starr and DeRoo (1981) have attempted to study in its entirety the fate
of N applied to turfgrass. However, their results are limited to a narrow set of
conditions (i.e., cool-season turfgrass, unirrigated, sandy loam soil).

In Petrovic’s review (1990) of the fate of nitrogenous fertilizers, he reports that
the amount of fertilizer N recovered in the turfgrass (clippings, shoots, and roots)
varies from 5 to 74%, depending on factors such as N source, rate and timing of
application, species of grass, and other site-specific conditions. Sheard et al. (1985)

reported that 60% of the fertilizer N applied in the form of urea was recovered in the
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season long clippings of a ‘Pencross’ creeping bentgrass green grown on an
unamended sand putting green when fertilized at a N rate of 240 to 287 kg/ha/yr.

Petrovic (1990) also reported that the extent of NOj™ leaching from N
fertilization of a turfgrass site is highly variable. Some researchers have reported littie
or no leaching, whereas others have suggested that as high as 80% of the fertilizer N
applied maybe leached as NO3™ (Nelson et al., 1980). Sheard et al. (1985) observed
that creeping bentgrass sand greens lost only 1.2 to 2.0% of applied N in the drainage
water (N rate of 242 to 390 kg/ha/yr). Brown et al. (1982) noted that 22% of NHy-
NO,-N leached as NO,-N in the drainage water when N was applied in February at
103 kg/ha (three times the normal rate for bermuda grass greens in Texas). Factors
cited as influencing the degree of leaching included soil type, irrigation, N source, N
rates, and season of application.

Researchers in Germany (Hardt et al., 1993) measured leachate N on a peat-
amended putting green seeded to a blend of fine fescues and bentgrasses. They
reported that the highest value of N recovery in drainage water was 13%. This

2yr'1 (more than twice of what is

occurred when fertilized at the rate of 80 g N m”
currently applied on German golf courses). At average German golf course fertiliza-
tion rates of 20 and 40 g N m'2yr'1 (200 and 400 kg/ha/yr), the researcher reported
very low levels of leachate that did not contain significant amounts of nitrate.

Literature pertaining to the P and K status of amended sand-based creeping

bentgrass putting greens is almost non-existent. Much of the nutrient research on
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creeping bentgrass putting greens has been carried out on straight sand putting greens
and not amended root zone mixes. Paul (1981) reported that 3 ppm of bicarbonate-
extractable P in straight sand was the critical level for growth of creeping bentgrass.
Christians et al. (1979) demonstrated that P was not limiting to bentgrass growth or
quality at 2 ppm Bray-1 P. The level of soil P in which no further increases in levels
of tissue P was observed was a Bray-1 P level of 24 ppm (Waddington et al., 1978).

Average tissue levels of K for creeping bentgrass was reported (Waddington
and Zimmerman, 1972) to be 38.6 g/kg. They found the average tissue P for creeping
bentgrass to be 7.6 g/kg. Jones (1980) suggested nutrient content sufficiency ranges
for turfgrass. The ranges proposed for N, P, and K were 27.5 to 36.0, 3.0 to 5.5, and
10.0 to 25.0 g/kg, respectively. Turner and Hummel (1992) note that wide ranges in
tissue N, P, and K levels have been reported and reflect differences in turfgrass species
and cultivars.

The ultimate goal of this project is to establish criteria for the selection of
amendments for blending with sand to create root zone mixes for golf putting greens.
The project consists of laboratory, greenhouse, and field studies. Results of the labora-
tory characterizations of a wide array of organic amendments, their performance in
simulated greens in the greenhouse, and the establishment year performance of putting
greens constructed at the O.J. Noer Turfgrass Research and Education Facility will be

presented in a companion thesis.
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The objectives of the present phase of the study were: (1) To continue field
assessment of various root zone amendment effects on putting green quality and the
factors involved in determining putting green quality and (2) to determine amendment

effects on the status of N, P, and K in root zone mixes.

METHODS

The golf putting green used in this research consists of 10 treatments (different
root zone mixes) replicated four times in a randomized complete block design.
Individual plots are 8 x 8 foot cells isolated by 6-mil plastic sheeting and containing
observation wells for measurement of soil moisture and root development. After com-
pletion of construction in May 1993, the plots were seeded to ‘Pencross’ creeping
bentgrass (A grostris palustris Huds.).

Most of the root zone mixes containing an amendment were blended on a 80/20
(80% sand, 20% amendment) volume basis. The quantity of fermented rice hulls avail-
able at the time of mixing limited the ratio of this root zone mix to 83/17. Addi-
tionally, financial considerations limited the blending of the Isolite amendment to the
top 6 inches of the 12-inch root zone mix, where blending was on a 80/20 basis. The
10 treatments and their basic physical properties determined according to USGA
protocols are shown in Table 5. Characteristics of the six root zone amendments
appear in Table 6, and the particle size distributions of the three sands in Table 7. The

Greensmix and Lycon sands meet USGA Specifications, while the WPL sand, that




Table 5.

Laboratory measures of bulk density, porosity, and saturated conductivity (Ksat) of compacted root

zone mixes.
Porosity
Bulk
Sand Amendment density Total Capillary Non-capillaryt Ksat
g cm™ -- I in hr'!
Greensmix  Canadian sphagnum 1.45 453 15.6 24.7 325
Michigan sphagnum 148 44.2 13.9 30.3 40.7
Reed sedge peat 1.57 40.8 15.4 254 14.0
Wisconsin peat 1.59 40.0 11.0 29.0 31.3
Iowa peat 1.61 39.2 16.5 22.7 10.5
Fermented rice hulls 1.62 38.9 7.2 31.7 414
Isolite 1.55 41.5 13.2 28.3 38.2
WPL Canadian sphagnum 1.20 54.7 46.0 8.7 1.6
Lycon Canadian sphagnum 1.50 434 17.4 26.0 252
Greensmix  None 1.74 343 4.9 294 41.7

t At 40-cm tension.

0¢



Table 6. Characteristics of organic amendments used in putting green root zone mixes.

H2O retention

Organic Total HMP Bulk Salt CEC
amendment ash fiberf By volume By weight  C:N ratio density pH pH 7
Do ---m--mmmemmmmmnnman g cm™ cmol(+)kg!
Canadian 6.65 76.6 52.1 464 549 0.13 4.0 116
sphagnum peat
Michigan 545 80.9 525 392 535 0.13 29 141
sphagnum peat
Reed sedge peat 154 51.2 59.8 279 53.0 0.21 6.2 121
Wisconsin peat 16.9 74.7 32.8 432 50.0 0.18 33 74.6
Iowa peat 356 317 43.6 254 16.7 0.29 55 872
Fermented rice hulls 23.4 833 65.6 138 104 0.23 49 23.6

1 Hexametaphosphate pre-treatment.

T¢C



Table 7. Particle. size distributions of sands used in putting green root
Zone mixes.
Particle Particle size Greensmix  Lycon WPL
size range designation sand sand sand
mm  mmememeeeeeee % by weight ----------
> 2.0 Gravel < 0.1 0 2.7
20to 1.0 Very coarse sand 5.0 48 13.7
1.0 to 0.5 Coarse sand 49.6 225 13.6
0.5 to 0.25 Medium sand 44.7 54.0 16.4
0.25 to 0.125 Fine sand 0.8 18.1 26.6
0.125 to 0.05 Very fine sand 0 04 15.6
< 0.05 Silt plus clay 0 0.2 114
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sieved from coal-fired electrical plant bottom ash, does not. The WPL sand contains
nearly equal amounts of material in all of the sand fractions. The particle size distri-
bution of the gravel used as a sub-layer in the construction of the green used for the
present study appears in Table 8.

Coefficients were calculated for USGA recommended performance factors using
the size distributions of the sand and gravel used to build the putting green. The pea
gravel used in this study as a sub-grade layer met all three of the performance factors
specified by the USGA in Table 2, even when the WPL sand was used in the root
zone mix. The Greensmix and Lycon sands met the USGA’s recommendation for
maximum gradation index of <6.67 and for a uniformity coefficient of <2.65. The
WPL sand, with a maximum gradation index of 30.29 and a uniformity coefficient of
6.55, did not satisfy these criteria.

Routine Measurements and Management Practices

Observations made in 1994 and 1995 included weekly turfgrass quality ratings
of the ten treatments, three measures of moisture retention per year, and annual deter-
mination of water infiltration rates. In 1995, quality ratings for trafficked and untraf-
ficked conditions were recorded after half of each individual green was subjected to
simulated traffic through the use of a roller outfitted with golf shoe spikes. Based on
the numbers of spikes on the rollers and a typical golf shoe, one pass with the traffic

simulator equates to about 40 rounds of golf.
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Table 8. Particle size distribution of gravel used in subgrade.

Particle size range Gravel used in study
mm % by weight

>95 0

9.5t0 6.3 29.7

6.3 to 4.75 63.1

4.75 to 3.35 6.5

335t02.00 . 04

< 2.00 03
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Root zone moisture measurements were made at 2-, 4-, 6-, 8-, and 10-inch (5-,
10-, 15-, 20-, and 25-cm) depths through the use of a time-domain reflectometer (TDR)
unit. By measuring the time required for a pulsed wave to travel down and back a
wave guide, the cable-tester instrument is able to measure the apparent dielectric con-
stant. This constant is related to the volumetric water content through the use of an

empirical equation (Topp et al., 1980):

9 = -5.3E-02 + 2.92E-02Ka - 5.5E-04KaZ + 4.3E-06Ka>

where 0 is the volumetric water content and Ka is the apparent dielectric constant.
Infiltration rates were determined using a single 3.75-inch (9.53-cm) diameter
cup cutter driven into the putting green surface to a depth of approximately 2 inches.
Water to a depth of 1.5 inches was maintained in the cylindrical core cutter with a
Marriot bottle and fitted with a buret that, through calibration, permitted observation
of the volume of water infiltrating the soil. On any given occasion, the infiltration rate
of a particular root zone mix is high initially and falls with time until a fairly constant
value is reached. Madison (1971) states this value is usually reached within 30
minutes of the start of infiltration. In the present study, measurements were continued
until successive infiltration rates were within 0.5 inch/hour of one another. The time

required ranged from 30 minutes to 2 hours.
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Routine management practices consisted of mowing six times a week at 5/32
inch (8 mm). The greens were on a preventative fungicide application program and
irrigated regularly to prevent moisture stress. The entire green was topdressed with
pure sand seven times in 1995 and four times in 1994. The green was aerified for the
first time in September 1995 with 3/4-inch hollow tines. Plugs were removed and the
green was subsequently topdressed with pure sand. Selected plots with extensive
localized dry spot were treated monthly with Naiad, a wetting agent, and topdressed
with Profile, a porous ceramic material, following core cultivation in 1995.

Urea, 15-0-30, 18-4-10, 11-32-0, and 0-0-50 fertilizers were rotationally applied
over the two years of this study. Fertilization rates for 1994 and 1995, respectively,
were 3.4 and 3.8 1b N, 0.8 and 1.5 1b P205, and 2.5 and 3.1 1b K20/1000 ft2 M).
Frequency of fertilization was guided by bentgrass color. Additionally, 1 1b N/M as
Milorganite was applied in November 1995.

Nutrient Analyses

Chemical measurements made during 1994 included bentgrass clipping nutrient
content, and soil organic matter, pH, P and K levels. In 1995, cation exchange
capacity (CEC), exchangeable cations and solution K, and labile P levels were
measured as well. Five sets of creeping bentgrass clippings were collected and
analyzed for nutrient content in 1995.

Tissue contents of nutrients other than N were measured by way of plasma

emission spectrophotometry. Cation exchange capacity was determined in duplicate
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samples using 1 M NH,4CI (pH 7.0), methanol and 1 M KCl in a modification of the
leaching tube method described by Gillman et al. (1983). Available P and K were
determined in Bray-1 extracts by way of colorimetry and flame photometry, respec-
tively (Liegel et al., 1980). Available P was also determined in Bray-2 extracts by
way of colorimetry (Liegel et al., 1980). Soil samples taken in May 1994 to a depth
of 6 inches were analyzed for pH, % organic matter, Bray-1 P, and K. Soil samples
were taken in October 1994 at 0 to 2, 2 to 4, 4 to 6, and 6 to 8 inches and analyzed
for pH, Bray-1 P, Bray-2 P, and K.

The 1994 soil samples were also analyzed for DTPA-extractable (Lindsay and
Norvell, 1969) Fe, Zn, Cu, and Mn.

Nitrogen Recovery

Mini-plots were created for the purpose of determining root zone amendment
effects on short-term fertilizer uptake by the creeping bentgrass. Steel frames (22 x
22 x 6 inches) were installed on each of the replicate greens containing the six organic
amendments. The frames were installed to facilitate the collection of clippings by
matching the width of the frames to that of the mower. Low-tension lysimeters were
then installed at 8- and 12-inch depths in order to track fertilizer nitrogen. The
lysimeters were constructed of 4-inch diameter plastic funnels in which a plastic disc
was glued to the top surface opening. Fiberglass wicking ran through 3/4-inch circular
opening in the disc and continued through the funnel and the connecting Tygon tubing.

The tubing was directed to 1-L plastic bottles, where the leachate was collected. The
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total length of the fiberglass wick was 15 cm. On July 10, 1995, 0.5 1b N/M was
applied as 15N depleted ammonium sulfate. The lysimeters were pumped and leachate
collected about every 4 days. Clippings were collected daily for 3 weeks, and subse-
quently weighed and analyzed for total nitrogen concentration and 15N content.

Soil samples from the six organic amendments treatments were collected prior
to and at the conclusion of the study and analyzed by way of the Kjeldahl method for
organic and inorganic N. Crown and stem material was separated from the roots and
subsequently weighed and analyzed for N content via the Kjeldahl procedure. Water
inputs (rainfall + irrigation) were measured on a daily basis throughout the course of
the study on each individual replicate green to quantify differences in water applied
via the irrigation system.

Phosphorus Nutrition

Measures of solution and labile P provided the basis for assessing the effects
of root zone amendments on bentgrass P nutrition. Labile P levels of the root zone
mixes were measured using iron oxide impregnated filter paper (Ransome, 1989).
After a 24-hour equilibrium period, labile P was determined for root zone mix samples
previously treated with 0, 10, 20, 40, or 80 mg kg'1 of P applied as KH,PO,.
Solution P was estimated using Sr(NO5), as the extractant (Wietholter, 1983).

Syringes were filled with 10.0-g (O.D.) samples of each of the 10 root zone
mixes and 10 mL of KH,PO, was added successively in the amounts of 0, 0.1, 0.2,

and 0.3 mg P L1 to examine the relationship between soil Bray-1 P and solution P
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levels. After a 24-hour equilibrium period, 10 mL of distilled water was added to each
of the syringes and the Bray-1 extract was used to measure soil P.
Potassium Nutrition

Duplicate 50.0-g (O.D.) samples of root zone mix were placed into each of
three syringes. Leaching was as follows: Syringe 1 was leached with 3 x 25 mL of
0.004 M Sr(NO3),; Syringe 2 with 5 mL 350 mg/kg of K as KH,PO, followed by
3 x 25 mL 0.004 M Sr(NO3),; and Syringe 3 with 5 mL 700 mg/kg K followed by
3 x 25 mL 0.004 M Sr(NO3),. Duplicate 10.0-g (O.D.) samples were weighed from
each leached sample and placed into syringes. One syringe was leached with 25 mL
1 N NH,OAc (pH 7.0) to extract exchangeable K. The other syringe was leached with
25 mL 0.004 M Sr(NO3)2 to obtain an estimate of solution K. All K analyses were
by way of flame photometry.

All statistical analysis performed in this study were by way of CoStat Version

3.0 (CoHort Software, P.O. Box 19272, Minneapolis, MN 53419).

RESULTS AND DISCUSSION
Quality ratings taken during 1994 and 1995 and corresponding day of year are
shown in Appendix Tables A-1 through A-3. These visual ratings incorporate the
color, density, and uniformity of the creeping bentgrass. Means of the 1994 and 1995

quality ratings are given in Table 9.
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Table 9. Putting green quality rating means for 1994 and 1995.
1995 Paired T-test
(traffic of 1995 means 7

Sand Amendment 1994 1995 impesed) (p = 0.05)
Greensmix Canadian 798 8.03 7.73 NS £

Michigan 7.89 8.12 7.78 0.26

Reed sedge 8.00 8.19 7.80 022

Wisconsin 796 8.23 7.95 0.10

Iowa 8.11 8.27 7.96 0.26

Rice hulls 6.15 7.63 7.48 NS

Isolite 675 17.73 7.43 NS
Greensmix ~ None 689 7.82 7.6l 0.12
WPL Canadian 7.89 8.11 7.83 0.29
Lycon Canadian 8.02 8.14 7.76 NS
Duncan’s LSD
(p = 0.05) 029 024 0.36

+ Traffic vs. no traffic.

1 NS = not significant.
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Season means (Table 9), as well as weekly quality ratings for 1994 (Table A-1),
show that the fermented rice hull, Isolite, and pure sand treatments were significantly
lower in quality than the seven remaining treatments. Statistical examination revealed
that there were no significant differences among the five peat treatments even though
the Iowa and Wisconsin peats do not meet the USGA standard of containing more than
85% organic matter. In fact, the Iowa peat contains only 64% organic matter (Table
6).

Quality ratings for selected treatments during the 1994 season are shown in
Figures 1 and 2. Figure 1 shows the ratings for the Iowa peat treatment, the organic
amendment with the highest season mean quality ratings, the ratings for the pure sand
green and for fermented rice hulls, the green with the lowest mean quality ratings.
After about May 20, the Wisconsin peat green had consistently higher quality ratings.
The gradual rise in the quality ratings for the fermented rice hulls and pure sand greens
reflects greater uniformity in the bentgrass stand as a result of spring overseeding and
intensive use of a wetting agent on the rice hull green. Although the WPL sand does
not meet USGA standards, quality ratings for the treatment did not significantly differ
from those of the Greensmix and Lycon sand greens (Fig. 3)

The 1995 quality ratings continued to show some of the same trends that were
observed in 1994. Quality of the fermented rice hull, Isolite, and pure sand greens
continued to be significantly lower throughout the 1995 growing season than for the

remaining seven treatments. The Iowa peat and Wisconsin peat greens continued to
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produce excellent quality turfgrass, and, in fact, were the two highest rated treatments
during the majority of the growing season.

Quality ratings in 1995 for the same three treatments in Figure 1 appear in
Figure 2. The root zone mix containing fermented rice hulls had the lowest mean
quality rating among the 10 different treatments in 1995. The gradual increase in the
quality ratings for rice hull treatment in early summer appears to coincide with the
institution of a wetting agent application program which began in early June in an
attempt to overcome the presence of localized dry spot (LDS).

The Canadian sphagnum peat treatment did not perform as well in 1995 when
compared to the other peat amendments. For example, on day 246 (September 3), the
Canadian sphagnum peat treatment ranked seventh out of 10 treatments, with a quality
rating of only 7.95, compared to the highest rating of 8.38 that the Iowa peat treatment
received (Table A-2). This occurrence is of interest since Canadian sphagnum peat is
considered to be the premier organic amendment by the golf course industry. Part of
the explanation for the decreased quality of this treatment can be attributed to the
development of LDS on one of the replicated greens. In the course of investigating
amendment influence on fertilizer N fate, water inputs were measured on a daily basis.
During a 14-day period without rain, daily temperatures in excess of 85°F and strong,
southerly winds, one of the Canadian peat plots received only an average of 32% of
the 0.25 inch of irrigation water being applied. This led to dry-down of the plot and,

in a matter of only 3 days , the appearance of severe LDS. This, in turn, significantly
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reduced moisture retention in the root zone (Fig. 4). This phenomenon persisted for
the remainder of the 1995 season and the quality ratings reflect this occurrence. Elim-
inating the Canadian sphagnum peat replicate suffering from extensive LDS resulted
in the mean quality rating increasing from 8.03 to 8.14 for 1995. This increased its
ranking form seventh to fifth.

Trafficking by a roller outfitted with metal golf shoe spikes was instituted in
1995 in an attempt to realistically simulate the effects of mowing equipment and golfer
traffic on quality. One-half of each of the plots was subjected to traffic. This proce-
dure facilitated side-by-side comparison of trafficked and non-trafficked quality on the
individual plots. Quality ratings dropped by an average of 3.4% among the 10 treat-
ments. A paired T-test of quality ratings with and without trafficking revealed that
only the four treatments with lowest mean quality ratings (Canadian peat, rice hulls,
Isolite, and pure sand) did not have statistically significant lower quality ratings when
trafficking was imposed (Table 9).

Table A-4 shows the number of simulated golf rounds and the date on which
these rounds were imposed during 1995. Although a total of only 6,520 simulated
rounds of golf were imposed, and it is commonplace for golf courses to have between
20,000 and 40,000 rounds played each year, there was a definite decline in quality
between trafficked and untrafficked areas. Because the traffic was imposed in a very
short time frame (less than 1 hour), this high intensity made up for a deficit of total

rounds because rounds on a golf course are spread out over time periods as long as 14
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Figure 4. Effect of excessive drying on the subsequent moisture retention by a
root zone mix constructed with Canadian sphagnum peat.
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or 15 hours per day. The most significant result of imposing traffic in 1995 was the
development of an extensive surface algal layer that persisted throughout the season,
even after trafficking ceased in early August. The untrafficked portions of the plots
also experienced algae, but not nearly to the extent of the trafficked areas.

Table 10 contains observations of percentage algal coverage, LDS, and the
presence of turf thinning on day 225 (August 13). Surface compaction and its accom-
panying increase in surface wetness had a dramatic effect on the amount of algae
growth. Without traffic, algal growth was evident on 3 to 32% of the total area of the
individual plots, the actual amount depending on the root zone mix composition.
These percentages increased dramatically as a result of trafficking—to as much as 92%
coverage with algae for the Isolite root zone mix. It is important to point out that
these plots are in full sunlight and not tucked in a shaded area. Algal growth was
lowest on the WPL sand treatment, perhaps due to the fact that this root zone mix has
a pH of about 8.6. Treatment means for pH over three sampling dates can be found
in Table A-5. Explanations for differences in algal coverage for the other treatments
are not readily apparent as a relationship between percent moisture retention in the top
2 inches of the root zone mixes and the appearance of algae was not observed.

Localized dry spot (LDS), which appears as irregularly shaped areas of wilted
or dead turfgrass, was a problem with the rice hull, Isolite, and straight sand greens.
Localized drying in the Canadian peat treatment was on but one of the four replica-

tions and, as pointed out previously, arose from a set of unique circumstances. Miller
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Table 10. Root zone mix effects on the presence of algae, localized dry spot
(LDS) and turf thinning.

Algae coverage

Root zone mix No traffic Traffic LDS thirxf:;rfg
%
Canadian peat 3 66 Yes Yes
Michigan peat 18 69 No Yes
Reed sedge peat 6 50 No Yes
Wisconsin peat 7 49 No Yes
Iowa peat 6 69 No Yes
Rice hulls 8 65 Yes No
Isolite 32 96 Yes Yes
WPL sand 4 48 No No
Lycon sand 10 69 No Yes
Pure sand 7 61 Yes Yes

Duncan’s LSD
(p = 0.05) 15 34




40

and Wilkenson (1979), Tan (1982), and Tucker et al. (1990) suggest an organic coating
similar to fulvic acid on sand particles as a possible explanation for the occurrence of
LDS.

Thinning of the ‘Pencross’ creeping bentgrass greens as a result of algae
invasion occurred in isolated areas on all but the rice hull and WPL sand treatments.
No attempt was made to quantify the relationship between the area of the greens
invaded by algae and turf thinning.

Volumetric Moisture Retention

Average volumetric moisture measurements for 1994 and 1995 are shown in
Tables 11 and 12. These measurements were obtained through the use of time-domain
reflectometry and represent the average amount of moisture retained across the five
depths (2, 4, 6, 8 and 10 inches) measured for each individual green. Treatment and
depth volumetric means for all six measurements taken over the course of 1994 and
1995 are found in Tables A-6 and A-7, respectively. All 10 treatments retained less
moisture in 1995 than in 1994. Possibilities for this occurrence include time of
measurement after irrigation, amendment decomposition, sand topdressing, and loss of
organic matter, at least near the putting green surface. Soil analyses of the top 4
inches of root zone mix in 1993 revealed the presence of an average of 1.3% organic
matter (OM). By August 1995, this percentage dropped to 0.8 (Table 13). This

reduction may be due in part to repeated topdressing with pure sand. By April 1996,
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Table 11. Root zone volumetric moisture means for 1994.
Root zone mix June 10 June 20 July 15 Mean = SD
% volume

Canadian peat 19.86 18.19 16.11 18.1 +7.0
Michigan peat 18.93 16.93 14.48 16.8 +2.2
Reed sedge peat 20.52 19.84 17.15 19.1 £ 1.8
Wisconsin peat 18.19 16.86 14.75 166 £ 1.7
Iowa peat 19.86 19.46 17.58 190+ 1.2
Rice hulls 13.62 12.15 10.59 121 215
Isolite 17.23 15.86 14.08 157+ 1.6
WPL sand 39.33 38.59 34.18 379+ 28
Lycon sand 24.87 2339 21.37 232 +18
Pure sand 18.08 16.36 14.04 162 +2.0

Duncan’s LSD
(p = 0.05) 2.26 2.01 2.38
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Table 12. Root zone volumetric moisture means for 1995.
Root zone mix June 1 July 15 Aug. 28 Mean + SD
% volume

Canadian peat 11.77 14.28 15.14 137+ 1.8
Michigan peat 11.74 15.04 11.47 127 £ 2.0
Reed sedge peat 14.04 17.81 1691 162 £2.0
Wisconsin peat 10.83 15.07 12.89 129 £ 2.1
Iowa peat 14.34 18.25 16.62 164 +2.0
Rice hulls 8.33 9.79 . 893 9.0 +0.7
Isolite 11.21 12.93 9.96 103+15
WPL sand 30.62 34.65 34.66 333+23
Lycon sand 17.17 20.65 18.22 187+ 18
Pure sand 10.84 13.17 11.03 1.7+ 1.3

Duncan’s LSD
(p = 0.05) 2.02 245 2.73
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Table 13. Changes in root zone mix organic matter percentages.

Oct. 1993 May 1994 Aug. 1995  April 1996
Root zone mix 0 to 3 inches O to 6 inches 0 to 4 inches O to 4 inches

% organic matter

Canadian peat 1.6 0.7 0.7 1.1
Michigan peat 1.2 0.7 0.7 1.0
Reed sedge peat 0.6 1.0 09 1.2
Wisconsin peat 1.1 0.8 0.6 0.8
Iowa peat 1.8 1.2 1.5 1.5
Rice hulls 13 0.6 0.6 0.6
Isolite 0.1 03  NDt 0.3
WPL sand 1.8 1.9 ND 1.6
Lycon sand 12 0.8 ND 0.7
Pure sand 05 0.2 ND 0.2

Duncan’s LSD
(p = 0.05) 0.6 0.2 03 0.2

t ND signifies not determined.
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the depth of sand topdressing was approximately 1 inch. This alone could account for
a reduction in OM in the top 4 inches from 1.3 to 1.0%.

There was a strong relationship between water retained and average quality
ratings in 1994 and 1995 (Fig. 5 and 6). The treatment containing WPL sand deviated
from this linear relationship in both 1994 and 1995. The presence of 11.4% fine-sized
particles within this sand resulted in this root zone mix being able to retain much
larger amounts of water than the nine remaining treatments (Table 7). Excluding the
WPL treatment, the Iowa peat mix retained the highest amount of water and had the
highest quality ratings. The Isolite, fermented rice hulls, and pure sand greens
continued to hold the least amounts of water in 1995. Their continually lower quality
ratings reflect their inability to hold enough moisture to produce a high-quality putting
green. Not surprisingly, these were also the gfeens most prone to development of
LDS.

Imposing traffic on the green caused even more moisture to be retained in the
top 4 inches of the root zone mixes (Fig. 7), even though average moisture retention
through the root zone as a whole declined. This occurrence may help explain the
development of the extensive algal layer as an appropriate environment was clearly
present. Algae, being phototropic, can only thrive on or near the soil surface. Algae
persistence therefore requires a nearly continually moist soil surface. Unlike the Iowa

peat treatment, the water retention at greater depths of the Isolite root zone mix
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decreased after the imposition of trafficking, although water retention in the top 5
inches of the root zone mix increased (Fig. 7).

Root zone mix organic matter content proved to be a good indicator (R2 =
0.819) of volumetric moisture retention (Fig. 8). As would be expected, the curvi-
linear relationship suggests that the higher the root zone organic matter, the higher the
amount of moisture retention. Amendment fiber content was also a good indicator of
volumetric moisture retention (Fig. 9). This is evidenced by comparing the root zone
mixes prepared with Canadian sphagnum peat and Jowa peat. The Canadian peat con-
tains nearly 77% fiber and the Iowa peat 32% fiber. Their respective levels of mois-
ture retention (Table 12) were 13.7 and 16.4%. A highly significant negative correla-
tion (R2 = 0.963) existed between root zone mix organic matter and amendment fiber
content (Fig. 10). This strong relationship may be due to the fact that as fiber content
increases, bulk density of organic amendment decreases, resulting in less organic
matter being added on a mass basis to the root zone mix when blended on a volume
basis (Table 6).

Evidence for the “perched water table” in USGA golf putting greens is apparent
in the root zone moisture contents at the five depths of measurements (Table 14). On
average, volumetric moisture contents at the 2-, 4-, 6-, 8-, and 10-inch depths were
13.6, 13.5, 14.7, 16.7, and 19.6%, respectively. Thus, moisture retention at 6 inches
was 8.1%, greater than at 2 inches. The increase averaged 22.8 and 44.1%,

respectively, at the 8- and 10-inch depths.
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Table 14. Volumetric moisture for 1995, averaged by depth for

all ten root zone mixes.

Depth June 1 July 10 August 28
inches % volume

2 12.1 152 134

4 123 145 136

6 134 15.9 14.9

8 15.1 18.2 16.8

10 175 22.1 19.2
Duncan’s
LSD 1.4 1.7 1.9
(p=0.05)

T Depth of time-domain reflectometer (TDR) probe.
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Infiltration Rate
Putting green infiltration rates for 1994 and 1995 are presented in Table 15.
With the exception of the WPL sand green, all infiltration rates declined from 1994 to
1995. Some of the treatments experienced as much as a four-fold reduction in
infiltration rate. This dramatic reduction in infiltration rates can be attributed to the
green’s continuing maturation as well as surface compaction due to trafficking.
Although 1995 infiltration rates were substantially lower than 1994, only the Isolite
treatment (5.1 inches/hour) did not meet the USGA’s recommendation of 6 to 12
inches/hour for our climate. No ponding of water, which is the major concern of low
infiltration rates, has ever been observed on any of the treatments, even after a heavy
rain or irrigation cycle. The low infiltration rates measured on the WPL sand green
in 1994 and 1995 were expected, since this sand does not meet USGA specifications.
Its particle size distribution is roughly equal across all size fractions (Table 7), a factor
that results in reduced porosity and favors compaction.
Rooting Depth
Rooting depth was examined as a possible factor affecting putting green quality.
However, with the exception of the WPL sand treatment, all of the treatments had
creeping bentgrass roots that extended through the full 12 inches of the root zone mix.
The fact that the WPL sand contains 11.4% silt and clay-sized particles (Table 7) and

that water retention became greater at the 8- rather than the 10-inch depth (Table A-6),
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Table 15. Putting green infiltration rates for 1994 and 1995.

Root zone mix 1994 mean + SD 1995 mean = SD

inches/hour -------e-ecmmmeeen
Canadian peat 266 +24 148 £9.2
Michigan peat 339+74 94 + 3.6
Reed sedge peat 247 £ 2.7 129 £ 59
Wisconsin peat 33.8 £10.2 7.8 +49
Iowa peat 161 £ 1.0 13.1 £6.5
Rice hulls 362 +69 164 + 6.0
Isolite 27.8 £2.7 51+13
WPL sand 71x14 76 £39
Lycon sand 320+ 76 113+54
Pure sand 422 x 8.1 22.1 £ 11.1
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suggests that particle migration and accumulation occurred above the perched water.
This could account for the restricted root development observed at that depth.
Root Zone Amendment Effects on N

Bentgrass clipping N data for the 1994 and 1995 sampling dates, as well as
yearly averages, are presented in Table 16. Fertilizer nitrogen applications are found
at the bottom of the table for reference purposes. Lower average percent N levels for
1995 than 1994 are attributed to differences in the proximity of sampling in relation
to fertilizer application. Although statistical differences for clipping percent N exist
for each individual sampling date, there was not one treatment in which the percent N
in the creeping bentgrass clippings consistently exceeded that of the other treatments.
Hence, any differences in clipping percent N for these seven amendment treatments
were not apparent. This is believed to be a result of the practice of making light,
frequent applications of N fertilizers, to avoid surges in top growth. Timing of N
fertilizer applications for both years was based on need indicated by bentgrass color.
Fertilizer ve

During the 28 days following application of 0.5 1b N/M as 5N depleted
ammonium sulfate, significantly more clippings were removed from the reed sedge and
Towa peat greens than from the Canadian peat greens (Table 17). One reason for
these differences in growth may be due to the fact that the reed sedge and Iowa peat

root zone mixes retain 19% more moisture than does the Canadian peat mix (Table

12).
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Table 16. Root zone mix influences on bentgrass clipping N concentrations in
1994 and 1995.

1994 1995
Root zone mix 6/6 75 829 6/12  6/26 7/10 7/24 8/28
% N
Canadian peat 397 409 449 343 359 367 366 421
Michigan peat 391 393 452 306 338 365 355 423
Reed sedge peat 387 4.08 451 328 326 370 361 4.15
Wisconsin peat 392 395 463 352 355 381 378 4.13
Iowa peat 4.00 423 4.8 327 359 363 372 442
Rice hulls 380 3.89 435 348 351 384 370 4.15
Isolite 386 4.08 433 329 338 365 331 402
WPL sand 370 380 449 330 334 358 340 399
Lycon sand 414 399 457 305 349 358 353 4.14
Pure sand 383 405 4385 343 348 362 334 4.01
Duncan’s LSD
(p=0.05) 028 026 037 035 024 019 027 024
Fertilizer N Fertilizer N

Date application, Ib N/M  Date application, 1b N/M

5/3/94 0.50 4/22/95 0.50

6/1/94 0.50 5/22/95 0.33

6/27/94 0.20 6/2/95 1.00

7/12/94 0.20 7/7/195 0.50

7/27/94 0.50 8/9/95 0.50

8/8/94 0.50 9/8/95 0.50

8/30/94 0.50 10/9/95 0.50

9/25/94 0.50 11/6/95 1.00




Table 17.

Short-term amendment effects on bentgrass responses over 28 days to a

July-10th application of 0.5 Ib N/M as SN depleted ammonium sulfate.

Root zone Clipping Total N Fertilizer Fertilizer
amendment weight N taken up N taken up N recovered
BMx100 % e Ib/Mx 100 --eemee %

Canadian

sphagnum peat 0.47 441 7.00 1.10 16.95
Michigan

sphagnum peat 0.49 4.49 7.38 1.39 20.10
Reed sedge peat 0.55 451 8.37 1.46 18.82
Wisconsin peat 0.52 4.58 7.93 1.42 19.09
[owa peat 0.54 4.50 8.25 1.44 19.13
Rice hulls 0.50 438 7.32 1.38 20.11
Duncan’s LSD 0.07 0.07 0.67 0.12 0.71

(p = 0.05)

LS
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There was a weak (non-significant) dependency (R2 = 0.570) of clipping N
concentration on clipping weights. A stronger relationship was not expected during
this time of year due to temperature moderation of bentgrass growth rates. During the
28-day test period, maximum daily air temperatures ranged from 78.7 to 96.5°F and
had a mean of 81.4°F. Bentgrass growth rates are noticeably suppressed at air temper-
atures above 75°F. Temperature stress days, calculated as maximum daily temperature
above 75°F, totaled 290 over the 28-day period.

Fertilizer N recoveries in the bentgrass clippings ranged from 16.95 to 20.11%
(Table 17). Recovery of fertilizer N was significantly lower for the Canadian peat root
zone mix than for all others. This is understandable given that this treatment had the
lowest clipping weight and one of the two lowest clipping N concentrations.

Although leachates collected at the 8- ﬁnd 12-inch depths of the root zone
mixes contained undetectable amounts of 15y, nitrogen mobility did appear to play a
significant role in fertilizer N recovery. Nitrogen mobility, herein, expressed as the Ib
N/M/inch of leachate collected at the 8-inch depth (Table 18) was implicated as a
major contributor to treatment effects on fertilizer N recovery (Fig. 11). The greater
the mobility of N, the lower the fertilizer N recovery values.

Because bentgrass roots extended throughout the 12-inch depth of the root zone
mixes, the N leaching to the 8-inch depth was still positionally accessible for uptake.
Studies on bentgrass rooting have repeatedly shown that 90% or more of the roots

reside in the top 4 inches or so of the soil. Thus, while N is still positionally available
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at the 8-inch depth, it is accessed by only a few percentages of the total root mass.
From this perspective, N leaching to the 8-inch depth can be viewed as having the
potential of significantly impacting on fertilizer N recovery in clippings.

The total amount of water applied (irrigation + rainfall) did not differ signifi-
cantly among the root zone mix treatments (Table 18). However, the differences
recorded were found to account for 84% of the treatment effects on N detected in
leachate at the 8-inch mix depth (Fig. 12). This strongly implies that inherently non-
uniform irrigation over the 28-day test period accounted in large part for root zone
amendment effects on fertilizer N recovery.

The amounts of N at the 12-inch root zone depth (i.e., entering the underlying
pea gravel) were extremely small (Table 18), amounting to less than 2% of the mean
amount of N collected at the 8-inch depth. On the surface, one might conclude that
this is indirect evidence that significant N losses occurred via denitrification as the N
moved into the 8- to 12-inch zone, that with the perched water table. When the 12-
inch leachate data are converted to Ib N/inch of leachate, the resulting values range
from 0.56 to 1.53 1b N/inch of leachate. These are higher than the values of 0.21 to
0.73 1b N/inch of leachate collected at the 8-inch root zone depth. Thus, these data
discount the notion that significant amounts of denitrification occurred at depth in the
experimental putting greens.

Root and crown samples were collected before and after the onset of this study.

Analyses of the root and stem material showed no treatment differences in terms of
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weight or total N content. Financial constraints limited tracking of 15N-depleted
ammonium sulfate to only the creeping bentgrass clippings and leachates. Significant
amounts of fertilizer N would not be expected in the crown and stem material, since
published values for fertilizer N recovery in root and crown tissue is typically <10%
(Petrovic, 1990). Additionally, root systems are declining and not increasing in size
at this time of year, making it even less remote that a large amount of fertilizer N
would be found in the creeping bentgrass root and crown tissue. Amendment effects
on any N transfers and storage among the various soil and plant N pools were not
examined.
Root Zone Amendment Effects on P

Clipping analyses for P revealed that clippings taken from the plots whose root
zones were amended with Iowa peat consistentlly had the highest levels of P (Table
19). The Iowa peat clippings contained significantly more P than the clippings from
the fermented rice hulls and Michigan sphagnum peat greens on four or more of the
sampling dates. The greens containing Wisconsin peat also produced clippings that
contained relatively high P levels. Of interest is the fact that the Wisconsin and Iowa
peat amendments also produced the two highest-rated greens in terms of quality ratings
in 1995.

There was a statistically significant relationship (R2 = 0.428*) between early
season Bray-1 P soil test and bentgrass clipping P (Fig. 13). A stronger relationship

would not be expected root zone mixes containing calcareous sands.
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Table 19. Root zone mix influences on bentgrass clipping P concentrations in
1994 and 1995.

1994 1995
Root zone mix 6/6 7/5 8129 6/12 6/26 7/10 7/24 8/28
% P
Canadian peat 050 061 042 039 044 047 047 058
Michigan peat 052 054 040 031 043 045 052 057
Reed sedge peat 0.56 0.60 043 038 042 045 054 058
Wisconsin peat 0.58 0.60 045 041 046 047 059 0.60
Iowa peat 058 0.68 053 043 048 048 060 0.65
Rice hulls 0.61 059 038 037 040 045 032 0.57
Isolite 055 065 043 042 041 046 052 0.55
WPL sand 054 058 045 042 043 045 058 0.59
Lycon sand 062 061 045 042 045 046 053 055
Pure sand 059 0.60 045 041 041 044 047 054
Duncan’s LSD
(p=0.05) NS ¥ 0.07 0.05 008 004 003 0.11 0.07
Fertilizer P Fertilizer P

Date application, 1b P/M  Date application, 1b P/M

5/3/194 0.30 717195 0.05

6/27/94 0.02 8/9/95 0.05

8/30/94 0.05 10/9/95 0.05

5/22/95 0.44 11/6/95 0.15

6/2/95 0.10

+ NS = not significant.
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Soil test analyses from two sampling dates (Table 20) in 1994 revealed that the
Iowa peat and Isolite amendments maintained the highest levels of Bray-1 P. To
explore whether or not the use of a more acidic extracting solution would yield differ-
ent results for available P levels in these calcareous sand root zone mixes, soil Bray-2
P was also measured. The greatest change in soil test P occurred with the WPL sand
treatment. Using Bray-2 as an extract resulted in a mean test P level for the WPL
sand treatment of 62.7 ppm, 55 ppm more than was extracted with the Bray-1 solution.
For the nine other root zone mixes, the Bray-2 extract removed an average of only 8.2
ppm more P than did the Bray-1 extract. When the WPL sand was not considered, a
good correlation (R2 = 0.881) was obtained between Bray-1 and Bray-2 available P
levels (Fig. 14).
Analyses of the available P throughout the four 2-inch increments showed that
48 and 50% of the available P measured was located in the top 2 inches of the root
zones for the Bray-1 and Bray-2 extraction methods, respectively (Table 21). Some
20 to 24% of the P was found at the 2- to 4-inch depth. Amounts of soil test P at this
depth were 25 to 74% greater than at the 4- to 6- and 6- to 8-inch depths. This is
evidence that topically applied fertilizer P had migrated into the 2- to 4-inch depth of
the root zone mixes.
Soil test samples taken in August 1995 of the six organic amendment treatments
revealed that the Jowa peat treatment contained significantly more available P than the

other five amendment root zone mixes (Table 22). Treatment and depth means of pH,




Table 20. Soil analyses for 6-inch depth samples collected in May and October 1994.

May 1994 October 1994

0-6 inches (0-2 inches)+(0-4 inches)+(0-6 inches)/3
Root zone mix pH  Bray-1P K pH Bray-1 P Bray-2 P K

------- ppm ------ e L 1o) 1 RSP

Canadian peat 7.8 7.5 338 7.1 7.2 133 29.2
Michigan peat 7.7 8.3 28.8 7.8 4.9 13.7 29.6
Reed sedge peat 8.0 113 350 79 9.5 16.8 26.3
Wisconsin peat 7.8 10.8 438 1.5 6.1 134 333
Iowa peat 8.0 12.8 37.5 1.5 129 209 263
Rice hulls 7.7 7.5 30.0 7.4 59 14.7 333
Isolite 7.8 14.5 46.3 7.7 10.8 21.8 40.0
WPL sand 8.7 6.5 413 85 7.1 62.7 39.2
Lycon sand 8.0 11.8 36.3 7.8 7.0 159 26.7
Pure sand 7.8 11.5 338 8.0 5.8 13.0 29.6
Duncan’s LSD
(p = 0.05) 02 2.7 12.6 0.2 43 227 14.0

L9
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Table 21. October 1994 soil analyses averaged by sampling
depth over all root zone mixes.

Sample depth pH  Bray-1P Bray-2 P K
inches 00 eeemeemecemeeee- ppm  ------m-emeemeee-
0Oto2 7.61 13.1 37.0 48.3
2t0 4 7.82 6.82 13.8 246
4106 7.90 3.93 11.1 21.1

6to08 7.98 3.90 11.0 20.6
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Table 22. Soil Bray-1 P for three sampling dates.

May 1994 Aug. 1995 April 1996
Root zone mix 0 to 6 inches 0 to 4 inches 0 to 4 inches
ppm

Canadian peat 1.5 1.5 11.0
Michigan peat 83 7.8 11.5
Reed sedge peat 11.3 9.8 14.8
Wisconsin peat 10.8 9.0 14.8
Iowa peat 12.8 15.3 18.3
Rice hulls 75 8.3 148
Isolite 145 ND § 13.8
WPL sand 6.5 ND 103
Lycon sand 11.8 ND 11.3
Pure sand 11.5 ND 10.3
Duncan’s LSD

(p = 0.05) 2.7 33 39

+ ND = not determined.
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Bray-1 P, Bray-2 P, and K levels for the four 2-inch increments sampled in October
1994 are presented in Table A-9.

An intensive effort to investigate amendment and sand type effects on the status
of P in root zone mixes was undertaken in 1995. Phosphorus in the amounts of 0, 10,
20, 40, and 80 mg kg'1 was added to the root zone mix samples and allowed to
equilibrate over 24 hours. Phosphorus concentrations were then obtained by way of
four different methods. These included soil test P via Bray-1 and Bray-2 extractions,
labile P, and solution P (Table A-10).

Regressions of the amount of fertilizer P added on soil test P were performed
for each of the different amendments to obtain estimates of the amounts of fertilizer
P,05 required to increase the soil test by 1 mg kg'l. Ignoring the atypical WPL sand
not likely to be used for putting green constructibn, the ratios average 2.6 and 2.7 mg
P,05 kg'llmg soil test P kg'1 for the Bray-1 and Bray-2 tests, respectively. In
practical terms, either number can be used to calculate fertilzer P needs. For the Bray-
1 test, the root zone mix treatment ratios of fertilizer PyOs to soil test P ranged from
a low of 2.1 for the Isolite treatment to 10.6 for the WPL sand (Table 22). For
practical purposes, the treatments might be placed into three groups. One would be
P205/s0i1 test P values of 2.1 to 2.8; the Canadian, Michigan, Wisconsin, rice hulls,
Isolite, Lycon, and Greensmix pure sand treatments comprise this group. The second
group, with P205/soi1 test P ratios of 3.1 to 3.5, includes the reed sedge and lowa

treatments. The WPL sand and its P205/soi1 test P ratio of 10.6 stands alone.
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The ratios of fertilizer P,Og4 to soil test P covered a much smaller range when
the P extractant was Bray-2 (Table 23). The major change in the ratios when shifting
from the Bray-1 to Bray-2 extract occurred for the WPL sand. The Bray-2 extract
removed more than nine times more P from the WPL sand treatment than did the
Bray-1 extract. This resulted in the ratio of P,Os to soil test P being reduced from
10.6 to 3.1. There were no distinct groupings of the treatments with regard to the
amounts of fertilizer PO needed to bring about a unit change in Bray-2 P.

These ratios of fertilizer P,Og:so0il test P have management implications with
regard to establishment of adequate levels of soil test P and the rate of buildup of soil
P over time. Amendment type greatly influenced changes in the amounts of labile P
present when the root zone mixes were fertilized with 0, 10, 20, 40 or 80 mg P kg'1
(Fig. 15). Although all started out with corhparable labile P concentrations, the

1 of labile P when only 10 mg kg'1

Wisconsin and reed sedge peats attained 0.5 mg L’
of fertilizer P was added, while the Towa and Isolite treatments did not approach this
level until 80 mg kg'1 of fertilizer P were added. These results indicate that root zone
mixes containing different amendments require different rates of phosphorus applied
in the form of fertilizer to achieve a particular level of labile P.

The level of soil Bray-1 P necessary to maintain a solution P level of 0.05 ppm
ranged from 4.9 ppm for the pure sand treatment to 32.9 ppm for the WPL sand

treatment (Table 24). These differences are attributed to the fact that the pure sand

treatment contains very little colloidal material to which phosphorus can adsorb. With
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Table 23. Estimates of the amounts of phosphate (P205)
required to increase soil Bray-1 and Bray-2 P

by 1 mg kg'l.
Soil test P
Root zone mix Bray-1 Bray-2
mg P,05 kg'llmg soil test P kg’1
Canadian peat 2.6 22
Michigan peat 23 26
Reed sedge peat 3.5 2.8
Wisconsin peat 2.5 , 29
Iowa peat 3.1 20
Rice hulls 24 24
Isolite 2.1 30
WPL sand 10.6 3.6
Lycon sand 2.8 3.1

Pure sand 2.5 2.1
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Table 24. Root zone mix composition effects on soil P status.
Bray-1 P
at 0.05 ppm P buffer
Sand Amendment solution P power ¥
----------- ppm (soil) ---------
Greensmix  Canadian 16.4 23.2
Michigan 20.1 8.9
Reed sedge 19.7 289
Wisconsin 16.9 42
Iowa 31.8 23.0
Rice hulls 27.2 53
Isolite 10.3 5.5
None 49 9.8
WPL Canadian 329 14.1
Lycon Canadian - 136 84

1 P buffer power = A Bray-1 P/A solution P.
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the presence of a substantial amount of fine-sized soil particles, and the presence of
recently precipitated CaCO3, the WPL sand treatment provides an ideal environment
for the adsorption of Iarge amounts of phosphorus.

The P buffer power of each of the 10 different root zone mixes was calculated
and appears in Table 24. These values were arrived at by dividing the change in soil
Bray-1 P by the change in measured solution P. The Canadian, reed sedge and Iowa
peats had a noticeably greater P buffer power than any of the other nine remaining root
zone mixes. This occurrence is defined by these treatments’ propensity to maintain a
very low solution P level in relation to the large amount of P that is adsorbed onto its
peat particles.

There was a strong relationship (R2 = 0.831*%*) between the amounts of
fertilizer P added and solution P, the amount of P extracted by way of Sr(NO3)2 from
the seven different amendment root zone mixes (Fig. 16). Not including the rice hulls
treatment strengthened this relationship further (R2 = 0.968). The three root zone
mixes containing Canadian sphagnum peat and either Greensmix, WPL, or Lycon sand
were also examined to determine sand effects on solution P (Fig. 17). The strong
relationship observed (R2 = 0.742***) was strengthened even further (R2 = 0.948) by
not considering the WPL sand treatment.

There was a more than four-fold difference in solution P between the WPL
sand and rice hulls treatments when 80 ppm of fertilizer P was added. This can be

explained by differences in adsorption capacities between the two root zone mixes.
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When 80 ppm of fertilizer P was added to the rice hull treatment, this exceeded its P
adsorption capacity and, as a result, 18.7 ppm of solution P was measured. The WPL
sand appeared to be undergoing a phase change from P adsorption to precipitation.
The amount of solution P extracted was a nearly constant 4.2 ppm with additions of
40 and 80 mg P kg'! of mix (Fig. 15).
Root Zone Amendment Effects on K

Significant differences in amendment effects on bentgrass clipping K were not
observed during the five sampling dates in 1995 (Table 25). The only significant dif-
ference in clipping K in 1995 resulted on the last sampling date. In this instance, the
straight sand root zone mix produced a significantly higher percentage of K in the
bentgrass clippings than the root zone mix containing Lycon sand. Differences in
clipping K by date simply reflect time of clipping collection with respect to the amount
of application of fertilizer K (Table 25).

Analyses for soil K in samples collected during 1994 are shown in Table 20
(page 67). The May soil samples revealed that the only statistically significant
difference between treatments was that between the Isolite root zone mix and the rice
hull and Michigan sphagnum peat treatments. Regression analysis revealed that for a
select group of treatments there was a weak (non-statistically significant) relationship
between root zone mix CEC and soil test K (Fig. 18). On the second soil sampling
date in 1994, cores from the 0- to 2-, 2- to 4-, 4- to 6-, and 6- to 8-inch soil depths

were collected and analyzed for available K levels (Table A-9). Statistical analyses
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Table 25. Root zone mix influences on bentgrass clipping K concentrations in
1994 and 1995.

1994 1995
Root zone mix 6/6 15 8/29 6/12 6/26 7/10 7/24 8/28
% K
Canadian peat 291 3.19 252 241 181 250 164 228
Michigan peat 311 316 252 212 186 252 181 231
Reed sedge peat 319 310 243 232 180 240 179 220
Wisconsin peat 330 3.11 250 254 186 252 200 227
Iowa peat 3.16 3.19 2.66 231 1.83 239 1.84 222
Rice hulls 295 294 231 238 181 234 189 233
Isolite 3.12 326 241 276 179 252 202 235
WPL sand 305 292 244 267 189 244 200 2.18
Lycon sand 337 3.15 245 - 265 182 241 177 209
Pure sand 348 330 264 267 190 245 1.82 241
Duncan’s LSD
(p=0.05) NS+ 0.15 0.15 NS NS NS NS 027
Fertilizer K Fertilizer K

Date application, Ib K/M  Date application, 1b K/M

5/3/94 0.11 6/2/95 0.46

6/1/94 0.83 717195 0.23

6/27/94 0.09 8/9/95 0.23

7/2794 0.83 9/8/95 0.83

8/3094 0.23 10/9/95 0.23

4/22/95 0.83

1 NS = not significant.
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revealed no significant differences between treatment and corresponding depth. Mean
K concentrations for the four depths indicated that the Isolite treatment had signifi-
cantly greater amounts of available K than five other treatments. However, since the
greens containing no amendment did not contain significantly lower amounts of avail-
able K than the greens containing Isolite, it is difficult to conclude that amendment
type affected retention of available K. In fact, no significant relationships were found
between soil test K and root zone mix CEC, pH or water retention.

Available K levels for the four different depths of all ten treatments are pre-
sented in Table 21 (page 69). The top 2 inches of the root zone mix contained about
twice as much available K as the other three 2-inch depth increments combined.
While this could indicate that there was little K leaching during the growing season,
it provides no solid evidence that K is not constantly being leached out of the root
zone. Soil test K at the 6- to 9-inch depth in October 1993 averaged 28.5 ppm. This
suggests a K loss rate of about 7.9 ppm in 12 months. Treatment and depth means for
K for all 10 treatments are contained in Table A-9. Treatment soil test K levels from
three samplings over the course of 2 years is shown in Table 26.

Early season soil test K was not a useful predictor of clipping K concentration
(Fig. 19). This might be expected, given the fact that fertilizer K was applied five
times during the season (Table 25).

When the amounts of potassium present in the exchangeable and solution forms

within the various root zone mixes were compared, two distinct groupings of
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Table 26. Soil K levels for three sampling dates.

May 1994 Aug. 1995 April 1996
Root zone mix 0 to 6 inches 0 to 4 inches 0 to 4 inches
ppm

Canadian peat 338 23.8 50.0
Michigan peat 28.8 313 513
Reed sedge peat 35.0 20.0 47.5
Wisconsin peat 43.8 313 413
Iowa peat 375 23.8 46.3
Rice hulls 300 28.8 513
Isolite 46.3 ND + 58.8
WPL sand 413 ND 63.8
Lycon sand 36.3 ‘ND 33.8
Pure sand 33.8 ND 46.3
Duncan’s LSD

(p = 0.05) 12.6 9.2 11.7

+ ND = not determined.
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treatments became apparent (Fig. 20). The three root zone mixes whose amendments
contained high amounts of organic matter (>85%) had uniquely high equilibrium
solution K levels. This can be explained on the basis that these amendments have
predominantly organic-origin exchange sites, which are known to bond more strongly
with Ca and Mg than with K. This results in higher concentrations of K in solution.
Amendments with < 85% organic matter maintained much lower K concentrations in
solution. These relationships seem to show that highly organic amendments are about
three times more prone to K leaching than are the lower organic amendments with
>15% mineral content. The relationship of May 1994 soil test K to root zone mix
CEC (Fig. 18) provides some credibility to this statement.

The measured CEC of the ten root zone mixes appear in Table A-11. These
values typify the very low CECs of root zone mixes and help explain why K leaches
readily in sand-matrix putting greens. The root zone mix containing pure sand, under-
standably, had the lowest measured level of CEC, while the treatment containing the
WPL sand with 11.4% clay + silt-sized fractions recorded the highest CEC at 6.25
cmol(+)/100 g soil. The five peat amendments were much more effective at increasing
the CEC of the root zone mix than the fermented rice hulls and Isolite. The Lycon
and Greensmix sands, when combined with the Canadian sphagnum peat amendment,
resulted in very similar CEC levels, 1.56 and 1.64 cmol(+)/100 g soil. This illustrates

the fact that root zone mix CEC, at least initially, is almost entirely dependent on the

amendment added.
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Secondary and Micronutrients

Table 27 shows where there were significant differences in clipping micro-
nutrient concentrations during five sampling dates in 1995. Although there were many
statistical differences, all nutrient concentrations were adequate except boron, which,
according to Jones (1980), was low. Despite B levels continually less than the pro-
posed sufficiency level of 10 ppm, boron deficiency symptoms were not observed.
Laison and Love (1967) reported that boron deficiency symptoms seldom appear on
creeping bentgrass. Thus, the critical level for B may be lower than suggested by
Jones (1980).

Results of soil analyses for DTPA-extractable Zn, Mn, Fe, and Cu in the root
zone mixes appear in Table 28. There were significant root zone treatment effects on
the amounts of Zn, Mn, Fe, and Cu detected. No correlation could be found, however,
between clipping concentrations of the nutrients and their DTPA-extractable levels in
the root zone mixes. This may be due in part to the fact that clipping concentrations
of Zn, Mn, Fe, and Cu were all adequate, but may also be an indication that the DTPA

test does not reliably estimate plant available nutrient supplies.

CONCLUSIONS
The observations made during the 3 years of this study may not hold up over
the long-term (10 years or more). However, all indications up to this point are that the

USGA recommendation of >85% organic matter (OM) in root zone amendments is too




Table 27. Dates and nutrients for which there were significant treatment effects
(Duncan’s LSD, p=0.05) on clipping nutrient concentrations, 1995.

Date N P K Ca Mg S Zn B Mn Fe Cu
June 12 X X X X XLy X

June 26 X X X X X XL X X

July 10 X X X XL X X
July 24 X X X X X X XL X X

August 28 X X X X X L X X X

t “L” signifies low concentrations according to Jones (1980).
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Table 28. Root zone mix DTPA-extractable Zn, Mn, Fe, and Cu.

Root zone mix Zn Mn Fe Cu
ppm

Canadian peat - 0.97 220 436 0.97
Michigan peat 0.94 2.83 4.65 0.99
Reed sedge peat 0.81 0.92 5.61 0.54
Wisconsin peat 1.01 1.65 5.23 0.76
Iowa peat 0.99 1.49 8.06 0.60
Rice hulls 1.09 2.65 3.35 091
Isolite 0.78 0.81 3.07 0.73
WPL sand 0.70 0.78 12.03 1.66
Lycon sand 0.83 1.33 3.20 0.66
Pure sand 0.62 0.70 1.93 0.60

Duncan’s LSD
(p = 0.05) 0.09 0.13 0.54 0.17




90

stringent, based on the strong performances of the Iowa peat (64% OM) and Wisconsin
peat (83% OM) treatments. The added moisture and nutrient retention gained by using
an amendment with >15% mineral matter appears to significantly improve putting
green quality without adversely affecting infiltration or drainage.

Early in this study, it was observed that fiber content seemed to be an important
consideration in the selection of a root zone amendment. Moisture retention was found
to increase with decreasing fiber content, while the reverse was true for infiltration
rate. Re-examination of the amendment fiber content-moisture retention relationship
revealed that this may well be the result of the fact that root zone mix organic matter
content is inversely related to amendment fiber content and, in turn, moisture retention
is a direct function of the amount of organic matter in the root zone mix. The higher
the fiber content of peat, the lower its bulk density. Thus, blending with sand on a
volume basis tends to result in a lower organic matter content when the amendment
has a high fiber content. There is far more logic in attributing increased water reten-
tion by root zone mixes to organic matter content per se than to the fiber content of
the amendment.

The ability of a root zone mix to retain an average of 12% or more by volume
helps prevent localized dry spot and greatly enhances creeping bentgrass quality. Two
of the amendments studied (Isolite, and fermented rice hulls) resulted in root zones that

actually retained less water than the pure sand treatment containing no root zone

amendment.
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The reasons for this are thought to be different for the two materials. Much of
the water held by Isolite is retained at tensions > -4 MPa. When dry Isolite is added
to moist sand, it actually dries down the sand. Hence, while Isolite may increase the
total amount of water retained by the root zone mix, much of the water cannot be
accessed by plants.

Relative to peats, the percent by weight of water retained by rice hulls is rela-
tively low (Table 6). When blended with sand at the volume percentages used in this
study (87/13), the capillary porosity of the mix (Table 5) is one-half or less that of
some of the sand-peat mixes. Thus, the rice hull amended putting green was droughty
and plagued with localized dry spot.

The type of root zone amendment does not consistently affect the N status of
the creeping bentgrass clippings. Tracking the fate of 0.5 Ib N/M of 15N depleted
ammonium sulfate revealed that the amounts of fertilizer N recovered in the creeping
bentgrass clippings over a 28-day period ranged from 17 to 20%, and differed signifi-
cantly among amendment type.

However, the reasons for the different fertilizer N recoveries appeared to result
primarily from variation in irrigation rates. Some of this variation is inherent in the
irrigation system and some resulted from day-to-day changed in wind direction and
velocity at the time of irrigation. Over 28 days, the mean total precipitation (rainfall
+ irrigation) varied among the six treatment by as much as 0.88 inch. At its worst,
some plots received only 32% of the daily intended irrigation water. This was

sufficient variation to result in significant treatment-related effects on the amounts of
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soluble N leached to the 8-inch depth in the putting greens. The amounts of N leached
to this depth accounted for 77% of the observed variation in fertilizer N recovery.
What accounted for the remaining 23% of variation in fertilizer N recovery could not
be discerned from the data collected.

Based on the foregoing observations and lack of consistent treatment effects on
clipping N concentrations at various times during the growing season, the conclusion
is that for the six root zone amendments studied, choice of amendment does not sig-
nificantly impact on the N nutrition of creeping bentgrass. The standard practice of
light, frequent fertilizer N applications on golf putting greens further mitigates against
the root zone amendment having a significant role to play in the N management of
putting greens.

There were implications regarding root zone amendment effects on P and K
nutrition management. Perhaps for the first time, information was assembled regarding
the amount of fertilizer P,Og required to increase soil test P by one unit. This ratio
of fertilizer P,O5/ppm (mg kg'l) soil test P was found not to be significantly influ-
enced by root zone amendment on soil test method (Bray-1 or Bray-2). Thus, the
value of 2.6 mg P,O5 kg'llppm soil test P appears to have widespread value as a man-
agement tool. The 2.6 mg P,O5 kg'1 root zone mix per 1 ppm soil test P, when
applied to a root zone mix with a bulk density of 1.5 g cm’3, equates to 0.029 Ib
P205/yd3 of root zone mix/l ppm soil test P. Raising the soil test P by 10 ppm

therefore requires about 0.29 1b P205/yd3 of root zone mix, of, in the top 4 inches of
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a putting green, 3.6 1b P,Os/M [(4/12 ft)(1,000 ft2)/27 ft3/yd> x 0.029 Ib P,05/yd>
x 10 ppm soil test P].

While root zone amendment did not affect the amount of fertilizer P,O5 needed
to increase soil test P, there were significant differences among the amendments with
regard to what appearedvto constitute an adequate level of soil test P. Application of
the criteria that adequate soil test P at 0.05 ppm solution P level, leads to the conclu-
sion that, depending on the amendment used in the root zone mix, the optimum soil
test P level can range from 5 ppm (no amendment) to as much as 32 ppm for a mix
containing an amendment such as Iowa peat with its 36% mineral content.

Establishment of the relationship between exchangeable K and equilibrium
solution K levels in the root zone mixes clearly illustrated the problem of maintaining
adequate K levels in sand-matrix putting greens. For mixes prepared with highly
organic (>85% weight loss on ignition) amendments, equilibrium solution K levels
were nearly three times as high as mixes prepared with amendments having mineral
contents in excess of 17%. This readily explains the high mobility of K in root zone
mixes composed with highly organic amendments and is a clear indication that what

constitutes a sound K management system for one root zone mix is not universally

applicable.
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Table A-1.  Putting green quality ratings + in 1994.

5/3 5126 6/3 6/6 6/13 6/20 6/27 7/5 /11

Root zone mix 123 146 154 157 164 171 178 186 192
Canadian peat 515 795 775 805 810 828 8.05 798 7.88
Michigan peat 470 725 7.88 815 810 782 795 810 7.80

Reed sedge peat 528 7,58 790 8.12 808 822 800 818 795
Wisconsin peat 535 792 760 820 785 8.15 7.78 8.08 7.88

Iowa peat 552 790 788 810 825 838 818 828 798
Rice hulls 268 495 548 470 470 482 582 622 6.15
Isolite 305 552 680 558 558 580 650 7.00 695
WPL sand 552 785 780 790 790 808 7.78 8.18 7.58
Lycon sand 555 800 760 808 808 815 798 8.18 790
Pure sand 232 548 460 525 595 615 692 7.18 7.15

Duncan’s LSD
(p=0.05) 055 103 073 077 074 058 033 057 043

7/14 7118 7125 8/1 8/8  8/15 822 8/29 9/7
195 199 206 213 220 227 234 241 250

Canadian peat 808 838 822 842 8.18 820 835 822 795
Michigan peat 808 820 828 832 795 838 822 818 8.15
Reed sedge peat 815 832 835 835 822 828 838 822 8.0
Wisconsin peat 795 825 830 825 822 822 828 825 830

Iowa peat 830 850 840 845 832 840 838 832 822
Rice hulls 628 680 678 7.02 685 742 738 7.05 740
Isolite 698 728 7.15 1735 740 780 7.62 7.68 790
WPL sand 788 832 828 830 8.8 8.15 812 815 768
Lycon sand 818 840 835 838 822 825 825 822 8.05
Pure sand 760 798 790 798 768 780 812 785 7.5

Duncan’s LSD
(p=0.05) 038 028 035 027 033 051 047 046 0.21

- continued -




Table A-1.  (continued).

9/12 9/19 9/25
Root zone mix 255 262 268
Canadian peat 8.22 8.10 8.08
Michigan peat 8.15 8.05 7.90
Reed sedge peat 8.28 8.05 8.10
Wisconsin peat 8.05 792 7.98
Iowa peat 8.15 8.02 8.10
Rice hulls 738 7.42 7.25
Isolite 7.75 7.60 7.32
WPL sand 8.00 7.88 7.80
Lycon sand 8.25 8.02 8.02
Pure sand 7.75 7.80 7.80
Duncan’s LSD
0.25 0.23

(p=0.05) 0.26

+ On a scale of 1 to 9 (superior).

100
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Table A-2.  Putting green quality ratings t in 1995.

5/22 5/30 6/5 6/12 6/19 6/26 73 11 T7/17

Root zone mix 142 150 156 163 170 177 184 192 198
Canadian peat 763 808 808 818 805 818 8.18 805 8.08
Michigan peat 763 793 785 793 795 820 823 833 828

Reed sedge peat 785 8.03 7905 8.18 8.10 830 820 830 830
Wisconsin peat 780 805 808 825 815 833 825 835 830

Iowa peat 765 818 810 818 820 840 835 835 840
Rice hulls 718 773 725 728 7.3 728 765 1770 7.5
Isolite 705 768 7.5 728 730 745 765 8.08 8.10
WPL sand 768 803 813 820 815 825 823 815 8.18
Lycon sand 760 795 800 805 808 820 815 830 828
Pure sand 760 788 748 798 7.85 7.80 790 795 798

Duncan’s LSD
(p=0.05) 039 025 041 050 046 051 042 033 0.28

7/24 7/31 8/13 8/21 8/29 9/3  9/11
205 212 225 233 241 246 254

Canadian peat 803 815 808 7.88 800 795 7385
Michigan peat 823 823 823 830 820 825 820
Reed sedge peat 825 825 825 828 833 825 825

Wisconsin peat 823 838 828 828 828 838 830
Iowa peat 835 830 838 835 840 825 835
Rice hulls 785 793 798 795 790 778 785
Isolite 8.13 795 798 803 803 788 790
WPL sand 820 820 808 8.15 810 808 803
Lycon sand 825 820 8.18 825 823 828 823
Pure sand 788 800 790 813 760 7.63 7.68

Duncan’s LSD
(p=0.05) 029 022 028 036 028 024 028

+ On ascaleof 1 t09 (superior).




Table A-3.  Quality ratingst during 1995 for putting greens with simulated golf course traffic.

July 11 July 17 July 24 July 31 Aug. 13 Aug. 21 1995
Root zone mix 192 198 205 212 225 233 mean
Canadian peat 7.75 7.83 7.83 7.83 7.48 7.70 7.73
Michigan peat 7.93 7.80 7.88 1.75 7.55 1.75 7.78
Reed sedge peat 7.85 7.93 7.95 7.88 7.50 7.68 7.80
Wisconsin peat 8.05 7.98 7.98 8.05 7.82 7.83 7.95
Iowa peat 8.05 7.98 8.03 8.03 7.78 7.93 7.96
Rice hulls 7.30 7.53 7.60 7.53 735 7.58 7.48
Isolite 7.53 7.73 7.75 7.23 7.10 7.25 7.43
WPL sand 7.80 7.85 7.98 7.85 7.65 7.85 7.83
Lycon sand 7.88 7.90 7.88 7.80 7.40 7.70 7.76
Pure sand 7.70 7.68 7.60 7.58 7.38 7.73 7.61
Duncan’s LSD 0.40 0.33 0.34 045 0.53 045 0.35

1 On a scale of 1 to 9 (superior).

40}
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Table A-4.  Date and number of simulated rounds of golf imposed on putting
greens in 1995.
Rounds Cumulative Rounds Cumulative

Date simulated rounds Date simulated rounds
5/24 80 80 717 160 2320
5/25 80 160 /11 160 2480
5/30 80 240 7/12 160 2640
6/5 80 320 717 320 2960
6/6 160 480 7/18 200 3160
6/9 160 640 7/19 200 3360
6/12 160 800 7/20 80 3440
6/13 80 880 7/21 200 3640
6/14 80 960 7124 320 3960
6/15 80 1040 726 200 4160
6/16 80 1120 7127 200 4360
6/19 80 1200 7/28 200 4560
6/21 80 1280 7/31 240 4800
6/22 80 1360 8/1 200 5000
6/23 80 1440 8/10 200 5200
6/26 80 1520 8/11 240 5440
6/27 80 1600 8/14 240 5680
6/29 80 1680 8/18 240 5920
7/3 160 1840 8/21 200 6120
715 160 2000 8/22 200 6320
7/6 160 2160 8/23 200 6520




104

Table A-S.  Root zone mix pH changes over a 2-year period.

May 1994 Aug. 1995 April 1996

Root zone mix 0 to 6 inches 0 to 4 inches 0 to 4 inches
Canadian peat 7.80 7.38 743
Michigan peat 7.65 748 7.38
Reed sedge peat 8.03 755 7.50
Wisconsin peat 7.78 7.50 7.45
Iowa peat 7.98 7.50 7.38
Rice hulls 7.68 730 7.50
Isolite 7.80 ND § 7.63
WPL sand 8.68 ND 8.35
Lycon sand 8.03 ND 7.70
Pure sand 7.80 ND 7.68
Duncan’s LSD

(p = 0.05) 0.21 0.14 0.13

1+ ND = not determined.
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Table A-6. Root zone mix volumetric moisture contents in 1994.

Volumetric moisture (%)

TDR probe
Root zone mix depth (inches) 6/10/94 6/20/94 7/15/94
Canadian peat 2 18.1 15.1 14.0
4 15.8 14.0 12.5
6 16.2 144 14.0
8 200 18.1 15.8
10 29.2 294 242
Michigan peat 2 17.0 14.0 12.5
4 155 129 11.5
6 16.6 14.7 12.5
8 18.8 18.5 15.5
10 26.8 24.6 204
Reed sedge peat 2 19.2 16.2 15.1
4 17.3 155 133
6 18.5 17.7 144
8 20.7 215 17.7
10 26.8 283 253
Wisconsin peat 2 17.0 133 12.9
4 144 129 11.5
6 15.5 13.6 12.5
8 17.7 17.3 13.8
10 264 272 23.0
Iowa peat 2 19.2 17.3 15.8
4 173 15.8 14.7
6 19.6 17.3 15.8
8 219 20.0 18.1
10 25.7 26.8 234
Rice hulls 2 10.5 8.1 8.7
4 9.5 8.1 8.4
6 11.8 94 8.7
8 13.6 12.5 104
10 22.7 227 16.7

- continued -
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Table A-6.  (continued).

Volumetric moisture (%)

TDR probe
Root zone mix depth (inches) 6/10/94 6/20/94 7/15/94
Isolite 2 11.8 11.1 94
4 122 10.8 9.7
6 12.9 11.8 10.8
8 19.3 17.8 16.0
10 303 278 245
WPL sand 2 395 37.0 294
4 39.8 39.0 34.7
6 428 40.5 38.9
8 434 44.1 435
10 31.1 324 244
Lycon sand 2 20.0 17.3 16.2
4 19.6 18.5 15.8
6 211 20.0 17.7
8 25.7 242 204
10 379 37.0 36.7
Pure sand 2 10.1 8.4 74
4 11.5 94 84
6 129 115 10.1
8 20.0 18.5 14.0
10 359 340 303
Duncan’s LSD
5.1 4.5 53

(p=0.05)
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Table A-7. Root zone mix volumetric moisture contents in 1995.

Volumetric moisture (%)

TDR probe
Root zone mix depth (inches) 6/1/95 7/10/95 8/28/95
Canadian peat 2 122 11.7 133
4 104 11.7 12.2
6 10.8 12.9 133
8 11.8 14.4 14.0
10 13.6 20.8 229
Michigan peat 2 11.2 15.1 9.9
4 10.6 12.9 104
6 113 13.6 10.8
8 11.8 15.1 11.8
10 13.8 18.5 144
Reed sedge peat 2 13.6 16.6 15.8
4 122 14.0 133
6 13.1 15.8 144
8 149 19.2 17.7
10 164 234 233
Wisconsin peat 2 10.1 15.1 12.5
4 94 12.2 104
6 10.1 125 10.7
8 108 140 126
10 13.8 215 18.2
Iowa peat 2 14.9 18.1 15.5
4 12.5 15.8 144
6 13.6 16.6 15.1
8 14.2 18.1 17.0
10 164 227 211
Rice hulls 2 5.1 9.1 7.5
4 6.3 7.5 7.8
6 8.2 8.4 9.1
8 8.5 9.6 10.1
10 135 144 10.2

- continued -
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Table A-7.  (continued).

Volumetric moisture (%)

TDR probe
Root zone mix depth (inches) 6/1/95 7/10/95 8/28/95
Isolite 2 6.8 11.6 9.0
4 7.6 10.5 8.8
6 9.7 11.1 9.1
8 12.1 14.0 10.8
10 19.8 17.4 12.2
WPL sand 2 28.7 29.4 28.2
4 337 36.7 383
6 354 41.0 425
8 41.2 439 44 4
10 248 274 19.9
Lycon sand 2 13.6 17.4 15.8
4 13.6 15.5 13.6
6 14.0 17.7 15.5
8 15.5 20.0 17.0
10 29.1 327 29.2
Pure sand 2 43 7.8 6.9
4 6.6 7.8 6.5
6 7.7 9.1 8.4
8 10.6 13.7 124
10 248 274 21.0

Duncan’s LSD
(p=0.05) 45 5.5 6.1
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Table A-8.  Daily precipitation (irrigation + rainfall) received by the research
plots during the 21 days after application of 15N depleted ammon-
ium sulfate.

Root zone

amendment Rep 7/11 7712 713 7/14 7/15 7/16 7/17 7/18
Canadian peat A 0.18 021 018 0.19 023 113 0.16 0.13
Michigan peat 009 019 006 0.13 021 110 0.19 0.14
Reed sedge peat 025 0.18 0.19 039 042 130 036 0.29
Wisconsin peat 024 024 011 041 031 125 032 026
Iowa peat 020 019 025 021 025 129 025 0.21
Rice hulls 023 016 027 029 026 125 031 024
Canadian peat B 019 0.15 056 019 024 1.14 032 023
Michigan peat 024 019 007 017 026 1.14 034 027
Reed sedge peat 0.14 0.13 006 023 022 113 026 0.18
Wisconsin peat 0.11 008 005 011 021 1.09 023 0.16
Iowa peat 0.14 013 0.04 012 021 107 0.17 0.13
Rice hulls 0.12 0.14 0.11 020 0.19 114 0.14 0.13
Canadian peat C 0.11 011 001 013 024 107 024 0.12
Michigan peat 009 004 004 012 021 094 022 0.10
Reed sedge peat 0.10 006 004 0.14 018 1.00 0.19 0.15
Wisconsin peat 011 012 0.04 0.16 019 143 0.16 0.08
Iowa peat 0.14 0.18 000 0.11 021 111 029 O0.14
Rice hulls 0.14 011 0.06 0.14 0.16 109 021 0.18
Canadian peat D 024 025 016 041 037 143 037 029
Michigan peat 011 014 000 0.19 021 114 027 0.15
Reed sedge peat 0.15 0.6 007 019 023 117 0.15 0.15
Wisconsin peat 0.11 0.12 010 0.14 019 107 0.14 0.14
Iowa peat 020 026 011 023 024 121 027 018
Rice hulls 0.16 021 018 025 026 121 024 0.14

- continued -
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Table A-8.  (continued).

Root zone

amendment Rep 7/19 7120 77121 7123 7/24 7725 7126 7127
Canadian peat A 015 105 0.16 114 0.16 0.11 0.19 0.19
Michigan peat 017 108 026 107 0.13 0.14 0.18 0.23
Reed sedge peat 032 126 029 124 022 035 005 026
Wisconsin peat 031 124 033 130 024 031 024 021
Iowa peat 022 113 025 1.18 023 028 021 028
Rice hulls 029 1.13 025 121 026 029 021 028
Canadian peat B 027 113 028 101 019 029 021 028
Michigan peat 036 1.16 025 106 022 032 011 026
Reed sedge peat 021 110 021 101 023 026 0.14 0.18
Wisconsin peat 024 100 0.14 084 007 022 0.12 0.06
Iowa peat 0.14 093 0.19 090 0.19 0.17 006 024
Rice hulls 0.14 104 015 109 018 0.13 0.04 0.14
Canadian peat C 021 098 0.16 0.88 0.12 024 0.11 0.14
Michigan peat 017 106 012 082 0.13 020 0.11 0.13
Reed sedge peat 0.19 096 0.10 080 010 0.4 032 0.08
Wisconsin peat 020 1.01 0.19 093 021 0.16 021 0.16
Iowa peat 027 093 0.19 091 026 023 0.10 023
Rice hulls 022 093 021 082 021 0.18 0.16 0.08
Canadian peat D 041 106 030 133 044 034 0.16 036
Michigan peat 024 109 020 106 0.18 016 026 023
Reed sedge peat 025 1.04 029 109 021 0.18 033 0.19
Wisconsin peat 0.17 107 0.6 100 011 011 021 014
Iowa peat 031 099 034 104 037 021 034 024
Rice hulls 023 1.15 025 129 0.16 0.18 0.16 0.16

- continued -
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Table A-8.  (continued).

Root zone

amendment Rep 7128 7729 7/30 7/31  8/1
Canadian peat A 1.04 009 0.14 025 034
Michigan peat 1.04 016 019 023 043
Reed sedge peat 1.12 029 023 033 026
Wisconsin peat 1.01 031 025 032 050
Iowa peat 1.12 024 021 024 045
Rice hulls 1.07 030 021 031 047
Canadian peat B 1.09 028 0.16 024 029
Michigan peat 1.04 031 018 027 021
Reed sedge peat 096 024 014 023 032
Wisconsin peat 096 020 0.04 022 021
Iowa peat 096 0.14 0.18 0.14 0.19
Rice hulls 099 010 0.15 021 0.2]
Canadian peat C 086 021 015 0.16 029
Michigan peat 095 0.18 0.09 020 024
Reed sedge peat 092 0.14 0.11 018 024
Wisconsin peat 095 0.15 020 0.14 022
Iowa peat 08 026 029 009 033
Rice hulls 089 022 0.6 012 029
Canadian peat D 1.00 042 035 036 040
Michigan peat 099 0.16 0.17 0.14 038
Reed sedge peat 1.01 0.16 0.16 0.16 039
Wisconsin peat 096 0.11 0.08 021 038
Towa peat 1.06 029 033 0.129 037
Rice hulls 099 020 0.17 024 040

- continued -



Table A-8.  (continued).

Standard
Root zone amendment Mean + deviation
Canadian peat 8.50 + 1.74
Michigan peat 7.62 + 0.92
Reed sedge peat 8.04 * 1.51
Wisconsin peat 7.62 + 1.39
Iowa peat 8.06 + 1.22
Rice hulls 7.90 + 1.37
Dunsans LSD
(p=0.05) NS t

+ NS = not significant.
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Table A-9 Putting green soil analyses by depth in October 1994.

Root zone mix Depth pH  Bray-1P Bray-2 P K
inches = cemeemmemmeeeee. ppm ----------e--
Canadian peat 0to?2 74 13 20 51
2t0 4 7.8 5 11 20
4t06 79 4 10 16
6to8 7.8 4 9 15
Michigan peat Oto2 7.6 9 19 50
2t0 4 7.8 3 12 19
4106 79 3 10 20
6to8 8.0 2 11 16
Reed sedge peat Oto2 7.7 14 22 44
2to 4 79 9 15 18
4106 8.0 6 13 18
6to8 8.1 6 13 20
Wisconsin peat Oto2 7.5 10 20 45
2to 4 7.6 5 11 29
4106 75 3 10 26
6to8 7.6 4 10 24
Iowa peat Oto2 74 16 21 36
2t0 4 7.6 14 24 23
4106 7.6 9 18 20
6to8 7.6 7 17 24
Rice hulls 0to?2 73 11 20 43
2t04 74 5 14 33
4106 75 2 10 25
6108 7.6 3 11 29
Isolite Oto2 7.5 19 32 48
2t04 7.8 9 19 40
4106 79 5 14 33
6to8 83 4 12 21

- continued -
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Table A-9.  (continued).

Root zone mix Depth pH  Bray-1P Bray-2 P K
inches = ceceemmmmmeee- ppm  ------mn-nee-
WPL sand 0to2 8.3 17 78 76
2to 4 8.5 3 6 23
4t06 8.7 2 4 19
6to8 8.6 2 3 16
Lycon sand Oto2 7.7 12 19 41
2to 4 79 6 15 21
4t06 8.0 4 13 18
6 to 8 8.0 4 15 20
Pure sand Oto2 7.7 10 18 49
2to4 8.1 4 12 23
4106 8.2 3 9 18
6to8 84 3 10 21

Duncan’s LSD
(p=0.05) 0.2 4 8 14




Table A-10. Root zone mix P status after addition of P as KH2PO4.
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P Soil Soil Solution
Root zone mix added Bray-1 P Bray-2 P Labile P P
mgkg! e ppm ----e--ee - mg kgl -
Canadian peat 0 18.86 39.85 0.07 0.744
10 27.27 60.84 0.118 1.57
20 31.03 61.95 0.303 4.86
40 5491 80.07 0.836 6.09
80 88.53 121.84 1.206 10.47
Michigan peat 0 22.84 3432 0.076 1.09
10 255 43.16 0.108 1.77
20 32.13 520 0.361 298
40 50.93 80.07 0.657 6.4
80 90.74 111.01 1.1 10.47
Reed sedge peat 0 21.07 42.72 0.176 0.88
10 2948 46.7 0.604 1.54
20 3544 45.37 1.037 225
40 48.28 68.58 1.628 4.99
80 74.15 106.81 1.734 9.79
Wisconsin peat 0 28.37 48.46 0.203 0.88
10 30.36 54.21 0.498 1.95
20 38.1 60.4 0.783 2.8
40 60.88 74.54 1.523 54
80 92.95 111.23 1.628 9.93
Iowa peat 0 31.03 46.48 0.105 0.98
10 33.46 50.23 0.105 122
20 37.22 46.25 0.123 1.68
40 72.6 82.72 0.213 5.68
80 84.1 133.77 0451 993

- continued -
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Table A-10. (continued).

P Soil Soil Solution
Root zone mix added Bray-1 P Bray-2 P Labile P P
mgkgl e PpMm —---eemem memeees mg kgl
Rice hulls 0 18.2 38.3 0.092 1.16
10 22.18 41.17 0.155 2.9
20 36.55 52.66 0.169 6.09
40 52.7 72.55 0.216 9.79
80 92.95 113.88 1.607 18.7
Isolite 0 2793 64.16 0.15 0.68
10 30.58 63.05 0.123 1.81
20 43.63 76.31 0.184 39
40 58.23 86.26 0.234 6.23
80 112.85 121.62 0.562 9.38
WPL sand 0 26.16 180.18 0.498 1.77
10 21.74 202.28 0.731 1.87
20 24.39 213.33 0614 191
40 26.6 23543 0.815 399
80 40.98 23543 1.21 4.17
Lycon sand 0 22.18 43.16 0.111 0.85
10 24.83 46.48 0.134 1.57
20 3722 56.86 0.245 2.73
40 52.26 73.66 0.34 5.58
80 84.77 99.52 0.625 8.83
Pure sand 0 17.31 36.53 0.092 0.63
10 2395 43.16 0.123 2.16
20 36.55 509 0.195 513
40 50.93 72.55 0.285 7.16

80 90.07 122.72 0.614 13.21

i
i
¢
b
1
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Table A-11. Cation exchange capacities (CEC) for all ten root
zone mixes used in the present study.

Root zone mix

CEC

Canadian sphagnum peat
Michigan sphagnum peat
Reed sedge peat
Wisconsin peat

Iowa peat

Fermented rice hulls
Isolite

WPL sand

Lycon sand

Pure sand

cmol(+)/100 g
1.64
1.85
2.19
1.54
2.87
0.75
0.66
6.25
1.56

047
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