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Abstract. In a field experiment, clinoptilolitic  zeolite  was compared to sphagnum peat
and sawdust as sand amendments at 5%, 107o, and 209” (v/v) to enhance ‘Penncross’
creeping bentgrass (Agrostk  palustris  Huds.)  establishment and to compare their grav-
imetric  and volumetric cation exchange capacities and their effects on moisture reten-
tion and cation exchange capacities of the resultant mixes. In addition, cation exchange
capacities and exchangeable K+ and NH; were analyzed from clinoptilolitic  zeolite  of
particle sizes ranging from <0.25 mm to >5.0  mm. AH amendments, except 10?ZO and
20$70  sawdust, resulted in superior establishment compared to unamended sand. Peat-
amended sand retained significantly more moisture than sawdust- or zeolite-amended
sand at – 6, – 10, – 33, and -250 kpa soil matric  potentials. Zeolite exhibited a much
higher volumetric cation exchange capacity than either sawdust or sphagnum peat.
Cation exchange capacity and exchangeable potassium of clinoptilolitic  zeolite  was
greatest when particle size was <0.5  mm; however, little exchangeable ammonium
nitrogen was detected.
Quality turfgrass is most easily maintained
on desirable root zones. Characteristics de-
sired in a root zone include a high cation
exchange capacity and adequate water reten-
tion (Beard, 1973). The characteristics of
high-percentage sand mixes have been spec-
ified (Bengeyfield,  1970; Brown and Duble,
1975; Radko, 1974) and have gained popular
acceptance because they resist compaction
from excessive foot traffic. Because sands
offer little capacity for nutrient and water
retention, however, various organic amend-
ments have been added. Peat is the most
commonly used amendment (Beard, 1982),
but sawdust, shredded bark, rice hulls, ver-
miculite, perlite,  calcined  clay, and sewage
sludge have also been used (Kelley, 1989).
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Zeolites  are crystalline, hydrated alumi-
nosilicates.  There are currently 40 types of
zeolites  known, as based on their chemical
composition, structure, and related physical
properties (Sand and Mumpton, 1978). Be-
cause of their specific three-dimensional
structure, zeolites can act as molecular sieves
(Breck,  1974). Clinoptilolitic  zeolite  (CZ)
exhibits selective retention of NH:  and K+

(Ferguson  and Pepper, 1987; Hershey et al.,
1980; Weber  et al., 1983). Since N and K
are the nutrients that are used in the highest
amounts by turfgrass (Wray, 1974), the ad-
dition of CZ may selectively improve the
nutrient status of sand root zones and provide
better rates of establishment of bentgrass
putting greens than nonamended root zones.

This experiment was designed to 1) com-
pare CZ as an amendment to sawdust and
Table 1. Distribution (percent of total weight) of va
zeolite used in the amendment study.
sphagnum peat for the establishment of
creeping bentgrass; 2) compare gravimetric
and volumetric cation exchange capacities of
the amendments; 3) determine the effects of
all three amendments on moisture retention
of the resultant mixes; and 4) quantify the
cation exchange capacity, exchangeable K+,
and NH; of CZ of various particle sizes.

A field experiment was conducted at Farm
5 of the Puyallup  Research and Extension
Center, Washington State Univ., Puyallup,
to compare CZ with sawdust and sphagnum
peat as amendments to sand (quartz) for the
establishment of ‘Penncross’ creeping bent-
grass from seed. Particle size of CZ was much
more coarse than the sand (Table 1). Due to
its high bulk density, however, CZ exhibits
far superior volumetric cation exchange ca-
pacity (CEC)  than either sawdust or sphag-
num peat (Table 2). Treatments were arranged
factorially in a completely randomized block
design with three types of amendments, four
amounts [OYO,  570, 107o, and 20% (v/v)],
and three replications. Each plot was 1 X 2
m and contained the mix to a depth of 30
cm over natural soil (Puyallup sandy loam)
with no underlying coarse sand or gravel layer.
Mixing was done off site with a large in-
dustrial mixer, and removable wooden frames
were used to fill each plot with the appro-
priate mix. After the mixes were in place and
compacted with a water ballast roller, the
wooden frames were removed from each plot
and border integrity remained intact. Plots
were seeded with 48.8 kg of ‘Penncross’
creeping bentgrass/ha  and supplied with 38.7
kg N, 45.4 kg P, and 40.3 kg IUha from
diamonium phosphate (18N-48PzO#JK,0)
and potassium chloride (ON-0PZ05-60KZO)
immediately after seeding. Establishment
raiings (l–9; 1 = no cover, 9 = complete
fill) were taken 3 and 4 weeks after seeding.
Data were combined. from both weeks for
statistical analyses. Establishment ratings were
tested by analysis of variance procedures
(Steel and Torrie, 1960), and means (six ob-
servations per mean) were separated by least
significant difference (P < 0.05) methods
between amendment types for each rate.

Moisture contents (dry-weight basis) of
unamended sand and sand containing 5’%0,
10%, and 20% (v/v) sphagnum peat, saw-
dust, and CZ were determined at -6, – 10,
– 33, and – 250 kPa soil matric potentials,
rious particle sizes (mm) of sand and clinoptilolitic
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as described by Topp and Zebchuk (1979),
using a pressure-plate moisture extractor (Soil
Moisture Equipment Corp., Santa Barbara,
Calif.) after firming each mix to a bulk den-
sity of 1.3 to 1.45 g·cm-1. Five samples of
each mix were evaluated, and analysis of
variance procedures and least significant dif-
ference methods (Steel and Torrie, 1960) were
used to separate mean moisture contents of
each amendment type at – 10 kPa matric
potentials within each amendment volume and
Table 2. Bulk density and gravimetric and vol-
umetric cation exchange capacities (CEC) of
sand, clinoptilolitic zeolite, sawdust, and
sphagnum peat.

zValues for sawdust and peat from Hershey et al.,
1980.

Table 3. Effect of amendment type at various
volumes on average establishment ratings of
creeping bentgrass (data pooled for 3 and 4 weeks
after seeding).

zRating: 1 = no coverage, 9 = complete cover-
age. Each value represents the average of six ob-
servations.
yMean separation within columns by least signif-
icant difference method, P = 0.05.

Table 4. Effect of amendment type at various
volumes on moisture content at — 10 kPa matric
potential.

zDry-weight basis.
yMean separation within columns by least signif-
icant difference method, P = 0.05. Each value
represents mean of five observations.

Table 5. Moisture contentsz of sand and sand mixes 
and clinoptilolitic zeolite at – 6, – 10, – 33, and 

zValues represent means of five samples compacted
expressed on a dry-weight basis.
yMean separation within columns by least significan

118
at 10% volume within matric potentials.
CEC and exchangeable NH+ were deter-

mined, as described by Black (1965), and
exchangeable K was determined, as de-
scribed by Dahnke (1988), for three repli-
cates from each of nine groups of CZ ranging
in particle size from <0.25 mm to >5.0 mm.
Analysis of variance and least significant
difference procedures (Steel and Torrie, 1960)
were performed to separate CEC, exchange-
able K+, and NH+ means between particle
size groups.

The addition of amendments enhanced
bentgrass establishment, except for sawdust
at 10% and 20% (v/v) (Table 3). Establish-
ment for unamended sand (0% amendment
volume) was quite poor, reflecting the dif-
ficulty in establishing bentgrass greens on
100% sand. At 5% amendment volume; no
statistical differences were observed between
sawdust, peat, and CZ mixes (Table 3), but
at the 10% and 20% levels, both sphagnum
peat and CZ were equally more effective as
amendments than sawdust for establishing
creeping bentgrass.

The poor performance of sawdust (mostly
Douglas fir) as a sand amendment at the higher
levels may be attributed to the depletion of
available N by decompose organisms. Al-
though the decomposition of Douglas fir
sawdust is slow compared to other softwood
species (Allison and Klein, 1961), the rela-
tively high C : N ratio and high cellulose
content of sawdust (Anderson, 1957) pro-
vides a base for stimulated microbial activity
that is in direct competition with the seedling
turf for available N (Walker, 1975). Plots
receiving 10% and 20% sawdust exhibited
thinner stands and appeared lighter green,
indicative of N deficiencies, although no tis-
sue samples were analyzed. Such establish-
ment inhibition by sawdust at the 10% and
20% levels might not have occurred, how-
ever, if the sawdust had been allowed to
weather for 2 to 7 months before use (Wad-
dington et al., 1967).

Amendments are added to sand to improve
both nutrient and moisture retention (Beard,
1973). At all levels at which the amendment
was included, the addition of sphagnum peat
resulted in higher moisture retention of the
sand mix than the addition of either sawdust
or CZ (Tables 4 and 5). Moisture contents
of sawdust- and CZ-amended sand differed
significantly from each other only at the 20%
volume, although all amendments enhanced
moisture content of unamended sand (Tables
containing 10% (v/v) of sphagnum peat, sawdust,
– 250 kPa soil matric potentials.

 to bulk densities of 1.3 to 1.45 g·cm-3 and are

t difference method, P = 0.05.
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4 and 5). Under conditions where irrigation
may be limited, sphagnum peat would pro-
vide superior moisture status to the creeping
bentgrass root zone, relative to either saw-
dust or zeolite.

For the 10% volume mixes, moisture re-
tention consistently was best in peat-amended
sand as the mixes dried (Table 5). Moisture
retention of sawdust- and CZ-amended sand
did not differ significantly, but the addition
of either amendment significantly improved
water retention at all soil matric potentials
compared to sand only. Knowlton and White
(1981) have reported that CZ has a higher
water-holding capacity than sand, and Fer-
guson et al. (1986) attributed enhanced ger-
mination and quality of creeping bentgrass
to enhanced moisture retention of zeolite-
amended sand mixes.

Although adequate levels of P are empha-
sized in seedling establishment (Beard, 1973),
since both N and K are used in high amounts
by turfgrasses (Wray, 1974), selective reten-
tion of these nutrients in zeolite-amended sand
root zones may, at least partially, account
for the enhanced establishment of CZ-
amended sand mixes. Ferguson et al. (1986)
attributed superior N use efficiency and quality
of creeping bentgrass growing in CZ-amended
sand to the ability of CZ to absorb and pro-
tect NH+ from vitrifying bacteria. MacKown
and Tucker (1985) reported that zeolite ef-
fectively enhanced retention of NH+ and re-
duced the amount of N leached from coarse-
textured soils.

Maximum cation exchange capacity and
exchangeable K+ was observed when parti-
cle size was <0.5 mm; however, very little
exchangeable NH+ was present in any of the
CZ samples (Table 6). The CZ used in this
study was very coarse compared to the sand
(Table 1). It follows that maximum CEC and
exchangeable K+ enhancement of the sand
could have been realized using smaller par-
ticles, such as those used by Hershey et al.
(1980) and Ferguson et al. (1986).

The U.S. Golf Association specifies that
properly constructed sand greens possess a
root zone bulk density of 1.2 to 1.6 g·cm-3

(Beard, 1982). Because the bulk density of
sphagnum peat is only 0.1 g·cm-3 (Table 2),
the upper limit on the amount of peat that
can be used as a sand amendment is ≈ 15%
to 20% (v/v). Although bulk density of sand
and zeolite depend on particle size, particle
density of CZ is 2.1 g·cm-3 (Ferguson et al.,
1986), similar to that of sand (2.7 g·cm-3);
therefore, such upper limits of peat-amended
mixes may not be applicable to CZ-amended
sand. Even at levels used in this study, how-
ever, the potential for improving the cation
exchange capacity of sand mixes is very high
using CZ because of its extremely high vol-
umetric CEC compared to either sawdust or
peat (Table 2). As Ferguson et al. (1986)
reported, CZ possesses the desirable physi-
cal properties associated with sand and the
favorable chemical characteristics associated
with clay.

Although establishment of seeded creep-
ing bentgrass was enhanced with CZ vol-
umes up to 20% in this study, Ferguson et
RTSCIENCE, VOL. 26(2), FEBRUARY 1991



Table 6. Influence of particle size on cation exchange capacity (CEC), exchangeable K, and ex-
changeable ammonium nitrogen of clinoptilolitic zeolite.

zValues represent means of three samples.
yMean separation within columns by least significant difference method, P = 0.05.
al. (1986) showed better bentgrass establish-
ment on 5% CZ than on 10% CZ volume
plots. They attributed this higher rate inhi-
bition to high sodium content. The lack of
establishment inhibition with 10% and 20%
CZ in this study may be due to the very
coarse CZ we used. Most of the zeolite used
was gravel size (Table 1), whereas the CZ
used by Hershey et al. (1980) and Ferguson
et al. (1986) was the size of medium-coarse
and very coarse sand, respectively. Although
Ferguson et al. (1986) reported that most of
the sodium was leached within 5 to 6 months,
finer-grade CZ (<1 mm particle size) may
need to be leached of high levels of sodium
before volumes ≥ 10% enhance seedling es-
tablishment.

This study has shown that coarse-grade
CZ compares favorably with sphagnum peat
and sawdust as amendments for the estab-
lishment of creeping bentgrass putting greens
and suggests enhanced establishment is due
to both increased moisture and nutrient status.
However, before general recommendations
concerning the use of clinoptilolitic zeolite
as an alternative sand amendment can be
made, long-term studies need to be done to
evaluate its resistance to breakdown and to
H O R TSCIENCE , VO L. 26(2), FEBRUARY 1991
establish leaching requirements to reduce any
possible detrimental effects of the relatively
high sodium content of the material.
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