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Physical
Properties of
Hawaiian Golf
Course Sands

Charles L. Murdoch® and
David L. Hensley?

Additional index words. USGA, coral
sand, recreational turf, turfgrass

Summary. Physical properties (parti-
cle size distribution, bulk density, ca-
pillary pore space, non-capillary pore
space, hydraulic conductivity, and
water retention) of three imported
silica sands (Perth, Malaysian, and
Newcastle), a man-made sand product
(Mansand), and coral sand alone and
in peatmoss mixtures were determined
to evaluate their suitability as golf-
green substrates. Based on laboratory
evaluation of physical properties, the
silica sands amended with peatmoss
(15%) were superior to coral sand or
crushed basalt (Mansand) amended
with 15% peatmoss for use in high-
traffic turfgrass areas.

the oxygen necessary for root

growth, adequate water storage
capacity, and the essential mineral ele-
ments for plant growth. Ideally, soils
would be composed of =50% solid
particles and 50% pore space. The solid
portion of the soil would be =95%
mineral particles (sand, silt, and clay)
and 5% organic matter. The pore space
should be about half large (non-capil-
lary) and half small (capillary. This
ratio of large and small pore space
provides good rootzone aeration, yet
stores enough water to make frequent
irrigation unnecessary.

Turfgrass sites subjected to heavy
or constant traffic, such as golf putting
greens or athletic fields, should be

S oils provide anchorage for plants,
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constructed with sand or mixtures
dominated by sand. Sand retains suffi-
cient large pore space for adequate
rootzone aeration and drainage. Sand
particles are relatively large and are not
easily compactable. Rootzone mixtures
dominated by silt or clay particles may
have adequate large pore space when
uncompacted because many particles
may be grouped into aggregates. The
aggregates act as one large particle.
The forces binding these particles into
aggregates, however, are relatively
weak, so they are broken quickly into
individual fragmentswhen compacted.

Sand has been the physical soil
amendment of choice for construction
of high-traffic turfgrassareas. The term
sand, however, simply refers to the size
of the individual particles and does not
indicate the chemical composition of
the material. In continental areas, silica
sand is plentiful and is the most com-
mon amending material. Turfgrass re-
searchers and soil physicists have char-
acterized the properties of sand suit-
able for turfgrass areas. This research
has resulted in the present recommen-
dations of the United States Golf Assn.
(USGA) Green Section on golf greens
construction (U.S. Golf Assn. Green
Section Staff, 1974). They specify that
sands with particle sizes ranging from
1.0to 0.1 mm in diameter are suitable
for use in constructing golf putting
greens. They further recommend that
a minimum of 75% of the particles
should be in the “medium” sand clas-
sification (0.5 to 0.25 mm in diame-
ter).

Although tropical islands usually
have broad sandy beaches, the sand on
these beaches is composed of broken
coral that has been ground to sand size
by wave action. There are no deposits
of silica sand in Hawaii or other Pacific
islands. While coral sand may in some
instances have desirable physical prop-
erties, it is composed primarily of cal-
cium carbonate. This results in some
undesirable chemical properties. The
pH of turfgrass rootzones constructed
of coral sand is usually 7.5 t0 9.0. The
high pH results in reduced availability
of several essential elements, especially
micronutrients such as Fe, Zn, and
Mn.

Unfortunately, it is not possible
to adjust the pH of rootzones con-
structed of coral sand. Acidic materials
added to the soil simply react with the
coral until the acid is neutralized. This
results in dissolution of some of the
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coral sand and eventually the forma-
tion of a cement-like layer at the bot-
tom of the rootzone. This hardpan is
impervious to water and has a severe
impact on plant growth and manage-
ment.

In 1976, the Hawaii State Legis-
lature passed a law prohibiting dredg-
ing of sand below the permanent high-
water mark on beaches. Coral sand was
then obtained from dune deposits in-
land, or by mining prehistoric inland
coral deposits and grinding the coral
into sand-sized particles. Coral sand
dune deposits are very fine to fine
particles, because the coral sand was
carried by wind currents. Dune sand is
not generally suitable for constructing
greens to USGA specifications. Ground
coral particles are highly variable in
size and tend to pack together tightly.

In addition to dune and ground
coral sand, crushed basaltic rock
(Mansand) and cinders have been used
for constructing turfgrass areas in Ha-
waii. Mansand is not ideally suited for
greens construction because the par-
ticles are larger than ideal and have
sharp edges, which results in tight
packing when compacted. The par-
ticle sizes of cinders are very variable
within a given location. Cinders are
also not very resistant to compaction.

In the past few years, develop-
ment of golf courses and the corre-
sponding demand for sand have in-
creased dramatically in Hawaii and
throughout the Pacific Rim. Increased
demand has led to bulk shipping and a
parallel reduction in shipping and ma-
terial costs for silica sands imported
from the mainland United States and
other countries.

Several suppliers of local sand
products and imported silica sand are
presently operating in Hawaii. Differ-
ences in cost and physical and chemical
properties of the materials have led to
questions from contractors and devel-
opers. To answer some of these ques-
tions, we compared the physical prop-
erties of commonly available imported
sands used in golf course construction
and management with those of locally
produced ground coral sand and
Mansand.

Two silica sands imported from
Australia (Perth and Newcastle sands)
and one from Malaysia (Malaysian
sand) were obtained from commercial
sources. These are typical imported
sources for greens construction sands
in Hawaii and the Pacific Rim. Ground

HortTechnology - April/June 1994 4(2)

Table 1. Particle size distribution of selected silica sands (Perth, Malaysian, and Newcastle),
ground coral sand, and crushed basalt (Mansand) used in Hawaii. USGA recommendations:
acceptable range 1.0 to 0.1 mmy; ideally 75% 0.5 to 0.25 mm.

Sand
Sieve opening (mm) Perth Malaysian Newcastle Coral Mansand
Particles retained (%)
2.0-1.0 (very coarse) 1.8 5.4 0.0 2.2 62.9
1 .0-0.5 (coarse) 17.6 18.2 2.8 26.9 13.7
0.5-0.25 (medium) 72.5 61.7 86.7 57.9 16.3
0.25-0.1 (fine) 7.9 14.1 10.4 12.8 6.0
<0.1 mm (very fine) 0.2 0.6 0.1 0.2 1.1

coral and crushed basaltic rock
(Mansand) were used as standard lo-
cally available construction materials.
Each sand was evaluated with and with-
out a hand-shredded sphagnum peat
amendment, 15% by volume.

Particle size distribution of the
sands only was obtained by sieving
500-g dry samples through a series of
ASTME-11 specification stainless steel
sieves for 30 min using a sieve shaker
(W.W. Tyler, Mentor, Ohio). Bulk
density (weight per unit volume) was
measured for each sand and sand-
peatmoss mixture. Percent total po-
rosity was calculated as [(particle den-
sity — bulk density )/particle density] x
100.

Total, capillary, and non-capillary
pore space at 40 cm (16 inches) ten-
sion were determined by a pressure
plate (Klute, 1968). This tension was
selected because the rootzone of golf
greens constructed to USGA specifi-

2 No PM

B with PM

Bulk density (g-cm-3)

cations are » 40 cm ( » 16 inches) in
depth. At field capacity, water in these
greens therefore would be under» 40
cm (» 16 inches) tension. Capillary pore
space was calculated as the weight of
water remaining in the medium at 40
cm (16 inches) tension. Non-capillary
pore space represents the total pore
space at 40 cm (16 inches) minus
capillary pore space.

Hydraulic conductivity (cm-h’),
the amount of water passing through
the medium in a given time, was deter-
mined using laboratory infiltrometers
(McNeal and Reeve, 1964). Water
retention (cm-m’ substrate depth) was
calculated from water in capillary pore
space.

Physical properties of each sand
and sand-peatmoss mixture were com-
pared to those recommended by the
USGA. All measurements were repli-
cated three times.

Particle size distribution. Siev-

Perth Maiaysian

Newcastie

Sand

Fig. 1. Bulk density (g-cm”) of sands and sand-peatmoss (PM) (15%) medium evaluated. The
USGA recommends a bulk density of 1.25 to 1.4 g-cm’for a greens substrate.
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Perth Malaysian

Newcastle Coral

Mansand

Sand

Fig. 2. Capillary pore space (%) of sands and sand-peatmoss (PM) (15%) medium evaluated. The
USGA recommends a capillary pore space between 15% and 25% for a greens substrate.

50-
No PM
40 With PM

Non-capillary pore space (%)

ing revealed that the Newcastle sand
had the most desirable particle size
distribution (Table 1). The USGA rec-
ommends that sands for golf greens
construction have a particle size range
from 1.0 to 0.1 mm in diameter. Ide-
ally, a minimum of 75% of the particles
should be in the “medium” sand range
(0.5 to 0.25 mm in diameter). Perth
sand was very close to the USGA rec-
ommendations, with 72. 5% of the par-
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Sand

Fig. 3, Non-capillary pore space (%) for sands and sand-peatmoss (PM) (15%) mixtures
evaluated. The USGA recommends a non-capillary pore space of 15% to 25% for a greens
substrate.

titles in the medium sand range. Ma-
laysian sand had a wider range of par-
ticle sizes than did the other silica
materials. The wider range of particle
sizes would likely result in diminished
large pore space and a greater ten-
dency to compact over time.

Neither coral sand nor Mansand
had desirable particle size distributions.
Coral sand had a wide range of particle
sizes. Cord sand contained » 27% coarse

sand, 60% medium sand, and 13% fine
sand. The crushed basalt (Mansand)
contained » 63% very coarse sand, 14%
coarse sand, and 16% medium sand.

Bulk density. USGA recommen-
dations for bulk density of suitable
sands range from 1.25 to 1.4 g-cm”.
All unamended silica sands (Perth,
Malaysian, and Newcastle) had bulk
densities greater than the USGA rec-
ommendations (Fig. 1). When peat-
moss was added, however, the bulk
densities of all sands, except coral sand,
were in or very near the recommended
range.

Capillary pore space. None of
the unamended sands provided the
minimum capillary pore space recom-
mended by USGA (Fig. 2). However,
when peatmoss was added, all three
silica sands were slightly above the
minimum recommended capillary pore
space. Neither coral sand nor Mansand
provided adequate capillary pore space,
even with 15% peatmoss. This indi-
cated that rootzone mixtures of coral
sand or crushed basalt (Mansand) and
peat would require more frequent
watering to prevent drought stress to
turfgrasses.

Non-capillary pore space. All
sands and sand-peatmoss mixtures had
non-capillary pore space exceeding
USGA recommendations (Fig. 3).
Non-capillary pore space of all silica
sand—peatmoss mixtures (Perth, Ma-
laysian, and Newcastle) were moder-
ately above this recommendation level
and would likely cause no significant
problems in turfgrass culture. Non-
capillary pore space of coral sand and
Mansand was excessive, even with 15%
peatmoss. This reflects the relative
coarseness of these sands compared to
the silica materials. Mixtures of coral
sand or Mansand would be well-
drained, as indicated by the limited
capillary pore space. However, they
would not provide sufficient water stor-
age capacity to prevent frequent irriga-
tion during periods of high water con-
sumption.

Hydraulic conductivity. The
hydraulic conductivity of all sands and
amended sands exceeded USGA rec-
ommendations (Fig. 4). This is related
to the high non-capillary pore space
(Fig. 3). The addition of peatmoss to
silica sand (Perth, Malaysian, and
Newcastle) resulted in hydraulic con-
ductivities only slightly above the maxi-
mum recommended 43 cm-h”(17
inches/h). Hydraulic conductivity

HortTechnology - April/June 1994 4(2)
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Fig. 4. Hydraulic conductivity (cm-h”) of sands and sand-peatmoss (PM) (15%) medium
evaluated. The USGA recommends a hydraulic conductivity (cm-h") of 25 to 43.
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Fig. 5. Water retention (cm-m’) for sand and sand-peatmoss (PM) (15%) medium evaluated.
USGA recommends water retention for greens mixtures between 11.9 and 18.6 cm-m’ for a

greens substrate.

should decrease over time after
turfgrasses are established on the sub-
strate (Schmidt, 1980; Waddington et
al., 1974). However, these values might
not be excessive for an established
green. Mansand and, to a lesser extent,
coral sand had excessive hydraulic con-
ductivity values with or without addi-
tion of peatmoss. These values are
again a reflection of the larger particle
sizes of these sands and the resulting
non-capillary pore space.

HortTechnology - April/June 1994 4(2)

Water retention. Water reten-
tion per meter of depth is an expres-
sion of the amount of capillary pore
space. It is useful to predict irrigation
scheduling under different water de-
mands. As expected, none of the sands
alone provided the recommended wa-
ter retention of 11.9 to 18.6 cm-m”
(1.4 to 2.2 inches/ft) (Fig. 5). When
15% peatmoss was added, all silica
sands (Perth, Malaysian, and New-
castle) were well within the recom -

mended 11.9 to 18.6 cm:'m” (1.4 to
2.2 inches/ft). Managers often sched-
ule irrigation when about half the avail-
able water has been depleted. Media
with the recommended USGA water
retention level would require watering
every 3 to 4 days at about maximum
turfgrass water use (evapotranspiration)
rates [0.6 cm (0.25 inch) per day].

These data show, based on labo-
ratory analysis of physical properties,
that the silica sands amended with
peatmoss(15%) were superior to coral
sand and Mansand amended with 15%
peatmoss for use in turfgrass greens.
Coral sand also has highly undesirable
chemical properties. It is » 98% cal-
cium carbonate. Golf putting greens
constructed of coral sand commonly
have a pH of 8.0 to 9.0. High pH
interferes with nutrient availability, es-
pecially micronutrients such as Fe. The
pH of coral sand greens cannot be
lowered with acid-forming materials
such as S. The coral reacts with the
acid, dissolving some of the sand and
leaving the pH unchanged. Over a
period of time, enough coral dissolves
and moves through the rootzone to
form an impervious cement-like layer
at the base of the green. Although the
cost of imported silica sand is greater
than coral sands or crushed basaltic
rock (Mansand), imported silica sands
should be economically advantageous
over time due to the improved physical
properties when amended with
peatmoss. Turfgrass performance
should be superior with fewer inputs
of fertilizer and water.
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