
head placed on the soil surface. Soil texture and silts, clays) have higher particle densities compared
structure are the inherent properties influencing to organic matter. Particle density can range con-
soil pores. Sand particles, being relatively large siderably but for most mineral soils, this range has
and spherical, cannot "pack" very close together a narrow limit of 2.60 and 2.75 g/cm 3 while organic
and result in many macro- (large) pores which matter has a particle density of 1.1 to 1.4 g/cm3. An
usually drain well. Clay and silt particles, on the average figure of 2.65 g/cm 3 has been assigned to
other hand, are very small and/or platelike and can indicate the particle density of most mineral
pack together resulting in numerous micro- (small) soils and is generally used by soil scientists in
pores. Water cannot pass through micro-pores as calculating other soil properties.
quickly as through macro-pores. Generally, sandy
soils have higher saturated conductivities (drain- Bulk density is defined as the mass (or weight) of
age) than soils high in silt and clay. However, dry soil per given unit volume, including both solids
larger soil pores associated with sandy soils can and pores. Bulk density, unlike particle density, is
become clogged with excessive fine clay and silt. a characteristic of pore space volume as well as soil
Therefore, soils with appreciable clay or silt solids. Since most soils are about half solids and
content (>10% total) should not be used in golf half pore space, bulk densities tend to be about half
green construction. Sand from crushed rock are of the particle density. Finer-textured soils such as
also available but are often weak and with contin- silt loams, clays, and clay loams, are generally
ued compaction, break down into fine particles that more compact and have less large pore space thus
reduce drainage rates below acceptable levels. higher bulk densities than soils such as sandy soils

which have a high proportion of pore space to sol-
Hydraulic conductivity is measured in the labo- ids. Bulk densities of soils generally range from 1.0

ratory by mixing the various ratios of available to 1.9 g/cm 3. Clay, clay loam, and silt loam soils
sand, soil, and/or organic material being considered normally range from 1.0 to 1.6 g/cm 3 while sands
as the root zone mix and placing the sample in a and sandy loams vary between 1.2 and 1.8 g/cm 3.
water bath in order to achieve complete saturation. Very compacted soils may have bulk densities of 2.0
The sample is then placed on a tension table or g/cm 3 or even greater. The ideal bulk density range
plate and subjected to 40 cm tension. The rational for golf greens is between 1.25 to 1.55 g/cm 3 with a
of using 40 cm is that this approximates the dis- minimum limit of 1.20 g/cm3 and a maximum of
tance of the top of the putting surface to the center 1.60 g/cm3.
of the underlying drain line and the sample is
assumed to achieve field capacity when water is Soil porosity
drained at this tension. Field capacity is the mois- Soil porosity or pore space distribution is total
ture level that many standard soil evaluation pro- soil volume not occupied by solid particles. In other
cedures are determined. If more fine particles are words, this is the portion of soil volume occupied by
present in the soil sample, the longer it will take for air and water. In dry soils, pores are filled with air,
the sample to reach equilibrium when exposed to whereas in moist soils, they contain both air and
this tension. Once equilibrium is reached, the water. The arrangement of solid particles in soil
sample is compacted with 45 foot-pounds pressure largely determines pore space. If solid particles lie
to simulate typical soil compaction found on greens close together as in many fine sands or compacted
at field capacity after several years of use. After subsoils, total porosity is low. If they are arranged
compaction, the sample is then re-saturated and in porous aggregates, as often found in medium-
placed on a percolation apparatus with a 0.25-inch textured soils high in organic matter, pore space
hydraulic head imposed. The percolate is measured per unit volume will be high. "Ideal" soil porosity of
over time once the flow is stabilized, and the turfgrass soils contain 50 percent solids and 50
rate is converted to inches per hour. Hydraulic percent pore space, with this pore space equally
conductivity is then determined by Darsy's divided into 25 percent water and 25 percent air.
equation (Appendix A). Sandy soils generally have a total pore space be-

tween 35 and 50 percent while finer-textured soils
Particle and bulk density vary from 40 to 60 percent. Golf greens should

Two important weight measurements of soils have a total of 33 to 50 percent pore space (Table
include particle density and bulk density. Particle 2). Minimum air-filled porosity which will support
density is defined as the mass (or weight) of dry soil good turfgrass growth is between 10 and 15 per-
per given unit volume of the soil solids only, not cent. Values below these indicate discontinuous
including pores. Generally, mineral soils (sands, gas diffusion channels.
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