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GOLF GREEN CONSTRUCTION

USING PERLITE AS AN AMENDMENT

Golf green surfaces are among the most highly managed parcels of ground in common use today.  An ideal golf green should have physical properties that allow continuous use with minimum maintenance.  Desirable characteristics include infiltration rates high enough to absorb heavy rainfall, adequate water and nutrient holding capacity, resistance to compaction and adequate aeration.  It is also important that these characteristics remain relatively constant over long periods of time.

Since sand is the ideal medium to resist compaction while providing excellent internal drainage, today’s golf greens are commonly constructed with 75 to 90% sand by volume.  When sand is blended with other materials in proper proportions – conventionally, soil and organic matter – it forms an exceptional plant growth medium that retains adequate amounts of nutrients and water.  However, amendments are sometimes desirable to counteract the tendency of sand to be nutrient-deficient and droughty.

One possible amendment for golf green mixes is Perlite, a volcanic glass material which is mined and reheated to create uniform granules with many void spaces.  Perlite is a commonly used horticultural amendment whose benefits include an increased capacity for water retention whilst retaining good drainage. It has a uniform particle size and an inherit sharpness (i.e. more surface area and resistance to degradation).

The following is a presentation of both a lab study using Perlite in mixtures with different sand sizes and a case study of golf greens constructed with Perlite as an amendment.

Since the texture of the sand is very important in the overall analysis of sand quality, mixtures 

containing three sand sizes (fine, medium and coarse) with varying clay content (1.5, 3.0, and

4.5%) were each mixed with 0 to 40% perlite to assess the physical characteristics of the 
greens mixtures. It is important to remember that sand particle size distribution ranges from a 
diameter of 0.05mm to 2.00mm (a 40 fold difference).  This vast range in sand size creates a 
big difference in the inherent characteristics of very fine, medium and very coarse sands.

	Table 1. USGA specification for Physical Measurements of Green Mixtures

	Bulk Density
	1.20 – 1.60 g/m3

	Porosity
	

	Total
	40-55%

	Noncapillary
	>15%

	Water Retention
	12 – 25% by weight

	Infiltration Rate
	2 – 10 inches per hour

	Silt Content
	< 5%

	Clay Content
	< 3%

	USGA, 1973


Table 1 lists the USGA specifications for green mixtures and Figure 1 compares these specifications to the physical measurements obtained from the treatments evaluated in the study.  An examination of Figure 1 shows that the golf green mixtures prepared using medium sands and Perlite best fit the USGA specifications.
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VALUES IN THE SHADED REGIONS FALL OUTSIDE

                   THE USER RECOMMENDATIONS
Figure 1. Physical measurements for golf green mixtures using three sands with various percentages (by volume) of perlite added
Whilst the perlite amended mixtures with coarse and fine sands meet some of the USGA specifications; they do not meet them all.  Infiltration rate is the biggest problem for these two sands and perlite additions could overcome neither the low infiltration rate of fine sand or the extremely low infiltration rate of coarse sand.  Although the addition of perlite did improve these mixtures, it did not negate the influence of sand particle size.

The problem with both fine and coarse sands are inherent and are the basic reason medium sands are recommended for green construction.  The discussion that follows, therefore, emphasises the results and implications of adding various percentages of perlite to golf green mixtures composed of medium sands.

Soil compaction is probably the most serious on intensively used turf areas such as golf greens.  The addition of perlite to the greens mixtures generally decreased bulk density for the treatments evaluated.  Although little effect on bulk density was noted for the medium sand treatments with 10% perlite, a 20% addition decreased the bulk density from 1.62 g/cm³ to 1.42 g/cm³, a level which falls in the middle of the range that the USGA recommends to reduce problems associated with compaction.

Both the water retention and infiltration rates for greens mixtures are important for the overall management of golf greens; the ideal soil mixture should retain enough water to meet turf needs but at the same time be sufficiently aerated to allow excess water to drain quickly.  With the total porosity around 35-40% for all three medium sands, regardless of clay content, the addition of 20% perlite by volume yielded the greatest total porosity among the medium sand samples; the greatest non-capillary porosity among the medium sands also occurred in the 20% perlite mixture.

It should be noted again that while perlite amendments improved the infiltration rates for both fine and the coarse sands, in neither case was the improvement sufficient for the mixtures to meet the USGA specifications.  In fact, the high silt content in the fine sands caused the infiltration rate to remain very low, even with the addition of 40% perlite.

Used with medium sands, however, Perlite amendments decreased the infiltration rate to within the recommended range of 2 to 10” per hour regardless of clay content; the medium sands with 20% perlite also had acceptable water retention values.  These observations indicate that the soil will retain enough water to promote a healthy turf while controlling the potential for problems with water-logged soil.

By contrast, medium sands without perlite were at or below the 12% USGA recommendation for water retention.  Thus, the Perlite raised this value by between 12 and 16.5% – depending on clay component – and, in general, water retention increased in proportion to increased clay content in medium treatments.

	Table 2. Physical Measurements of the Sand and Perlite Greens at Several Golf Courses in Los Angeles*

	
	Field Data
	Laboratory Data
	

	Golf Course
	Green Number
	Green Age (years)
	Bulk Density
	Water Retention (% by weight)
	Infiltration (in/hr)
	Bulk Density
	Water Retention (% by weight)
	Infiltration (in/hr)
	Porosity

Total

(% by 

volume) Capillary

	Griffith
	2
	<1
	1.29
	18.5
	-
	1.13
	17.1
	91.6
	57.4
	19.4

	
	15
	<1
	1.17
	17.6
	-
	1.18
	16.8
	98.5
	55.5
	19.8

	Encino
	2
	2
	1.45
	17.3
	15.5
	1.42
	18.5
	10.5
	49.4
	26.3

	
	16
	2
	1.56
	13.8
	9.5
	1.5
	14.4
	10.9
	43.4
	21.6

	Hensen
	10
	7
	1.48
	14.2
	25.2
	1.43
	17.6
	11.4
	46
	25.2

	Dam
	13
	7
	1.57
	13.6
	17.4
	1.29
	26.2
	8.4
	57.3
	33.8

	Woodley
	2
	>10
	1.55
	15.9
	-
	1.53
	11.6
	12.3
	42.3
	17.8

	* Compare these data with USGA specifications on Table 1.


Because of the variations in particle size distribution and shape, even among sands classed as medium, any specific sand proposed for golf green mixtures must be tested with amendments before a mixture can be recommended reliably.  Although the addition of perlite on a 20% by volume basis provided some benefit to all treatments evaluated, these benefits proved adequate only when the mixture was prepared using the medium sand selected for the study.

Of the three tested, only the medium sand with 1.5% and 3.0% clay and the coarse sand with 1.5% clay met the USGA recommendations for silt and clay contents.

The medium sand with clay contents ranging from 1.5 to 4.5% and 20% perlite by volume met all of the recommended USGA physical measurements for green mixtures. 
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