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What is on-going?



What can we do?

So, what do we need for high quality turf?

• Optimal water/air ratios in the root zone

• Sufficient nutrient availability for the plant

• Uniform conditions over entire golf course



What can we do?

Irrigation
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Root zone 
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Greens are sand based

Why?

• Sufficient drainage

• Reduced compaction

• Aeration

• Allows intensive play

• Provides uniformity

The importance of root zone design



The importance of root zone design

Different ways of constructing greens

• USGA specification

• Californian greens

• Dutch greens

Specifications give (broad) ranges how greens can be built. 

However, saturated hydraulic conductivity should be al least 
360 cm/day



Sand (soil) consist of a mixture of 
mineral particles, organic compounds
and soil pores

The particle size distribution of the soil
determines to a large extent how much
water can be retained and how
slow/fast water and solutes can be
transported

The importance of root zone design
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Generally fine-textured soils have a larger water holding 
capacity but smaller transport capacity than coarse textured
soils

Field capacity
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Water retention characteristic
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The importance of root zone design

The specific soil physical properties needed to compute flow and transport 
processes are the soil water retention characteristic and the (un) saturated hydraulic
conductivity curve



Evaluation of different root zone mixtures by
using

• A soil-water-grass model (SWAP)

• Daily meteorological data for 1994-
2004 (site in Holland)

• Specific soil properties and plant 
characteristics

• An irrigation criteria (90% ET ratio)

The importance of root zone design



Potential benefits of soil amendments

Soil
amendments
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Several product/technologies are on the market for increasing soil
water availability and improving wetting uniformity (e.g. peat, foam,  
polymers, zeolites, surfactants).

Potentials of foam studied in detail, and proven to make a difference

Potential benefits of soil amendments



Potential benefits of foam – experimental set-up

On the ‘Mosa Trajectum’ golf course in Spain, an experimental set-up was 
constructed to compare two identical USGA greens: one with Fytofoam application
and one without. Aim was to:

• measure the difference in water holding capacity and leaching potentials of the two
experimental greens

• to determine the irrigation water requirements of both greens



Building the bottom part of the greens

Potential benefits of foam – green construction



Foam is mixed into the sand off-site before constructing the test green.

Potential benefits of foam – green construction



The greens were constructed with a 25 cm top layer using USGA-type sand, 
one with and one without Fytofoam mixed through it.

Potential benefits of foam – green construction



Potential benefits of foam – installation of equipment



Potential benefits of foam – installation of equipment



On two plots, 120 moisture sensors have been installed:
- Every plot has 60 sensors; 4 rows of 15 sensors each at 4, 10, 16 and 22 cm 
deep.
- The sensor data is stored every hour.

Sand

Drains

Gravel

Side view

Potential benefits of foam – installation of equipment



Potential benefits of foam – installation of equipment

Tipping bucket
drainage meter 
for measuring
drain outflow
from the plot

Rain gauge



Potential benefits of foam – overview of experimental site



• The data that are retrieved from the TDR moisture sensor are plotted as 
time series

• Information for every time step is rendered two-dimensionally in order to 
give spatial information for the two greens

• The two-dimensional images are displayed sequentially in order to give 
temporal information about water movement in the profiles; a ‘water-
movement animation’ is created

• The ‘animations’ of both greens can then be compared

• Additional water-balance calculations can be done using an advanced 
computer simulation model

Potential benefits of foam – measurement results



Potential benefits of foam – measurement results



Observations indicate that

• The green containing Fytofoam is wetter than the green without foam.
• The green containing Fytofoam can hold water for a longer period of time 

than the green without foam.
• The green with foam apparently needs less irrigation water compared to the 

untreated green.

Potential benefits of foam – measurement results



Potential benefits of foam – model computations

SWAP has been used for computing the irrigation water 
needs of both greens

Model input: weather data, and soil and grass 
characteristics

Model output: water balance, irrigation water 
requirements to keep the turf in optimal 
condition



• irrigation trigger 90% ET

• irrigation rate 5 mm/event

• irrigation scheduled either in the 

morning and/or evening

Potential benefits of foam – model computations



year 2000;    total precipitation 330 mm;     potential ET 1168 mm
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Conclusions

Water usage on golf courses in the Mediterranean can be reduced significantly by

• optimizing green root zone construction

• selecting the most appropriate irrigation system

• improving irrigation scheduling using advanced monitoring techniques

and

• by using foam as a soil amendment to increase the water holding capacity of 

the greens, tees, and/or fairways  


