
mounted and self-propelled units.
Initially, and still on many models

today the penetration is achieved
simply by weight, but during the
'70s a new concept was launched.
This consisted of tines mounted on
a series of arms that were power-
driven by a crankshaft. It was
found that it worked on hard com-
pacted soil, which had previously
been virtually impenetrable.

Hollow tines
These are mainly used where it is

necessary to change the soil com-
position or to help with the
removal of thatch. The frequency
of treatment has to be carefully
monitored as soft playing surfaces
can result from excessive use. Mini

tines are available for dealing with
thatch and also re-seeding.

The biggest problem when using
hollow tines is clearing up the result-
ing cores, although there are
machines available to speed up this
operation.

Dig deep
When hand digging the earth is

lifted before being turned over. This
process effectively opens up the soil
and was the principle used in the
development of the Verti-Drain. The
system had some distinct advan-
tages over what had previously been
available. Using a heave and lift
action meant minimum surface dis-
turbance and it worked down to a
maximum depth of 40cm. This

machine continues to play an
important role in modern turf man-
agement practices. .

Air Pressure
Getting closer to the true defini-

tion of aeration is the use of
compressed air. This is best suited

to selected problem areas such as
wet or dry spots. Air under pressure
creates a mini earthquake loosening
the soil and opening up fissures and
cracks. Small polystyrene beads can
be injected into the soil to provide
support to aeration and the help the
percolation of water, oxygen and fer-
tiliser. The probes can be used at any
depth down to 1 metre, although
above 250mm there is a possibility
of surface damage. This type of unit

is fairly specialised so is usually
hired complete with operator. There
are, however, some pedestrian mod-
els available which may be worth
considering if one has this type of
persistent problem.

Water Pressure
In recent years we have seen the

introduction of high-velocity water
injection systems. The water
droplets travel like minute bullets
into the soil and fan out to max-
imise their affect. The units operate
to a depth of lOcm to 15cm and
down beyond 51em if required.
They leave virtually no mark on the
surface, so play is not interrupted.
Chemicals can also be introduced
into the root area using this method.
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Maldng the earthmove

For more information
about aeration and
aeration products contact:

Risboro Turf: 01844274127
C+P Soilcare: 01449 741012
Multi-Core: 01937 843281
Greensward: 0113 267 6000
Sisis: 01625 503030
Twose of Tiverton: 01536511243
Turf Care Purchasing: 01903 203242
Charterhouse: 01428 661222
Lely: 01480 476971

Aerating or root
feed req ui red 7

Problem solvedl
The Terralift &
Deep Drill can

solve your problems
associated with
compacted soil.

Terralilt - aerates and root
feeds turf & trees to 1metre

DeepDrill- improves root
growth down to 10" by

drilling holes, leaving an
unmarred surface
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Surface break-up
Especially during long dry spells a

hard crust forms beneath the turf
and stops the ingress of water, air,
fertiliser and top dressing. This can
be kept open by regular use of a
spiked roller to gently break up the
surface.

These are available for use behind
a tractor or as a pedestrian model
for greens.

Suck or blow
A system that may be the way for-

ward for many courses uses the
existing drainage system to either
blow air into the root zone, or suck
water and air down from the sur-
face. Developed by a Course Super-
intendent at Augusta National, this
greens management system could
have distinct advantages.

One drawback is that not all
greens have a suitable drainage
system and it also has to be borne
in mind that, while it may help
with the compaction problem, it is

• Relief in compaction

• Improved aeration &
percolation of water to
the root zone

• Along-lasting, healthy
soil structure

• Deeper; wider and
ore vigorous root
evelopment

still necessary to use other equip-
ment to alleviate it.

Conclusion
The advent of more people tak-

ing up golf plus, in many cases the
commercial aspect (minimal loss
of green fees) has placed increas-
ing pressure on both the playing
surfaces and greenkeepers.

For many, compaction is a major
problem that will not go away and
regular aerating is necessary as
part of a turf management pro-
gramme if it is to be kept in check.
In recent years there have been
some significant changes (suck or
blow) in the approach to the prob-
lem which may prove to be the
answer for some courses. The
quest to find the ultimate answer
continues.

In the meantime greenkeepers
will find plenty of equipment
available that will help them to
have some control over the situa-
tion and benefit the turf.







biodegrade nutrients, organic matter
and hydrocarbons reducing surface
scum, algae blooms and silt build up,

I improving water clarity and quality.
Each gram of Crystal Clear WSPTM
contains 4 billion CFU's (Conlony
Forming Units) of a proprietary
blend of 17 bacillus bacterial strains.
Crystal Clear will not only control
algae, water clarity, methane and
sulphide odours, but will also reduce
silt levels by up to 30cm per year

Lake Colourant WSpTMis both inexpensive and also the easiest
way to create natural looking blue water. Available in no-mess
water soluble packets, Lake Colourant WSpTM involves no
pre-measuring, simply add the pack to the water feature for
rapid colouring. Lake Colourant WSpTMis ideal for use in lakes,
ponds, water hazards and large fountains. Lake Colourant
reduces the amount of sunlight penetrating the water
consequently reducing photosynthesis and thus acting
as a non-toxic, natural suppressant of aquatic weeds.
Lake Colourant WSpTMis available in cases of 6WSP's.
Each will treat 1500m3

•

For a full Range of Aquatic equipment
from Rakes, Thermometers and Meters

contact us at:
Reading Business Centre, Weldale Street,
Reading, Berkshire RG1 7BX.
Telephone: +(44) Oll8 951 0033
Fax:+(44) 0118 951 0044
http://www.AmenityTechnology.comTECHNOLOGV
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Only one
company has been

selected to supply the
Irrigation requirements
for St Andrews, venue of

the millennium Open

And that's not all. Toro irrigation
products have been selected to
be installed on all the five and a
half golf courses that make up the
St Andrews golfing complex. In
fact more golf courses world-wide

Total Solutions,
from the ground up

select Toro irrigation systems than
all other brands combined ... and,
Toro irrigation products are used'
on approximately 80% of the Pro-
fessional Golf Association (PGA)
European tour courses.

Hydroscape is the UK and Ireland
Distributor for Toro Irrigation Products

For more information call 01425476261

HYDRO A network of qualified dealers are
ready to respond to your needs with
quality service and support.§CAPE

Hydroscape, Water House, 10 Carvers Industrial Estate, Southampton Road,
Ringwood, Hampshire BH241JS. Tel: 01425476261 Fax: 01425472380.
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Dr Stephen Baker, Head of Soils and Sports
Surface Science, STRI, Bingley assesses the value
of laboratory testing of golf green rootzones...

In recent years there has been
considerable debate about the
value of laboratory testing for the
selection of materials for golf green
construction. Much of the informa-
tion that has been presented has
been anecdotal and perhaps some-
times based on extreme cases. In
addition, there is little evidence
that detailed measurements have
been carried out so that conclu-
sions can be based on meaningful
data. The objective of this article is
to present the results of two major
studies at the STRI where we
addressed the issue of comparing
laboratory and field measurements
to see whether laboratory analysis
can be used to predict subsequent
performance in the field.

Figure 1: Relationships between
laboratory hydraulic conductivity

measurements and field values of
infiltration rate measured at the

beginning and end of the trial

STRI field trial
Results of the first study were pre-

sented at the International
Turfgrass Society Conference in
Australia. This study had two parts,
firstly the construction of a series of
experimental plots at the STRI cov-
ering an area of 34m x 13m and
secondly a laboratory programme
in which the effects of different
moisture levels and compaction
procedures were examined.

If we consider first the field trial,
this consisted of a suspended water

June 1989 April 1992
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table construction of 250mm of
rootzone material, 50mm of coarse
sand blinding layer and a 150mm
deep drainage carpet of 5-10mm
gravel. It included 16 different
rootzone materials in 2m by 2m
plots .each of which was repeated
four times.

The rootzones were formed from
blends of a sandy loam soil with
four different sands in four mixing
ratios i.e. 1:1. 1:2. 1:4 and 0:1
(soil:sand by volume). In other
words mixing ratio ranged from 1
part soil to 1 part sand mixes to
pure sand rootzones. The sands
had contrasting grain size charac-
teristics and they included three
uniform sands (medium-fine, medi-
um and medium-coarse) and one
sand with a wide spread of particles
which was therefore susceptible to
interpacking. The experimental
plots were sown with a fescue-bent
seeds mixture in June 1988.

Subsequent management was
typical of that for a good quality
golf green and wear started in July
1989 using one of the STRI's dif-
ferential slip wear machines. A vast
number of properties of the turf
were measured such as changes in
grass species composition, ball roll
characteristics and the stopping
distance of golf balls fired with con-
trolled conditions of velocity, angle
and backspin. However, the most
important characteristics as far as
this study was concerned were
water infiltration rates, soil porosi-
ty, air-filled pore space and water
retention. Infiltration rates were
assessed each spring by hammering
concentric rings of 300mm and
500mm diameter into the plots and
measuring how quickly water
entered the turf surface. Porosity
and water retention characteristics
were assessed at the end of the trial
in 1992 from undisturbed cores

taken at depths of 10-90mm and
100-180mm.

Samples of the different rootzone
materials were submitted to the
STRI's Soil Physics laboratory after
blending. In the laboratory we
examined the effects of two levels
of compaction and four moisture
contents at the time of compaction.
The test procedure was very similar
to that used in the USGA test
methods except that the two levels
of packing energy (18.9 and 47.3kJ
per m2) were either side of the
compaction energy used in the
USGA test (30.3kJ per m2).

Compaction energy and moisture
content at the time of compaction
inevitably have some effect on the
values obtained but the most
important factor in the current
debate is how well measurements
in the laboratory compared with
corresponding assessments on the
turf plots.

Drainage rates into the field plots
inevitabfy decreased with time
because of a build-up of com-
paction, root blockage of the pore
space and accumulation of organic
fines but as Fig 1 shows there is a
strong relationship between
hydraulic conductivity measured in
the laboratory and drainage perfor-
mance in the field. Under United
Kingdom conditions it is very rare
for rainfall to exceed 15mm per
hour and using equation for the
data in April 1992 (four years after
construction) a drainage rate in the
laboratory of 148mm per hour
would be required to ensure infil-
tration rates exceeding the 15mm
per hour mark. This value agrees
almost exactly with the lower limit
of 150mm per hour given in the
USGA recommendations for
putting green construction.

Relationships between air-filled
pore space and capillary porosity
(water filled pore space) measured
in the laboratory and field are
shown in Fig 2. Again the relation-
ships were strong, in other words
the laboratory data are very useful
for predicting which rootzone
mixes are liable to be water reten-
tive and which rootzone materials
are likely to be droughty in nature
therefore requiring more watering.

Golf greens with sand
dominated rootzones

The trial on the STRI experimen-
tal plots had the advantage that all
the rootzones had exactly the same
management and exactly the same
amount of wear. The second project
examined relationships between
laboratory measurements on real
golf greens, generally 5-15 years
old, which formed part of a survey
of sand dominated golf greens
financed by the R&A. Again physi-
cal properties of the greens were
measured using double ring infil-
trometers and undisturbed cores.



Figure 2: Belatlonshlps between laboratory measurements
of air-filled pore space and water retention at 40cm tension

and corresponding measurements made on undisturbed
cores taken from a depth of 10-90mm in the field plots

This time the rootzone material for
the laboratory study had to be col-
lected from the established turf
using large samples taken by a golf
hole cutter.

In this study there were again sig-
nificant relationships between labo-
ratory and field measurements but
compared to the earlier study the
relationships were weaker for all
parameters except total pore space.
The stronger relationship for total
porosity probably reflects the
greater range of values that
occurred in the golf green survey

Studies elsewhere
The findings of relatively good

relationships between laboratory
and field measurements under the
closely controlled conditions on
field trials (where management and
wear are standardised) but weaker
relationships for real greens has
also been found in a number of
studies in the United States. This
perhaps leads to the conclusion
that laboratory measurements can
be very valuable in assessing the
potential performance of a root-
zone for a golf green but variations
in management have the capacity
to affect performance in the field.

For example a well formulated root-
zone mix with the potential to pro-
duce a free draining, high quality
putting surface may give lower than
expected drainage performance
because of abuse during construc-
tion (eg working in wet condi-
tions), a lack of aeration work or
subsequent use of a much finer top
dressing.

There are also undoubtedly cases
where a rootzone has been tested
and approved in a soil testing labo-
ratory but poor quality control has
meant that the material delivered
to the site bears little resemblance
to the material examined in the lab-
oratory

The quality of laboratory
test results

The second main issue that is rel-
evant is the standardisation of test
methods and the reproducibility of
results from laboratories. Some of
alleged variability in rest results
may have resulted from the fact
that soil properties can quite legiti-
mately be measured using different
test procedures. In reality this does
not matter as long as results are
interpreted taking account of the
test method that was used, but it
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does mean that people must be
wary of comparing results from dif-
ferent laboratories. In addition it
does provide ammunition for any-
one wishing to criticise the whole
concept of testing. In this respect
the standardisation of methods for
the testing of the physical proper-
ties of rootzones by the USGA
must be welcomed. In the same
manner the CEN standardisation
procedure taking place within
Europe, for which I head the task
group on golf, may ultimately help
with respect to chemical test meth-
ods and other test procedures.

Problems of reproducibility of test
results are being addressed through
the USGA's Laboratory Proficiency
scheme of which the STRI have
been members from the outset.
Samples are sent to the participat-
ing laboratories on a quarterly basis
and statistical analysis of the test
results provides a mechanism to

10 100 1000

Capillary Porosity (Laboratory)

identify the reliability of the labo-
ratory and to identify if any errors
are occurring. Use of a laboratory
participating in this scheme is an
important step to ensure reliable
test results.

Final thoughts
In conclusion, an experienced sci-

entist or agronomist may well have
a pretty good idea of the potential
performance of a rootzone material
just by visual inspection but labora-
tory test results can be very useful
in assessing the physical properties
of more marginal materials.
Furthermore many developers of
new golf greens simply do not have
the experience to compare the mer-
its of different rootzones and there-
fore test results, and their interpret-
ed by a suitably qualified agrono-
mist, is an essential part of ensuring
that a good quality product is
obtained.
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The Greenkeepers Training Committee (GTC) are continually reviewing the
approved status of colleges offering green keeper training courses. This guide shows
colleges offering courses to craft. supervisory and management levels. but it must
be stated that until the GTC review is completed only the green coded colleges are
approved to train greenkeepers beyond craft level. The introduction of vocational

qualifications into industries. has caused the colleges to re-think their training poli-
cies and the GTC will be issuing guidelines for the golf greenkeeping industry as to
which colleges employers and their staff should be supporting. Anyone with a query
regarding green keeper training should contact the Greenkeeper Training Committee
at Aldwark Manor. Aldwark. Alne. York Y061 1UFo Tel: 01347 838640.

(i ASKHAM BRYAN COLLEGE Askham Bryan, York Y02 3PR. Contact: The Registry Tel: 01904 772211. National Certificate
in Horticulture, National Diploma in Horticulture (Turf Option), Higher National Diploma in Horticulture (Golf Management
Option) all available full or part time. Block release courses: NVQ Level 2 Greenkeeping, NVQ Level 3 Greenkeeping and
Sportsturf Maintenance, NVQ Level 4 Amenity Horticulture. Short courses: FEPA spraying, chainsaw and brushcutter courses.

REASEHEATH COLLEGE Nantwich,CheshireCW56DF. Tel:01270625131Fax:01270625665. Fulltime: BTECFirst DiplomaHorticulture(Sportsturf

_~~ R~A~i'~:GAZH
Option) - 1 year. BTECNationalDiplomaHorticulture(SportsturfOption) - 2 years. BTECHigherNationalDiplomaGolf CourseManagement- 3 years. Part-
time: HNCGolf CourseManagement- DistanceLearning. NVQLevel1 Greenkeeping- DayRelease.NVQLevel2 Greenkeeping- Day/BlockRelease.NVQ
Level3 Greenkeeping- Day/Block Release.C&GPhaseIV Greenkeeping. BlockRelease.loG NationalIntermediateDiplomain TurfCulture- DayRelease.
loG NationalDiploma- DayRelease.ShortCourses: FEPAChemicalSafety;Safe lifting; Chainsaws;Off-RoadVehicleDriving;FirstAid. NVQ Level4.

SHIPLEY SHIPLEY COLLEGE Exhibition Road, Saltaire, Shipley. West Yorkshire BD18 3JW. Tel: 01274757222. Full time courses:
BTEC First Diploma Horticulture (Environment and Landscaping). BTEC National Diploma Horticulture, BTEC National Diploma

COLLEGE Environmental Horticulture. Part time: Greenkeeping NVQ 2. Amenity Horticulture NVQ 2/3, Horticulture Skills Test, Pesticide
Spraying. Royal Horticulture Society Certificate, City & Guilds Gardening Certificate.

D HOUGHAll COllEGE DurhamCollege of Agriculture and Horticulture, Houghall. Durham DH1 3SG. Contact TonyMilan. Tel:01913861351.

HougI[all Full time courses: National Certificate in Horticulture/Greenkeeping and Groundsmanship- 1 year; National Diploma in Horticulture Turf Option -
2/3 years. Part time courses: Greenkeepingand Sportsturf Management level 2 - Day release; NVQ level 3 Amenity Horticulture - Afternoon-

CO~ Evening.Short Courses: Health & Safety Legislation; Turfcare; Machinery & Mechanisation.All courses contribute towards NVQ levels 1 and 2.

MYERSCOUGH COLLEGE Bilsborrow, PRESTON, Lancashire PR3 ORY.Contact: Course Enquiries Tel: 01995 640740 Fax:01995 640842

, Myerscough Email mailbox@myerscough.ac.uk WWW http://www.myerscough.ac.uk. Full time courses: BSc (Hons) Turfgrass Science - 4 years; HND Turf
Science and Golf Course Management - 3 Years; ND Turf Science and Sportsground Management - 3 years; National CertificateCollege
Groundsmanship and Greenkeeping - 1 year. Part time courses: NVQ Level 2 and 3 Greenkeeping and Sportsturf Maintenance (plus Fast track
option); Higher National Diploma Turf Science and Golf Course Management; Certificate and Diploma in Turf Irrigation; FEPAshort courses.

Profit through Skill MOULTON COLLEGE, Moulton, Northampton, NN3 7RR Tel 01604491131 Fax 01604 491127. Full time: BTEC First
Diploma in Horticulture - 1 year. BTEC National Diploma in Horticulture - 2 years. National Certificate in Horticulture - 1 year.
Part time: NVQ2 Amenity Horticulture with Sports Turf Care. NVQ3 Sports Turf Maintenance. Both NVQs - 1 day per week over
2 years Short Courses: FEPA - 2 days. Chainsaw Operators Certificate - 1 week

RODBASTON COLLEGE Rodbaston, Penkridge, Stafford ST19 5PH. Contact Nigel Foskett. Tel: 01785 712209.
Courses offered: NVQ Levell ,2,3 and 4 by Day Release. FEPA and chainsaw training.

BROOMFIELD COLLEGE Morley, IIkeston, Derby DE7 6DN. Contact Admissions Officer. Tel: 01332 831345. NVQ Levell
and Level II Amenity Horticulture (Greenkeeping) Block Release course. Two years duration presented in 12 one-week blocks
following guidelines of GTC Training Manual. NVQ Level III gained by 9x 3-day blocks or day release or APL service. Also avail-
able TDLB, Pesticides, Chainsaw and First Aid Training.

BROOKSBY COLLEGE Brooksby, Melton Mowbray. Leics LE14 2LJ situated on the A607 between Leicester and Melton
Mowbray Contact Ann Hurt / Jo Lees Tel: 01664 434291. Day release NVQ Level 2/3 Greenkeeping, includes GTC training
manual (2 years). Short courses available in arboriculture/chainshaw work, FEPA spraying and machinery maintenance.

•
• 'Warwickshire

• COLLECiE

WARWICKSHIRE COLLEGE, Moreton Morrell, Warwick CV35 9BL. Contact Brian Cook. Tel: 01926318268. Greenkeeping
courses - NVQ levels 2 and 3 (day release), NVQ levels 2 and 3 underpinning knowledge only (block release), NVQ level 4 (block
release), lOG National Intermediate Diploma (evening class), 2-year ND in Horticulture with turf culture option. We also offer short
courses in FEPA, Chainsaw, First Aid etc to cater for individual and company training needs: Call us to discuss your requirements.

clh HADLOW COLLEGE Hadlow, Tonbridge, Kent TNll OAL. Contact Tony Leach Tel: 01732 850551. NVQ Level II and Level III
Part-time Day Release with two periods of Block Release or evenings. Level II in Groundsmanship evenings. NVQ Level III Golf
Greenkeeping. BTEC First Diploma Sports Turf Management, National Diploma in Horticulture (Sports Turf option). Centres at

Hadlow Hadlow, Canterbury, Maidstone and Nottingham.
coll.g.

IJNescot
N ESCOT North East Surrey College of Technology, Reigate Road, Ewell, Epsom, Surrey KT17 3DS. Contact Dr S Shaw. Tel:
0181 394 3220/3049. NVQ Levels I, II and III in Amenity Horticulture (Greenkeeping options) Training and assessment for the
Greenkeepers Training Manual. Part time, Day Release. Duration: Two years to Level II. FEPA Spraying Courses.

~
PLUMPTON COLLEGE Lewes, East Sussex BN7 3AE. Contact David Blackmur. Tel: 01273 890454. Full time courses: National Diploma in
Amenity Horticulture (options in Landscape and Sportsturf): National Certificate in Amenity Horticulture; First Diploma; All BTEC. Part time
courses: NVQ Level II Amenity Horticulture in Arboriculture, Interior Landscaping, Hard Landscaping and Greenkeeping, Sportsturf and

Plumpton College Sportsground Management; Decorative Horticulture, NVQ Level III Amenity Horticulture; Phase IV Business Management.

111 OTLEY COLLEGE Otley College. Otley, Ipswich, Suffolk IP6 9EY. Contact Course Enquiries. Tel: 01473 785543. ESF Bursaries may
be available for full-time courses: National Certificate in Horticulture. option in Sports Turf Technology. Part time NVQ 2 Golf
Greenkeeping and NVQ 2 Groundmanship, NVQ 3 Sports Turf Management. loG Intermediate and Final Diplomas (Evenings). NVQ
Horticultural Mechanics. FEPA Courses PA1. PA2, PA6. Otley College * Developing individuals * Achieving more.

~

BRINSBURY COLLEGE North Heath, Pulborough, West Sussex RH20 lDL. Contact Keith Harrison. Tel 01798 877400. Full time
courses. (Subject to approval) HNC sportsturf sciences management. BTEC 1st Diploma Horticulture with Greenkeeping option.
National Diploma Landscape Studies, Sportsturf and Greenkeeping option. Part time: NVQ II Greenkeeping. Day release. Both full
time and part time students. Greenkeeping manual. (National Technical Certificate) with Inst. of Groundsmanship manual may be
delivered as an evening course. NVQ Level III Sportsturf Maintenance. National Practical Certificate NID, NDT (lOG)
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