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1 MEDIA SUMMARY

Salinity has been recognised nationally as a n@ajslem with the main focus on the spread of
dryland salinity in agricultural areas. Howeveljraty has also been recognised as a serious proble
in urban areas, affecting both inland towns andi@bareas. Coastal parklands face a high level of
use from recreational activities, but their locaigpresent them with a unique set of challengds. Sa
spray or tidal inundation can result in areas d@hrfty grass or bare ground.

Maintaining a healthy environment has become deaingihg issue in salt-affected urban locations,
particularly where tourist-based activities anddtlyle issues are involved.

Salt-tolerant grasses can play a number of pogitiles in helping to meet these challenges. While
salt tolerant grasses are not a silver bullet&tingy problems, they do buy time for park managter
provide a healthy grass cover in salt affectedsar@aareas that are irrigated with water contgnin
appreciable levels of salt. This is especially igant if alternate sources of water are to beduse
irrigation. Drought-affected groundwater sourcel lnave relatively high concentrations of salts, as
can recycled water, which is in greater use tham before.

This project looked at finding suitable hard-wegnirarieties of turfgrasses for parks and deterrginin
the best ways to establish and manage these tssfgdo ensure locals and visitors could enjoy them

The project approached the overall problem of mr@dity coastal parkland through a step by step
process, with detailed investigation into indivitlissues. These individual issues have been irtiedjra
on a larger scale in salt-affected parks as thad fitage of proving the technology developed thinoug
this and the previous project. A key finding hasrbthat each of the salt tolerant turfgrasseshws t
potential to establish and maintain good grouncecaye if they are well maintained and provided
with the necessities of life, food, air and wateke all plants, they do require these inputs, élbe
minimally. Failure to provide any one of these ocasult in less than satisfactory turfgrass quality.

A key outcome of the project is the developmerdgsifiblishment and management guidelines
providing various options from the construction asthblishment of new grounds through to
remediation of existing parklands. These guidelioedest management practices, will be readily
available to councils.

The research and subsequent guidelines emphasigapbrtance of viewing the entire system
holistically and managing the turfgrass carefutisough all aspects of planning, establishment and
maintenance.

Through adoption of best management practicesifakehin this project, councils can be confident in
the establishment and management of salt tolevaigr&sses in amenity areas. The wider advantage
is that there will be a flow through effect enhamgcconsumer confidence in the purchase of premium
turfgrass cultivars for specific need situatioitiese may be home gardens, urban open spaces, sport
fields, golf courses, or rehabilitation sites.

The economic benefits to council will be realiskbtigh judicious use of funds in planning,
establishing and managing such sites. Similarky ttinf production industry stands to benefit thitoug
improved consumer confidence. Ultimately the comityustands to receive immeasurable benefits
through the many health and environmental advastafferded by healthy parks and gardens.



2 TECHNICAL SUMMARY

Salinity has been recognised nationally as a n@ajslem with the main focus on the spread of
dryland salinity in agricultural areas. Howeveljraty has also been recognised as a serious proble
in urban areas, affecting both inland towns andt@bareas. Approximately 85% of Australia's
population lives within 50 km of the coast with tpeatest population occurring along the coastlines
of New South Wales and Queensland (Australian Buoé&tatistics 1998). Maintaining a healthy
environment has become a challenging issue iraffgitied urban locations, particularly where
tourist-based activities and lifestyle issues awelved. Salt-tolerant grasses can play a number of
positive roles in helping to meet these challenges.

However, urban salinity can only be effectively smded through a holistic approach, in which the
adaptation characteristics of the various salramliegrasses are understood and integrated into a
systems management approach. The ideal outcomelwewd patchwork of different species across a
landscape, matching levels of tolerance and adapttt not only levels of salinity, but also
waterlogging, high wear and drought and other dataxt site challenges.

This project built upon the successful outcome§Wwd2005 by adding to the database of salt
tolerance among warm season turfgrass cultivarasudfim further hydroponic screening trials.
Hydroponic screening trials focussed on new cultiva cultivars that were not possible to cover in
the time available under TU02005, including: 11 reaivars ofPaspalum vaginatum; 13 cultivars

of Cynodon dactylon; six cultivars ofSenotaphrum secundatum; one accession @ynodon
transvaalensis;, 12 Cynodon dactylon x transvaalensis hybrids; two cultivars ofoorobolus virginicus;
five cultivars ofZoysia japonica; one cultivar oZ. macrantha, one common form d. tenuifolia and
oneZ. japonica x tenuifolia hybrid.

The relative salinity tolerance of different tuidgses is quantified in terms of their growth respao
increasing levels of salinity, often defined by gadt level that equates to a 50% reduction in shoo
yield, or alternatively the threshold salinity.

The most salt tolerant species in these trials Weoeobol us virginicus andPaspal um vaginatum,
consistent with the findings from TU02005 (LochuRer et al. 2006)Cynodon dactylon showed the
largest range in threshold values with some cutiivéghly sensitive to salt, while others were taie
to levels approaching that of the more halophytasges. Coupled with the observational and
anecdotal evidence of high drought tolerance,dpéexies and other intermediately tolerant species
provide options for site specific situations in eiisoil salinity is coupled with additional chaltgrs
such as shade and high traffic conditions.

By recognising the fact that a salt tolerant grasst the complete solution to salinity problerms t
project has been able to further investigate sustdé long-term establishment and management
practices that maximise the ability of the selegeabs to survive and grow under a particular et o
salinity and usage parameters.

Salt-tolerant turf grasses with potential for spease situations were trialled under field comufi§ at
three sites within the Gold Coast City Council, hhree sites, established under TU02005 within
the Redland City Council boundaries were monitdoeadontinued grass survival. Several randomised
block experiments within Gold Coast City were ebshled to compare the health and longevity of
seashore paspalurRgspalum vaginatum), Manila grass4oysia matrella), as well as the more

tolerant cultivars of other species like buffalags &enotaphrum secundatum) and green couch
(Cynodon dactylon). While scientific results were difficult to achwunder off-site field situations in
which conditions cannot be controlled, these tymtsvided valuable observational evidence of the
likely survival of these species.



Four approaches were adopted to investigate thblestment of the selected salt tolerant turfgrasse
in order to develop protocols for the better cargion or remediation of grassed amenity areas.
Alternatives to laying full sod such as spriggingrevinvestigated, and were found to be more
appropriate for areas of low traffic as the estdistient time is greater. Trials under controlled and
protected conditions successfully achieved a falee of Paspalum vaginatum from sprigs in a 10
week time frame.

Salt affected sites are often associated with poibistructure, due to an imbalance in exchangeable
sodium. Such soils can become less permeable & veedygen and roots. As soil pores become
smaller, blocked or less continuous, water infiithia and drainage decreases, oxygen diffusion
decreases and soil strength and surface hardrezsase. A segment of the research investigated
techniques for the alleviation of soil compactibattcompliment salinity management. Various
methods of soil de-compaction were investigatetlighly compacted heavy clay soil in Redlands
City. It was found that the heavy duplex soil ofrma clay sediments required the most aggressive of
treatments in order to achieve limited short-teffeats. Interestingly, a well constructed sportddi
showed a far greater and longer term response-tom@action operations, highlighting the
importance of appropriate construction in the sssft¢ establishment and management of turfgrasses
on salt affected sites.

Fertiliser trials in this project determined plaleimand for nitrogen (N) (the most substantial elgme
in any turf grass fertiliser program) to speciegleThis work produced data that can be used as a
guide when fertilising, in order to produce optirgabwth and quality in the major turf grass species
used in public parkland. An experiment commenceathdurU02005 and monitored further in this
project, investigated six representative warm-seasdgrasses to determine the optimum
maintenance requirements for fertiliser N in soedist Queensland. In doing so, we recognised that
optimum level is also related to use and inter@fityse, with high profile well-used parks requiring
higher maintenance N than low profile parks wheegntaining botanical composition at a lower level
of turf quality might be acceptable. KikuyBdnnisetum clandestinum) seemed to require the greatest
N input (300-400 kg N/ha/year), followed by thegmecouch Cynodon dactylon) cultivars
‘Wintergreen’ and ‘FLoraTeX’ requiring approximage300 kg N/ha/year for optimal condition and
growth. ‘Sir Walter’ &enotaphrum secundatum) and ‘Sea Isle 1'Paspalum vaginatum) had a
moderate requirement of approximately 200 kg N/iary'Aussiblue’ Digitaria didactyla)

maintained optimal growth and quality at 100-200N{ba/year.

Turfgrass managers responsible for areas pror@ttaccumulation, require a method of monitoring
salinity. While laboratory analysis of soil sampl&s a range of physical and chemical attribui®s,
recommended annually, an alternative methodologgdi salinity measurement on a more frequent
basis was considered ideal. Two new scientificigibe instruments were investigated to determine
their usability for council workers in assessinfinsiy levels during site inspections. Unfortunatel

the variation in readings between sites sugge#itatiat this stage the units were not satisfadtmry
use in parks or other amenity spaces where irdgatihd soil type were not consistent.

As discussed, this project approached the overaliipm of poor quality coastal parkland in a
structured step-wise manner. Firstly the detailedkweported in Chapters 4 to 9 describes indiidua
issues that have been assessed, and the managémategties developed for each specific problem.
Secondly, these individual strategies were integran a larger scale in salt-affected parks afinhé
stage of proving the technology developed throbghand the previous project. A set of guidelines
has been prepared to provide various options frentonstruction and establishment of new grounds
through to remediation of existing parklands bymrting the growth of endemic grasses. They
describe a best management process through whickffeated sites should be assessed, remediated
and managed. These guidelines, or best managenaeticps, will be readily available to councils.

Unfortunately not all aspects of best managemeultdoe fully demonstrated due to the drought

conditions that persisted throughout the majoritthes project. It became council policy to not
irrigate amenity areas due to the high level waedstrictions imposed by government. This has
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prevented them employing two of the best managepratices for salt-tolerant grasses: frequent
irrigation during the establishment phase and srdehching of salts below the root zone. The
consequences limited the ability of this projechuily demonstrate best management practices.
However, it has been possible to demonstrate thentaiges that best management practices have had
on ensuring the sustainability of turfgrass throtigktile conditions (high salt levels coupled with
inadequate water supply).

Despite the limitations described, this project ddliver valuable outcomes to stakeholders. Thinoug
adoption of best management practices identifieautfh segmental research studies, more cost
effective (and successful) establishment and mameageof salt-affected sites will be achieved.
Previously, some high salinity sites have beeretugeveral times over a number of years (and
Council budgets) for a 100% failure record. By étiating this budgetary waste through targeted
workable solutions, local authorities will be m@menable to investing appropriate amounts into
these areas. In some cases, this will lead tosanéihgs as well as resulting in better quality.turfall
cases, however, improved turf quality will be ohb#t to ratepayers, directly through increasea@loc
use of open space in parks and sportsfields anigkatly by attracting tourists and other visitoosthe
region bringing associated economic benefits. Atghme time, environmental degradation and
erosion of soil in bare areas will be greatly rezmiicThese same principles will also be applicable t
degradation of public buildings and private dwejn

By adopting the sound biologically-based princigleseloped through this project, local councild wil
also be better equipped to resist (and debunkpiisidered cost-cutting measures proposed by
developers and their supporting “experts” (e.gyiraering and environmental consultants). The
major and immediate beneficiaries of information @notocols developed through this project will be
Redland City and Gold Coast City. Depending onstingrce of the salinity, some of the detail
generated by specific studies under this projetto@imore applicable to certain local authoritiegn
others (and vice versa at other times).

At the same time, land developers will benefit bpwing clearly what is required of them when
preparing an application for submission for plagrapproval from Council. While some
recommended practices may add to the initial casits will be more than offset by establishing well
grassed parks not in need of the regular and casthgdiation required where economic ‘corners’
were previously being cut.

11



3 BACKGROUND AND GENERAL INTRODUCTION

Salinity is an increasingly important issue fadiagd and landscape managers throughout Australia.
Its recognition as a major national problem, togethith the formulation of the National Action Plan
(NAP) to tackle salinity and water quality issuedate primarily to the spread of dryland salinity
agricultural areas, particularly the irrigated lamd the Murray-Darling Basin and dryland cropping
areas in south-western Australia. At the same tgaknity is a serious problem in coastal areas,
though different underlying factors lead to theuamalation of salt in the soil in each case.

Urban salinity has also been acknowledged as aadsingly serious problem, affecting both inland
towns (particularly in southern NSW, Victoria até WA wheatbelt) and coastal areas where the
majority of Australia's population lives, works asgkends a major part of their leisure/recreational
time. At the community level, maintaining a higheigrity of the natural and built environment has
become an important issue, particularly where stdrased activities and lifestyle issues are irelv
For affected homeowners, they face the stark yeaflitheir major personal asset - their house Rdpei
degraded by rising salt and its economic valueseduAs Nicholson (2003) warned, damage to
infrastructure and the built environment in urbagea has the potential to outstrip the cost ohiggli
in rural environments.

Building in saline landscapes will result in saljnproblems emerging in urban areas (just as Itiwil
rural environments) when the water balance thrabgltcatchment is disrupted. Water use is increased
and water flows changed following urbanisation #relconstruction of housing developments. This

in turn results in drainage problems leading todéeelopment of pockets and whole areas of salinity
hazard through an urban community. Landscape fastah as slope, geology, parent material, soils,
structural geological controls, and catchment sfapell significant factors in the location andlsc

of urban salinity development.

In these different salt-affected urban environmesat-tolerant grasses can play a number of divers
but positive roles. These include beach protectipassing of parklands, sportsfields and golf cesirs
home lawns; and roadside stabilisation and prate¢g.g. Loch and Lees (2001)). As with rural
salinity, urban salinity can only be effectivelydadssed through a landscape (ecosystem) based
approach in which the needs of discharge and rgeteeas can both be addressed (Loch, Barrett-
Lennard et al. 2003). The ideal outcome would patahwork of different species across a landscape,
matching levels of tolerance and adaptation toléewksalinity, waterlogging and associated proldem
(e.g. wear), all integrated into sustainable systefifMmanagement and use. Aggregating these
individual options at local, regional and natioleadels will require not just a salt-tolerant grass a
range of salt-tolerant grasses adapted to differlenaites and to different roles.

This project built upon the successful outcomesWdh2005. Firstly, the use of halophytic turf grasse
was investigated across a wider range of urbanigaliazard areas (southern Queensland) with
different climates, different soils, different lds®f associated waterlogging, and different uses.
Secondly, it recognised the fact that a salt toliegaass is not a “silver bullet” or easy one-affugion

to salinity problems. Rather, it buys time to depend implement sustainable long-term
management practices that will maximise the abdftthe selected grass to survive and grow under a
particular set of salinity and usage parameters.

A range of halophytic turf grasses was identifiedin earlier HAL project (TU02005: Amenity

Grasses for Salt Affected Parks in Coastal Austy@lompleted in 2005. One of these species,
seashore paspalurRgspalum vaginatum), was used successfully in wider plantings by RedICity
Council (who also contributed financially to TUOE)®n salt-affected sites in southern Queensland
where numerous earlier attempts to establish cdiovexi (but not highly salt-tolerant) turf grasses

had universally failed. As a result of this initalccess, Redland City Council, in the following 18
months, invested a further $500,000 (approximatel@stablish larger areas of seashore paspalum on
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what were previously “impossible” high salinity pareas where islands of unthrifty ‘conventional’
turf and weed grasses were interspersed by lasgerdwil areas in unsightly saline scalds (Poalber
Loch 2005).

At the same time, there was an on-going need ttreaninvestigations of alternative grass species
and cultivars suitable for planting on saline sifd$e detailed documentation of salt tolerancesw n
and existing turf species/cultivars is requiredrsa informed decisions can be made based on the
expected salt levels encountered at different.sites

Seashore paspalum was identified as a good basikharse” turf-wise for saline parks and urban
use in general, but there are other situations @vahenore shade and/or wear tolerant grass would be
better suited, or where drought or waterloggingriahce might be required in addition to salt
tolerance. For example, trials of seashore paspatuhigh use coastal parks by the Gold Coast City
Council highlighted the need for more wear-tolera@ternative halophytic species (eZgysia

matrella) to be trialled in such areas, the importanceveircoming the associated limitation of soll
compaction and poor soil physical properties omtpdmowth, and the need to correct nutrient
imbalances and optimise fertiliser management soenthe long-term stability and sustainability of
the established grass surface. There was alscdam@®vestigate sprigging and seeding (where
possible) of suitable grasses to reduce establishoosts, which will enable these to be planted
successfully over much larger areas for the sareeaticost as laying full sod.

New grasses are continually being developed byderseand/or imported into Australia: for example,
only four seashore paspalum cultivars were avalalien the initial definitive salt screening stsdie
were done under TU02005. At the commencementifiial there were another six cultivars
available. There were also a number of buffalogamssCynodon cultivars and other turf species such
as Japanese lawngragsysia japonica) that were not included in those initial salt talece screening
trials; and in some cases there was a need to/\@rif/or quantify commercial marketing claims and
anecdotal evidence via definitive independent medeaf this kind. Salt tolerance levels critically
assessed under this project and the earlier TUO@8I0% a hydroponic system, currently provide the
only source of critical information on the saltei@nce of most turf cultivars used in Australia.
Otherwise, relative levels of salt tolerance argebleon anecdotal evidence, or derived from similar
American studies usually with other cultivars of gpecies concerned.

However, finding a salt tolerant grass is no “gilaallet” or easy solution to salinity problemsoadr

often in the past, the construction, establishmaedtmaintenance phases have been considered in
virtual isolation of one another. Cheap constarctnvariably leads to initial cost savings being
quickly eroded through higher than necessary maamtee expenses for the indeterminate future. This
has been exacerbated by a lack of detailed edtaidist protocols for park development. By
specifying clear guidelines to be followed durihg tonstruction of coastal parks, many of the aiirre
problems and additional expense in follow-up reragdin and management could be minimised and
even eliminated in the future.

Laying full turf across large areas of park or sgfigld is expensive, and in some cases can give an
inferior result by creating a surface layering efffdhat reduces depth of rooting and hence drought
tolerance. Alternative methods such as spriggmgeeding are attractive to enable councils tocedu
establishment costs and increase the area platediie same budget, provided the reliability of
these alternatives can be increased substantiatllty éurrent levels.

Fertiliser maintenance programs in public open afaie often ad hoc, and in some cases virtually
non-existent. They tend to be driven by budgetanstraints rather than by plant needs. For turf as
with any grass, the main nutritional requirementiisogen (N). With regard to their N requirements,
however, not all grasses are created equal: soewesp(e.g. blue coucbigitaria didactyla]) will
persist better than others (e.g. green couch) Uodesoil N. Because of their ready availability
commercially, green couch and kikuyu are widelynptd as turf grasses, and anecdotal evidence
suggests that many of the varieties currently atségl are ‘high N’ types, and that alternative geass
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(principally seashore paspalum at this stage) ndghte with significantly lower N fertiliser
requirements. A long-term replicated split-plot exment looking at the effect of six fertiliser N
treatments (0-400 kg N/hal/year) on six represesdtirf grasses (kikuyu, seashore paspalum, buffalo
grass, blue couch, and two green couches) waatedtunder TU02005. With dry matter fortnightly
sampling through much of the year, this was a laftensive activity that justified trialling at en
central site, providing a good guide to the requeats of different turf grasses in other environteen
where fertilisation practices are already well bshied for the older industry standards of kikuyu
and/or green couch.

Fertiliser trials in this project determined plaleimand for nitrogen (N) (the most substantial el@me
in any turf grass fertiliser program) to speciegleThis work produced data that can be used as a
guide when fertilising, in order to produce optirgabwth and quality in the major turf grass species
used in public parkland. In conducting this trialvas recognised that optimum level is also rel&bed
use and intensity of use, with high profile weledgarks requiring higher maintenance N than low
profile parks where maintaining botanical compositat a lower level of turf quality might be
acceptable, indeed desirable in order to minimisaimg requirements. .

Turfgrass managers responsible for areas proradttaccumulation, require a method of monitoring
salinity. While laboratory analysis of soil sampl&s a range of physical and chemical attribui®s,
recommended annually, an alternative methodologgdi salinity measurement on a more frequent
basis would be ideal. A cheaper less time consumietinod for site assessment has become available
with new technologies leading to the developmengastable devices for in situ measurement of soil
salinity, allowing park managers to rapidly assstes in preparation for construction, establishmen

or remediation of turfgrasses. However, thesesurdd not been assessed for use in such situations
prior to commencement of this project.

Construction and maintenance of sporting fields gamttlands have often been considered in isolation
of one another. The initial cost savings of cheampstruction can be quickly eroded by higher
maintenance expenses, which recur into the fultris. has been exacerbated by a lack of detailed
construction protocols for park development. Ctpaidelines for the construction of coastal parks,
can minimise or even eliminate the additional exeenf follow-up remediation and problem
management. Rather than a single problem, theny@ically a number of issues that contribute to
poor, and often patchy, grass growth in salt affiéereas—the mark of an unsatisfactory project
outcome.

This project has approached the overall problepoof quality coastal parkland in a structured step-
wise manner. Rather than a single problem, theréypically a number of issues that contributehto t
overall unsatisfactory outcome of poor, and oftatchy, grass growth. Through the detailed work
reported in Chapters Il to VII, individual issuesvi been assessed and management strategies
developed for each specific problem. These indaidtrategies have been integrated on a larges scal
in salt-affected parks as the final stage of prgthre technology developed through this the previou
project

Redland City and Gold Coast City Councils in Soagt€ueensland encapsulate the wider issues and
problems of urban salinity in coastal AustraliatlBare rapidly spreading urban areas in high growth
regions (among the fastest growing nationally); both councils are committed to implementing
programs aimed at progressively improving the dyali their parks, sportsfields and urban
environment in general. Consequently these arees specifically targeted in this project.
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4 Salinity Tolerance.

4.1 Introduction

Like all plants, turfgrasses range from extremaly sensitive to highly salt tolerant. For turf
managers, this provides a variety of ready madiempby which different grasses can be matched to
a range of ‘real life’ salinity levels and assoethtoil and water problems according to differenices
their salt tolerance. For plants in general, thal®shment and growth of most non-halophytic gant
are affected when Ealues of the soil exceed 12.2 dS/m (Table 4-1).

Table 4-1. Soil salinity EC criteria correspondingto a 10% yield reduction for the plant salt tolerarce
groupings of Maas and Hoffman (1977) for four rangse of soil clay content, (Shaw 1999).

Plant salt Soil salinity | EC, range Corresponding EC, s ranges (dS/m) based on:
tolerance rating (dS/m) 10209 clay | 20-40% clay| 40-60% clay 60-80% clay
grouping
Sensitive crops| Very low <0.95 <0.07 <0.09 <0.12 180
Moderately Low 0.95-1.9 0.07-0.15 0.09-0.19 0.12-0.24 0.1860
sensitive crops
Moderately Medium 1.9-4.5 0.15-0.34 0.19-0.41 0.24-0.56 0.606
tolerant crops
Tolerant crops | High 4.5-7.7 0.34-0.63 0.45-0.16 6006 0.70-1.20
Very tolerant | Very high 7.7-12.2 0.63-0.93 0.76 -1.21 0.96-1.531.20-1.90
crops
Generally too | Extreme >12.2 >0.93 >1.21 >1.53 >1.90
saline for crops

To assist in the selection and management of asfgs for salt-affected parks, a series of four
glasshouse screening experiments was conductdtitaaterise a range of warm-season turfgrasses in
terms of their salt tolerance. The results obviphsive wider implications (e.g. golf courses,
rehabilitation of degraded areas) than the immediadject on salt-affected parks.

Experimentally, the relative salinity tolerancedifferent turfgrasses (and of other plants) is djfiad
in terms of their growth response to increasinglewf salinity. This is usually defined by thetsal
level that equates to a 50% reduction in shootlyigl alternatively the threshold salinity (thenicat
which shoot yield starts to decline) together wfité rate of yield reduction beyond that point. Bessa
of the uncontrolled variation in salinity levelsegvover very short distances in the field, critical
determinations of salt tolerance are invariablydtaried in controlled pot experiments in the
glasshouse, and later related to the more vara@iditions in the field.

Hydroponic screening experiments focussed on ndtivars or cultivars that were not possible to
cover in the time available under TU02005, of speailready screened (11 new cultivar®adpalum
vaginatum, 13 cultivars ofCynodon dactylon andsix cultivars ofSenotaphrum secundatum) as well
as additional species (one accessio@ywiodon transvaalensis, 12 Cynodon dactylon x transvaalensis
hybrids, two cultivars o8porobolus virginicus, five cultivars ofZoysia japonica, one cultivar ofZ.
macrantha, one common form af. tenuifolia and onéZ. japonica x tenuifolia hybrid).

Hybrid couches, both medium-textured types andtixéured greens grasses, are increasingly being
irrigated with recycled water. Understanding thié tederance of this set of turf grasses will allgoif
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course superintendents and open space manageekéoimiormed decisions when faced with using

lower quality water for irrigation of putting greeand urban open space.

Experiments were based on the completely randondissign (16 grasses x 6 salinity levels x 6
replications) developed and used successfully i0Z005. As per TU02005, 3 common grasses (as
standards) were included in each separate expdarim@novide a measure of comparability across
experiments. Cultivar names and details are listddble 4-2.

Table 4-2 Species and cultivars tested for salinitiplerance in each series

Species Cultivar/accession Screening Comments
name trial no.
Cynodon dactylon FLoraTeX™ 1,2,3,4 |Standard US trade mark reg. no. 1854798
comparator
Cynodon dactylon® AgRiDark
Cynodon dactylon Bosker
Cynodon dactylon Grand Pri® Australian PBR application no.
2005/291
Cynodon dactylon 2 Selection from Gabba Kevin
Mitchell (pers comm. 2009)
Cynodon dactylon MS-Choice 2 US Patent no. PP10332
Cynodon dactylon MS-Express 2 US Patent no. PP10289
Cynodon dactylon MS-Pride 2 US Patent no. PP102902
Cynodon dactylon 2 Australian PBR application no.
Oz Tuff® 2004/035
Cynodon dactylon Premier 2 US Patent no. PP18247
Cynodon dactylon Princess 2
Cynodon dactylon Riviera 2
Cynodon dactylon Tifton 10 2
Cynodon dactylon Wintergreen 2 US Patent no. PP6278
Cynodon dactylon x C. TifSport 1 US Patent no. PP10079
transvaalensis
Cynodon dactylon x C. Tifgreen 1
transvaalensis
Cynodon dactylon x C. Tifdwarf 1
transvaalensis
Cynodon dactylon x C. TifEagle 1 US Patent no. PP11163
transvaalensis
Cynodon dactylon x C. MiniVerde 1 US patent and trade
transvaalensis mark Serial Number ' 094225
Cynodon dactylon x C. Santa Ana 1
transvaalensis
Cynodon dactylon x C. Patriot 1 US Patent no. 16801
transvaalensis
Cynodon dactylon x C. Champion Dwarf 1 Australian PBR application no.
transvaalensis 1996/203
US Patent no. PP9,888
Cynodon dactylon x C. WS200 1

! This cultivar has since been confirmed to be ti/Bsinodon dactlyon x C. transvaalensis
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Species Cultivar/accession Screening Comments
name trial no.
transvaalensis
Cynodon dactylon x C. Novotek’ 1 Australian PBR application no.
transvaalensis 2002/268
Cynodon dactylon x C. FloraDwarf 1 US Patent no. PP9030
transvaalensis
Cynodon dactylon x C. MS-Supreme 1 US Patent no. PP11781
transvaalensis
Cynodon transvaalensis South African couch 1 Accession collected from Kew
Golf Club, Melbourne, Australia
(D.E. Aldous, personal
communication, 2000)
Digitaria didactyla Aussiblu¢’ 1,2,34 Standard Australian PBR application no.
comparator 1997/181
4 US Patent no. PP13294
Paspalum vaginatum SeaDwarf “SDX-1"
Paspalum vaginatum Neptune 4
4 Australian PBR application no.
2008/073
Paspalum vaginatum Sea Isle Suprerfie US Patent no. PP18869, “SI98”
Paspalum vaginatum Parrish 4
Paspalum vaginatum Sea Spray 4 US Patent no. PP7262341
4 US Patent and trademark
Paspalum vaginatum Aloha registration no. 3080442
Paspalum vaginatum Durban Country Club 4
Paspalum vaginatum Salam 4
Paspalum vaginatum Tropic Shore 4
Paspalum vaginatum Spence 4
Paspalum vaginatum Sea Isle 2000 1,2,34 Standard Australian PBR application no.
comparator 2002/167
US Patent no. PP12625
Sporobolus virginicus Salt fine™ 4
MR-S2 4 Australian PBR application no.
Sporobolus virginicus QLD-Coast’ 2010/038 “QLD-Coast”
Senotaphrum secundatum | EB-2
Stenotaphrum secundatum | TF-01¢ Australian PBR application no.
2007/245
Stenotaphrum secundatum | Kings Pridé’ 3 Australian PBR application no.
GP-22 2005/341
Stenotaphrum secundatum | Marine” 3 Australian PBR application no.
2005/033
Stenotaphrum secundatum | Matilda® 3 Australian PBR application no:
2004/078
Stenotaphrum secundatum | Ned Kelly” 3 Australian PBR application no:
2005/298
Zoysia japonica El Tord” 3 Australian PBR application no:

1992/070
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Species Cultivar/accession Screening Comments
name trial no.

Zoysia japonica Empire 3 US Patent and trademark
registration no. 2326735

Zoysia japonica Palisade$ 3 Australian PBR application no.
2001/199

Zoysia japonica ZT-11 3 US Patent no. PP 7074

Zoysia japonica Z-3 3 US Patent no. PP8553

Zoysia japonica hybrid PristineFlora 3 US Patent and trademark
registration no3460323

4 Australian PBR application no.
Zoysia macrantha Nara™ (MAC-03’ 2001/199
Zoysia tenuifolia Common form 3

4.2 Materials and Methods

The experiments were conducted in a nursery pahgliat Redlands Research Station, Cleveland,
Australia (27°325, 153°1€). The different grass cultivars in each of the experital runs received
complete nutrients in solution (NPK analysis 0f3t2.3:12.8% wl/v, plus trace elements), as well as
variable amounts of salt (sodium chloride) to im@aesx different treatment levels through a flood-
and-drain hydroponic system. Each hydroponic systescomprised of a reservoir containing 100 L
of solution and a submersible electric pump coretetd a growing tray (1000 x 1000 mm square,
180mm deep). Pots were supported by parallel sislacross the top of the tray. Solution from the
reservoir was pumped into the tray around the ¢mts not completely submerging them) three times
per day for a period of 15 minutes each, suchtttegrass shoots remained dry during each irrigatio
cycle. Entries were planted as either vegetative full@oplugs into pots containing 50 mm of washed
sand over 30 mm depth of 5mm gravel.

Each experiment was a completely randomised desity6 replications. The nutrient + salt solutions
for each treatment were replaced monthly. Treatrselity levels were checked 3 times per week
and adjusted as necessary. Each run involved flirages: aalt-free settling-in phase (4-6 weeks)
following planting into 85 mm x 85 mm square pdi80) mm deep; aansitional phase of ¢.3 weeks

in which the different treatments were graduallyplagal; and anexperimental phase in which
measurements were taken on the grasses in theediffealt treatments (12-16 weeks). During the
transitional phase, salt was added at a rate t@\atan increase of 2 dS/m per day to avoid the
occurrence of “salt shockAll treatments were flushed weekly with overheathation to minimise
salt build up in the pots through capillary risenfr evaporation.

Three standards were included in every experimeuataio provide a consistent scale against which
the results of grasses in the different experimentes could be assessed. The three standardschose
to cover a range from high to low salt toleranceefaspal um vaginatum ‘Sea Isle 2000'Cynodon
dactylon FLoraTeX™ andDigitaria didactyla ‘Aussiblue’. In series one dry matter results for
Aussiblue were subsequently excluded because titeottreatment was severely damaged by an
outbreak of sod webwornérpetogramma licarsisalis Walker) relative to the other treatments.

In series one, two and three, involving less sdéiraint turfgrasses, the range of salinity covdred
the six treatments expressed in terms of electdontuctivity of the irrigation water (&, were 0,
6, 12, 18, 24, and 30 dS/m. The six salt treatmiemtthe more tolerant turfgrasses (series foumewe
0, 8, 16, 24, 32, and 40 dS/m covering a range/ of sea water.

All grasses were clipped to a constant height (~+B)nmat the start of the experimental phase.

Subsequent fortnightly clippings were collected amdn dried at 65°C for 24 hrs to obtain dry matter
production. Percent leaf firing was visually aseds®rtnightly. At completion of both the secondian

18




third runs, the grasses were removed from potscama@n and root material separated, washed and
oven dried at 65°C for 24 hours for dry weight deii@ation.

To facilitate comparisons among the different Mg and species, dry matter production data for
each cultivar/faccession was standardised by diyidite dry matter production for each salinity
treatment by that produced in the correspondingrobtreatment as represented in Equation 1.

DMy = DM%)MC (Equation 1)

where DM 4. = Standardised dry matteDM; = Treatment dry matter, anBM . =
Control dry matter

All data were analyzed through GenStat® 11th edjtior Windows using standard Analysis of
Variance procedures, which also generated Leasif8ignt Differences (LSDs) for comparison of
treatment means. Following inspection of the datative differences in salinity tolerance were
further quantified by regression (linear or thirder polynomial, depending on goodness of fit) of
standardised clipping DM vyields over the final 4elke of treatment for each of the cultivars to
determine the Eg value corresponding to 20%, 50% and 80% of therobDM yield (i.e. EGo).

4.3 Results

As illustrated in Figures 4-1 and 4-2 and, during first 6 weeks (approximately), most genotype x
salinity treatment combinations maintained thetie iaf growth, albeit at somewhat reduced levels
where salt was present. Figures 4-1 and 4-2 anda 8teresponse over time to salinity for two of the
standard entries, FLoraTex and Sea Isle 2000 dggerigs one.

Fortnightly dry matter production - FLoraTeX Fortnightly dry matter production - Sea Isle 2000
. 1.2 . 2
? 1 = —+—0.1dS/m ? /\ Pt —+—0.1dS/m
$ s . /-5/'\’/ o uam S 15 \\./ 6 doim
é o6 M ==\ _ 12 ds/m é L ' ) % 12 ds/m
s — . 18 dS/m s 2 = 18 dS/m
g o4 LN —%—24 dS/m g s W —%—24 dS/m
E 02 ——30dS/m E —e—30dS/m
g 0 . \"4 g 0 . \k’*
0 5 10 15 0 5 10 15
Week number Week number
Figure 4-1 Dry matter production of Figure 4-2 Dry matter production of Sea Isle
FLoraTeX at each of the six levels of salinity =~ 2000 at each of the six levels of salinity during
during series 1. series 1.

After approximately 6 weeks there were substadgalines in the dry matter yield of clippings over
about the next two weeks, the extent of these taxhgcbeing positively related to salinity levels,
before stabilising again at much lower productewels for the last two harvests representing weeks
8-12. Based on this general pattern of growth nespodata from the last 4 weeks of the experiment
are the most relevant when assessing relativeréifées in salinity tolerance over the longer term,
hence the data presented here represent the ityaivailing over weeks 8-12. These same data
have also been used to determine the threshojgdvalties at 20%, 50% and 80% of the control dry
matter yield for each entry discussed below.

In each of the four screening trials, leaf firimgieased progressively in response to continuing

exposure to salinity. Firing also increased witlnga level, with the more sensitive grasses
completely killed (= 100% firing) at the higher &g of salinity applied (Section 16.1 Appendix A-1)

19



While leaf firing increased with time of exposucesalinity, there was a corresponding decline yn dr
matter production from the treatments with adddidasaeach screening trial continued. Relative dry
matter production over the final 4 weeks of eagbeeimental series was therefore used to show the
response of each cultivar/accession to increasiligity levels. Zoysia species were grouped for
comparison within the genus. Due to the large remnbf green couches and hybrid green couches
(Cynodon dactylon andCynodon dactylon x transvaalensis) investigated, the data were analysed for
each species separately, apart fl@ntransvaalensis, which was included with hybrid couches. Data

from all remaining entries is presented accordingptecies, as only one species within each genus
was investigated.

Standard entries

Figures 4-3 to 4-5 illustrate the growth respoissalinity of each of the three standard entries fo
each screening series. Figure 4-6 illustratesitieeage of each series for each standard entry.

Relative dry matter production
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Figure 4-3. Relative dry matter production for E:g?a;?e‘;(ﬁn Ezlczﬁl\slgriderg matter production for
Aussiblue in each series. '

Sea Isle 2000 - all series Relative dry matter production for standard entries
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Figure 4-6. Relative dry matter production for

Figure 4-5. Relative dry matter production for all standard entries, averaged across all series.
Sea Isle 2000 in each series.
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Cynodon dactylon

Figure 4-7 illustrates the relative growth for weékto 12, for each of th@ynodon dactylon cultivars
at each salinity level. Statistical differenceslated in Table 4-3, where different letters fack dry
weight figure indicate a statistical difference9&#6 confidence.

Relative dry matter production -  Cynodon dactylon cultivars
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Figure 4-7. Relative dry matter production for eachcultivar of Cynodon dactylon screened at each of the
six salinity levels. LSD values are at 95% confidee interval.

Table 4-3. Relative dry matter production for eachcultivar of Cynodon dactylon showing statistical
significant difference. No letter indicates abserof significant difference within the treatment. Differing
letters within a treatment indicate statistical diferences at 95% confidence.

Relative dry matter production (as per equation 4-}
Cultivar 0.1 dS/m| 6dS/m 12 dS/m 18 dS/m 24 dS/m 30 dS/m
AgRiDark 1| 0.5385 bcd 0.7252 bcde 0.7961 ab 0.8135 0.636 ak
Bosker 1| 0.4707 bcd 0.649 bcde 0.7357 ab 0.4918 0.2325¢
FLoraTeX 1| 0.5337 bcd 0.672 bcde 0.8107 ab 0.4476 0.3467 qde
Grand Prix 1/ 0.4333 cd 0.6083 bcde 0.3298 ¢ 0.2965 0.3191 de
Kevin
Mitchell's 1(0.4283d 0.5047 ef 0.7193 ab 0.p1 0.4614 bed
MS-Choice 1| 0.5431 bcd 0.5196 def 0.6734 ab 0.3062 0.3006 de
MS-Express 1 0.4471 cd 0.833 ab 0.709 ab 0.5651 0.7389 a
MS-Pride 1| 0.4609 bcd 0.778 abc 0.787 ab 0.4104 0.3839 cde
Oz Tuff 1] 0.503 bcd 0.615 bcde 0.6616 b 0J71 0.5578 abc
Premier 1| 0.8656 a 0.503 ef 0.5416 bc 0.4546 0.3734 cde
Princess 1 0.4686 bcd 0.5712 cde 0.5904 bc 0.5031 0.506 bad
Riviera 1] 0.3491d 0.2956 f 0.7379 ab 0.47p8 0.466 bcd
Tifton 10 1| 0.6505 abc 0.9863 a 0.9583 a 0.5671 0.3677 cde
Wintergreen 1| 0.6815 ab 0.743 bcd 0.7041 ab 0.8284 0.5515 abc
LSD = 0| 0.2208 0.2302 0.2852 0.3424 0.225
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Cyndon dactylon x transvaalensis

Figure 4-8 illustrates the relative growth for weékto 12, for each of ti@ynodon dactylon x
transvaalensis cultivars at each salinity level. Statistical diénces are listed in Table 4-4 where
different letters for each dry weight figure indiea statistical difference at 95% confidence.

Relative dry matter production -  Cynodon dactylon x
transvaalensis
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Figure 4-8. Relative dry matter production for eachcultivar of Cynodon dactylon x transvaalensis hybrids
screened at each of the six salinity levels. LSRMes are at 95% confidence interval.

Table 4-4. Relative dry matter production for eachcultivar of Cynodon dactylon x transvaalensis hybrids
showing statistical significant difference. No lder indicates absence of significant difference whin the
treatment. Differing letters within a treatment indicate statistical differences at 95% confidence.

Cultivar 0.1dS/m 6 dS/m 12 dS/m 18 dS/m 24 dS/m 30 dS/m
Champion

Dwarf 1| 0.5807 ef 0.5859 abc 0.736 abc 0.04988 a 0.2667 a
FloraDwarf 1 0.8582a 0.6034 ab 0.8751 a 0.01023 ¢ 0.1804 abcd
MiniVerde 1| 0.6457 cde 0.4323 bcd 0.7214 abc Oc 18@1 abc
MS-Supreme 1 0.7049 bcd 0.3419d 0.7333 abc 0.06887| 0.1724 abcde
Novotek 1| 0.7433 abcd| 0.5921 abc 0.7858 ab 0.006248 | 0.2541 ab
Patriot 1 0.6633 bcde| 0.3083d 0.5de 0.001579 2200
Santa Ana 4 0.6498 bcde 0.3579d 0.5392 de Oc 78 hedef
Sth African cch 1} 0.7647 ab 0.4066 cd 0.4726 e ;0@ 0.1067 cdef
Tifdwarf 1| 0.6296 de 0.4955 abcd  0.6187 bcde  Oc 5@Balef
TifEagle 1| 0.4964 f 0.6231 a 0.6701 bcd 0.03238 ab6.2296 abc
Tifgreen 1| 0.7561 abc 0.4159 bed 0.5715 cd¢ 0.0@724 | 0.046 ef
TifSport 1| 0.8335a 0.3286 d 0.5249 de Oc 0.0428 f
WS200 1| 0.4902f 0.6296 a 0.4666 e 0.04933 ab 6.2B6
LSD = 0.1616( 0.1158 0.1892 0.172 0.03589 0.1284
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Paspalum vaginatum

Figure 4-9 illustrates the relative growth for weékto 12, for each of tHeaspal um vaginatum
cultivars at each salinity level. Statistical difaces are listed in Table 4-5, where differertetstfor

each dry weight figure indicate a statistical difece at 95% confidence.
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Figure 4-9. Relative dry matter production for eachcultivar of Paspalum vaginatum screened at each of
the six salinity levels. LSD values are at 95% cdidence interval.

Table 4-5. Relative dry matter production for eachcultivar of Paspalum vaginatum showing statistical
significant difference. No letter indicates abserof significant difference within the treatment. Differing
letters within a treatment indicate statistical differences at 95% confidence.

Cultivar 0.1 dS/m 8 dS/m 16 dS/m 24 dS/m 32dS/m | 40 dS/m

Aloha 1 1.42| 2.607 a 0.9136 ab 0.4967 ab 0.7153
DurbanCC 1 1.184 1.524bc 0.7558 ah 0.4142 gbc 30.54
Neptune 1 1.208 1.345hbc 0.6134 b 0.5948 & 0.4344
Parrish 1 0.63 1.165bc 0.2892 ¢ 0.1647 de 0.4114
Salam 1 1.247 1.868 ab 0.7949 ah 0.2962 Hcde 0.4441
Sea Isle 2000 0.978 1.018c 0.7658 a 0.5849 a 531D,
Sea Isle Supreme 1.3%9 1.42bc 0.9493 3 0.3525bc  0.7705
Sea Spray ] 1.296 1.794 bc 0.8304 a 0.5684 a ®.535
SeaDwarf 1 0.961 1.105bc 0.7352 ah 0.606 a 0.3854
Spence 1 0.965 1.009c 0.3c 0.1281 e 0.1707
Tropic Shore 1 1.116 1.612bc 0.1656 c 0.2143 cde 5148

LSD 0.3736 0.5081 0.8044 0.3059 0.2079 0.4645
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Sporobolus virginicus

Figure 4-10 illustrates the relative growth for w&& to 12, for each of tigoorobolus virginicus
cultivars at each salinity level. Statistical diffaces are listed in Table 4-6, where differenetstfor
each dry weight figure indicate a statistical diéfece at 95% confidence.
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Figure 4-10. Relative dry matter production for eat cultivar of Sporobolus virginicus screened at each of
the six salinity levels. LSD values are at 95% cdidence interval.

Table 4-6. Relative dry matter production for eachcultivar of Sporobolus virginicus showing statistical
significant difference. No letter indicates abserof significant difference within the treatment. Differing
letters within a treatment indicate statistical diferences at 95% confidence.

Cultivar | 0.1 dS/m 8 dS/m 16 dS/m 24 dS/m 32dS/m 40 dS/m

MR-S2 1 1.61 3.134a 1.79 0.6511 0.77
Salt Fine 1 1.022 2.288b 1.2%5 0.4087 0.3494
LSD 0.4097 0.6146 0.6939 0.9609 0.2795 0.5p92
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Stenotaphrum secundatum cultivars

Figure 4-11 illustrates the relative growth for we& to 12, for each of tH&enotaphrum secundatum
cultivars at each salinity level. Statistical diffaces are listed in Table 4-7, where differenetstfor
each dry weight figure indicate a statistical diéfece at 95% confidence.
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Figure 4-11. Relative dry matter production for eat cultivar of Stenotaphrum secundatum screened at

each of the six salinity levels. LSD values are 86% confidence interval.

Table 4-7. Relative dry matter production for eachcultivar of Stenotaphrum secundatum showing
statistical significant difference. No letter indcates absence of significant difference within thigeatment.
Differing letters within a treatment indicate statistical differences at 95% confidence.

Cultivar | 0.1 dS/m 6 dS/m 12 dS/m 18 dS/m 24 dS/m 30 dS/m

EB-2 1 1.36| 2.326a 1.3168 a 0.26¢4 0.17305
GP-22 1 1.234 0.84b 0.8656 b 0.1259 0.0207
Marine 1 1.12[ 1.008b 0.7019 b 0.08p1 0.05064
Matilda 1 0.967| 1.245b 0.5968 b 0.13p4 0.03992
Ned

Kelly 1 1.267| 1.071b 0.6025 b 0.1392 0.05606
TF-01 1 1.373] 1.877a 0.9438 ab 0.2083 0.00995
LSD 0.4102 0.5107 0.5789 0.4053 0.2344 0.1126
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Zoysia species

Species from the gend®ysia, have been investigated in three separate serthsZaysia matrella
being investigated under an earlier project (TU02005).ateDfrom the earlier trial is included
graphically for comparison of salinity responséd-igure 4-12. This follows a similar pattern to tot
most Zoysia japonica varieties excluding Zoyboy™, which shows a respom®re typical of a salt
tolerant turfgrass as discussed above. Figure llesBrates the salinity response fmacrantha, Z.
tenuifalia, Z. japonica x Z. tenuifolia andZ. japonica, clearly showing the non-linearity in response of
Zoyboy™ PristineFlora™, Nara™ and comniftenuifolia accession.

Series 3 and 4 of TU06006 were run at two diffesalinity ranges. However there was sufficient
overlap to allow for direct comparison. The restittr the standard entries were not significantly
different between the two series providing furtjustification for direct comparison between
varieties. The salinity level 24 dS/m was comnwbdth series, therefore used to directly compare
relative dry matter as per the above equation.ulRefor this treatment were analysed using Ge@stat

11" edition.

Standardised dry matter 70 to 98 days:
Zoysia matrella (trial 1)

1.4
——G1
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1 Zorro .
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0.8 —x— Royal
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Figure 4-12. Standardised dry matter for the fiveZoysia matrella cultivars over the final 4 weeks of trial 1,
taken from final report TU02005 (Loch et al. 2006)Note: G1 = A-1.
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Comparison of Zoysia sp . Response to salinity
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Figure 4-13. Standardised dry matter for the fiveZoysia japonica cultivars, one hybrid Zoysia, and one
Zoysia macrantha over the final four weeks of trials 3 and 4 of TUB006. Note: Z-3 = Zoyboy.

Relative dry matter production at 24 dS/m for ~ Zoysia sp.
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Figure 4-14. Standardised dry matter at 24 dS/m fothe five Zoysia japonica cultivars, one hybrid Zoysia,
and one Zoysia macrantha over the final four weeks of trials 3 and 4 of TUB006. Cultivars with a
different letter are statistically different at 95% confidence limits (least significant difference 9.099).
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Figure 4-15 illustrates the relative growth for we® to 12, for each of thi#oysia species cultivars
included in series 4, at each salinity level. Stetal differences are listed in Table 4-8, where
different letters for each dry weight figure indea statistical difference at 95% confidertaysia
macrantha was excluded from this comparison due to the diffetreatments between Series three

and four.
Relative dry matter production -  Zoysia species
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Figure 4-15. Relative dry matter production for eat cultivar of Zoysia species screened at each of the six
salinity levels. LSD values are at 95% confidendaterval.

Table 4-8. Relative dry matter production for eachcultivar of Zoysia species showing statistical significant
difference. No letter indicates absence of signifant difference within the treatment. Differing letters
within a treatment indicate statistical differencesat 95% confidence.

Cultivar 0.1 dS/m 8 dS/m 16 dS/m 24 dS/m 32dS/m | 40 dS/m

El Toro 1 0.7311 c 0.64c 0.6106 cd 0.1307 cq Di6%c
Empire 1 0.8384 bc 0.488 ¢ 0.4374 de 0.0775 ¢ 20c01
Palisades 1 0.764 c 0.618 ¢ 0.402 de 0.0545 ¢ 36306
Pristine 1 0.9792 bc 1515b 1.0453 ab 0.529 a 1922

Z-3 1 1.0426 b 1.29b 1.2006 a 0.3954 b 0.18716 ab
Zoysia tenuifolia 1 1.6121 a 1.984 a 0.8862 bd 6416 0.01698 ¢
ZT-11 1 0.885 bc 0.597 c 0.2745 e 0.0382d 0.005 ¢
LSD = 0.4833 0.262 0.4048 0.3118 0.118 0.1407

Defining a single parameter by which to assesselaive salt tolerance of the different entrieads
possible given the non-linear nature of the growgbponse. This non-linearity of function was
particularly noticeable in the more salt tolergmaes where different salt tolerance come inty pta
different salinity thresholds (R.R. Duncan and RJdrrow 2004 pers. comm. 5 October). To address

this issue, three points on the growth reductionveuwvere derived by interpolation for each
cultivar/accession: the electrical conductivitydtich dry matter production was 80%, 50% and 20%
of that occurring in the control. These values lated in Table 4-9, where “na” indicates that the
particular level of growth reduction was not reathe any of the salinity treatments during the
experiment.
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Table 4-9. Electrical Conductivity (ECw) at which gowth was reduced to 80%, 50% and 20% of that occuing in the control treatment (0.1 dS/m).

EC at 80% DM production:

EC at 50% DM production:

EC at 20% DM production:

Trial number Trial number Trial number
Species Cultivar/ 1 2 3 4 1 2 3 4 1 2 3 4
accession (2007- | (2008) | (2009) | (2010) | (2007- | (2008) | (2009) | (2010) | (2007- | (2008) | (2009) | (2010)
2008) 2008) 2008)

Cynodon dactylon FLoraTeXM 2 3 9 5 11 20 18 18 21 37 28 31
Cynodon dactylon AgRiDark 19 24 na

Cynodon dactylon Bosker 21 na

Cynodon dactylon Grand Pri® 17 na

Cynodon dactylon (Gabba) 23 na

Cynodon dactylon MS-Choice 26 na

Cynodon dactylon MS-Express 14 34 na

Cynodon dactylon MS-Pride 4 24 na

Cynodon dactylon Oz Tuff® 12 30 na

Cynodon dactylon Premier 21 na

Cynodon dactylon Princess 23 na

Cynodon dactylon Riviera 22 na

Cynodon dactylon Tifton 10 12 31 na

Cynodon dactylon Wintergreen 14 36 na

Cynodon dactylon x transvaalensis | TifSport 5 14 23

Cynodon dactylon x transvaalensis | Tifgreen 5 14 23

Cynodon dactylon x transvaalensis | Tifdwarf 4 14 24

Cynodon dactylon x transvaalensis | TifEagle 3 14 30
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EC at 80% DM production:

EC at 50% DM production:

EC at 20% DM production:

Trial number

Trial number

Trial number

Species Cultivar/ 1 2 3 4 1 2 3 4 1 2 3 4
accession | (2007- | (2008) | (2009) | (2010) | (2007- | (2008) | (2009) | (2010) | (2007- | (2008) | (2009) | (2010)
2008) 2008) 2008)
Cynodon dactylon x transvaalensis | MiniVerde 4 15 26
Cynodon dactylon x transvaalensis | Santa Ana 3 13 23
Cynodon dactylon x transvaalensis | Patriot 3 12 22
Cynodon dactylon x transvaalensis | Champion 4 16 29
Dwarf®
Cynodon dactylon x transvaalensis | WS200 3 14 25
Cynodon dactylon x transvaalensis | Novotek’ 6 17 28
Cynodon dactylon x transvaalensis | FloraDwarf 8 18 28
Cynodon dactylon x transvaalensis | MS-Supreme 4 15 26
Cynodon transvaalensis South African 4.3 14 23
couch
Digitaria didactyla Aussiblug¢’ 0.3 0.3 0.4 0.3 1 2 2 2 7 9 11 10
Paspalum vaginatum SeaDwarf 20 39 na
Paspalum vaginatum Neptune 24 32 na
Sea Isle 20 22 na
Paspalum vaginatum Supremé
Paspalum vaginatum Parrish 30 31 32
Paspalum vaginatum Sea Spray 22 26 na
Paspalum vaginatum Aloha 25 28 na
Durban 22 26 na
Paspalum vaginatum Country Club
Paspalum vaginatum Salam 20 22 na
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EC at 80% DM production:

EC at 50% DM production:

EC at 20% DM production:

Trial number

Trial number

Trial number

Species Cultivar/ 1 2 3 4 1 2 3 4 1 2 3 4
accession | (2007- | (2008) | (2009) | (2010) | (2007- | (2008) | (2009) | (2010) | (2007- | (2008) | (2009) | (2010)
2008) 2008) 2008)

Paspalum vaginatum Tropic Shore 24 28 29
Paspalum vaginatum Spence 26 22 28
Paspalum vaginatum Sea Isle 200D 5 36 21 30 18 39 34 35 31 na na na
Sporobolus virginicus Salt find™ 32 37 na

MR-S2 38 na na
Soorobolus virginicus QLD-Coast
Stenotaphrum secundatum EB-2 20 22 23
Stenotaphrum secundatum TF-01° 19 22 25
Stenotaphrum secundatum Kings Pride 12 20 27

GP-22
Stenotaphrum secundatum Maring® 11 19 27
Stenotaphrum secundatum Matilda® 21 24 25
Stenotaphrum secundatum Ned Kelly” 12 20 27
Zoysia tenuifolia Common form 18 20 22
Zoysia japonica Zoyboy™ 22 26 30
Zoysia japonica ZT-11 6 14 22
Zoysia japonica Palisade® 5 14 23
Zoysia japonica Empire™ 6 14 23
Zoysia japonica El Tord” 6 16 26
Zoysia japonica x tenuifolia PristineFlora™ 22 26 30
Zoysia macrantha Nara™ 19 23 26
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Photographs showing the visual effect of increasialinity levels each variety (including all of the
pots in each treatment) at the completion of eameesing trial are presented in Section 16.2
(Appendix A-2.).

4.4 Discussion

As Munns (2002) observed, it is difficult to defioequantify differences in salt tolerance among
species. Measured reductions in growth are depéngan the duration in which the plants have been
exposed to saline conditions. Salinity affects gtoim a number of ways including changed water
relations, hormonal balance, or carbon supply. Estating the problem of defining salt tolerance is
the fact that the relative importance of each eflisted processes changes through time. Thelinitia
effect of salinity is largely an osmotic one, reithgcthe ability of plants to take up water and icidig
effects identical to water stress, often termegtaysiological drought” (Carrow and Duncan 1998).
This rapidly causes reductions in growth rate whilee salt-specific effects on growth time to
develop. Where excessive amounts of salt entguléimt and cannot be compartmentalised in the
vacuole, toxic levels eventually develop in theeslttanspiring leaves. The resultant internal ijur
reduces the plant’s photosynthetic capacity, wiictalt-sensitive genotypes continues to decline.

The results presented here are consistent with M{h@93) concept of a two-phase growth response
to salinity as just described. For the first 4-Gek&of treatment, the response to salinity was
apparently dominated by a short-term osmotic efigbtch caused only relatively small reductions in
the amount of dry matter produced. By the end isfithitial period, it is suggested that toxic idred
accumulated in the plants such that growth wagtlgresduced and leaf firing increased rapidly as a
result of internal injury. For this reason emphagis placed upon growth occurring in the last four
weeks of each trial, where growth appeared to Btaalised at reduced levels and leaf firing at
higher levels. To tolerate the second stage wiatie ion effects dominate, grasses must be able to
maintain a higher growth rate to survive othersstes of use, such as wear (Duncan and Carrow
2000).

Some of the results for the dry matter productioeearies two, containing main@§ynodon dactylon
cultivars were inconsistent with that reported WJOR005 (Loch et al. 2006) where Wintergreen was a
poor performer with respect to salinity toleranod &z-E-Green was superior. Closer examination of
the data revealed some inexplicable anomalies.

4.5 Conclusion

It is difficult to compare salinity tolerance bew®vespecies due to the large variations occurring.
However the determination of threshold values ddlesv some degree of comparison to be made.
The most salt tolerant species in these trials Weoeobol us virginicus andPaspal um vaginatum,
consistent with the findings from TU02005 (Loctakt2006).

Based on the relative dry matter production datiected throughout the four salinity screeninglria
the Cynodon dactylon cultivars or genotypes showing greatest produgtad elevated salinity levels
were: MS-Express, Kevin Mitchell's, Oz-E-Green (n@&-Tuff), Princess, Riviera and AgriDark
although this cultivar has since been confirmed hgbridCynodon. Of the other hybri€Cynodon
genotypes the highest salinity tolerances werergbdén FloraDwarf, ChampionDwarf, Novotek and
Tifeagle. WithinPaspalum vaginatum there were no significant differences at 40 d3lowever, at
the next lower level (32 dS/m) the more salt taleultivars included Sea llse 2000, Neptune, Sea
Spray and Sea Dwarf, which showed significanthatge productivity than all but Aloha and Durban
Country Club. There were no significant differenoeserved within th&enotaphrum secundatum
andSporobolus virginicus species. Of all théoysia species and cultivars, Z-3 (now known as Zoy-
Boy) and Pristine were significantly more salt talg than Empire, Palisadestenuifolia and ZT-11.
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While Z. tenuifolia showed a positive response to salinity at the tdexels, the production rapidly
declined at 24 dS/m and above.

While it may be tempting to draw species-wide cositns on salinity tolerance based on the single
genotype ofC transvaalensis screened, this is not possible without screeniftliti@anal lines to cover
adequately the considerable genetic variation withis species. We would also caution against
attempting to apply our findings regarding Austtalmaterial of the non-proprietary cultivars Santa
Ana, Tifdwarf and Tifgreen to the same varieties@sstituted in the US or elsewhere. These vasetie
have been in Australia for at least the past 39e#bs, and almost certainly have diverged from the
original varieties in that time through mutatiotidaved by natural selection under different
environmental and edaphic conditions.

It was expected from the findings of previous olatons thaZoysia japonica would be less salt
tolerant than the previously investigated cultivairgZoysia matrella. However the EC50 threshold
values fall within the same rangsZ. matrella. Interestingly the EC20 threshold values werghsly
less forZ. japonica thanZ. matrella. Zoysia tenuifolia and hybrids with this species tended to have a
more halophytic type response to increasing sgliaitels, with non-linearity of the salinity: dry
matter production curve. The same caution appBeggards drawing conclusions on the salinity
tolerance of the speci@sysia tenuifolia, based on the results obtained from the singla for
investigated in these trials. However the speaesdeem to have conferred a level of salinity
tolerance to its hybrid cultivars. The anomalousaweour of Z-3Zoysia grass, following distinctly
different response to salinity than the otAgaponica cultivars may well be accounted for by it being
a hybrid withZ.matrella as suggested but not categorically stated on $1@ldnt Patent description
(Stanton 1994). Whil&. matrella in general has not shown halophytic type respottssalinity,
hybridisation may confer tolerance through varimexhanisms such as hybrid vigour.

Cynodon dactylon showed the largest range in threshold values saithe cultivars highly sensitive to
salt, while others tolerant to levels approachhmg bf the more halophytic grasses. Coupled high t

observational and anecdotal evidence of high drowadgrance, this species provides options for site
specific situations.
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5 Grass Selection.

5.1 Introduction

Coastal parkland managers must maintain high quaites a multitude of recreational activities.
However, these sites have a unique set of probl8ads.accumulation can result in unthrifty grass or
bare ground. Other limitations saline sites preseotude soil compaction, poor soil physical
properties and nutrient imbalances.

Recent trials of seashore paspalum on high usdatqaerks by the Gold Coast City Council have
highlighted the need for more wear-tolerant altéweahalophytic (salt tolerant) species to be leidl
in such areas.

This component of the project investigated sak#aht grasses with potential for special use
situations, such as high wear alongside footpatdsram the footpath to the beach access; higheshad
under Allocasuarina, Araucaria and Pandanus species and beside manmade structures; saling area
where low-lying ground intersects a saline watéfear as a result of inundation by sea water; sand
build-up, which effectively buries the existing ftlayer; and layering of the soil profile, eithepin
previous topsoil used or from laying turf grownciay-based soils, which results in low rates ofewvat
infiltration.

The major objective of this study was to identifzigh turfgrass species are best adapted to a typica
salt-affected, amenity area with the additionaltitions to growth and survival.

5.2 Methods

Salt-tolerant turf grasses with potential for speuse situations (e.g. shade, wear, waterlogging,
drought tolerance) in addition to seashore paspalame trialled more widely than the controlled
hydroponic screening tests, under field conditianthree sites within the Gold Coast City Council
boundary, while three sites, established under D0B2vithin the Redland City Council boundaries
were monitored for continued grass survival. Sdwvaradomised block experiments within Gold
Coast City were established to compare the heatfHangevity of seashore paspalupagpalum
vaginatum), Manila grass4oysia matrella), as well as the more tolerant cultivars of otecies like
buffalo grass tenotaphrum secundatum) and green couclCynodon dactylon). Each site is presented
here as an individual case study.

5.2.1 Case Study 1 Surfers Paradise Esplanade
5.2.1.1 Site description

Surfers Paradise Beach is a 3 kilometre stretdtea€h with high profile foreshore parkland, at
location 27°32%5, 153°1&. The site is regular host to a multitude ofteis, both local and tourist
with identifiable periods of very high activity ande, for example V8 supercar racing formally
known as Indy 500, and the annual end of year catieins for school leavers, colloquially known as
‘schoolies week’. Turf establishment and growthdsersely affected by the following problems
commonly found on this site, either individuallyinorcombination:

» High wear along foot path and between footpathlzeath access

¢ High shade undeCasuarina sp., Pandanus sp. and manmade structures.

« Saline areas where low lying ground intersects gadtime water table or from sea water
inundation.

e Sand inundation burying existing vegetation.
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e Layering effect of soil profile resulting in lowtes of infiltration and conductivity.

Trials were located on the Esplanade just Soutbasfan Avenue. The park improvement strategy
involved selection and establishment of well-adaptefgrass species/varieties that are highly &ier
of wear and also salt tolerant. To achieve the mar benefit from using better grasses,
establishment and maintenance practises were pigniged, as will be discussed under
Establishment methods (chapter 6).

5.2.1.2 Trial design

Five replications of five turf varieties were pladtadjacent to the pathway between the road and
coastal dunes incorporating areas of high shadevaad A further four replicates were planted
across two beach access ways. The trial wastasgjiti plot design, with turf varieties as the mai
plot. The first split is topsoil type (sandy lommcompost), and the second split is washed or
unwashed sod (to be discussed further under Esttatdint Methods.).

Turf Varieties:

A: Cynodon dactylon Oz-E-Green
B: Paspalum vaginatum Sea Isle 1

C: Paspalum vaginatum Velvetene
D: Zoysa matrella A-1

E: Zoysia japonica Empire

1. High shade Casuarina sp.) various weatr:

To encompass all levels of shade and wear, stipsndong and 0.8 m wide were planted from the
base of trees in the park through to the pathwidese varietal treatments were replicated in 5
randomised blocks. Full layout is included at Setii6.3 (Appendix B-1)

2. High wear areas near the entrance to beach acegoints.

Strips of turf 4m long X 0.8 m were planted acrosach access approaches with the same five
varieties as above. Two blocks were planted &t ehtwo beach entrances (4 in all). Full layout is
included at Section 16.4 (Appendix B-2).

Plates 5-1 to 5-6 illustrate the process ofmiggaration, importing topsoil and establishing $od
of the various turf varieties.
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Plate 5-1 April 26, 2007 Site preparation, Plate 5-2 April 26, 2007 Site preparation,

Surfers Paradise Esplanade showing removal Surfers Paradise Esplanade showing

of native soil surface. replacement of native soil with split plots of

sandy loam or compost.
(E— -

Plate 5-3 May 2, 2007 Areas of full sod planted Plate 5-4 May 2, 2007 Areas of full sod planted
along pathway between dune and road blocks along pathway between dune and road blocks 4
1, 2 and 3. Bare strips were planted with the  and 5. Bare strips were planted with the last
last turf variety or[] the following d%y. turf variety on the following day.

b

Plate 5-5 May 4, 2007 Strips of full sod planted Plate 5-6 May 4, 2007 Strips of full sod planted

across beach access ways, blocks 1 and 2. across beach access ways, blocks 3 and 4
V@ww el L

5.2.1.3 Measurements and observations
58 days after planting core samples were extraotetkasure effective rooting depth. On six

occasions (days 187; 230; 286; 342; 405; 461) éurtbre samples were collected to measure root dry
weights. Average root mass was calculated as acaited of the healthy functioning of turfgrass in
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this environment. Photographic records were kepthfe duration of the trial. A set of rating values
were estimated by visual observation 187 days aftetng.

The subjective assessment of quality ratings walaced with a follow up assessment of turf
greenness on 11 June 2009 with turf colour readisgyy a Fieldscout TCM 500 NDVI Turf Colour
meter (Spectrum technologies®). This instrumerdsuees reflected light in the infrared (IR) and
near infrared (NIR) bands, the ratio of which is tormalised Difference Vegetation index (NDVI)
which is used here as an indication of plant health

5.2.1.4 Results and discussion

In figures 5-1 and 5-3, the root mass of the fppecses are compared over time for the pathway Block
and the beach access block respectively. All spdolowed a similar trend, with root mass peaking
in April (day 342). This may be due to a root fluistluced by rainfall, just before a relatively deumb
state was entered in winter. Figures Figitzand Figures-5 summarise the values of root dry mass
for which statistical differences were apparentdach set of turfgrass blocks. At 58 days after
planting there was no significant difference ireeffve rooting depth between the cultivars. 230sday
after planting, Empire, a variety of Japanese lgvass Zoysia japonica) and Oz-E-Green, a variety

of green couchQynodon dactylon) produced significantly less root mass than braspalum

vaginatum. However, this difference was insignificant lateithe trial. This suggests conditions were
not sufficiently hostile to separate cultivars lzhea root mass. The later measure of NDVI was hoped
to be indicative of differences in sustained healtér a longer term. However, there were no
statistically significant differences between audtis with respect to NDVI. Relatively wet winters
have prevailed on the Gold Coast for the past 8y@asituation that may have masked salt tolerance
differences, in the absence of a prolonged drysseaksalt accumulation.

Finding a parameter by which to separate the haaldhquality of turfgrass cultivars, grown under
conditions of multiple pressures is very difficiarticulary given that the dominance of each Ilimgit
factor varies throughout the growing season. Addil factors such as sand inundation from storm
events has also masked any differences that mayliean apparent between the turfgrass cultivars.
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Root dry weight changes for each
turfgrass cultivar adjacent to pathway

0.4
o) —— Oz-E-Green
2 037 = Sealsle 1
(@)
'© Velvetene
202" ”/\' Y,
&
g 0.1 +Emp|re 7 [ ~
e - LSD
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O T T v

0 100 200 300 400 500
Days after planting

Figure 5-1. Root dry weights at each sampling occias for each cultivar grown adjacent to the pathway

Root dry weights - pathway

0.3

0.25 1
0.2 - bc

O Day 230
0.15 c W Day 286
0.1 - b U Day 405

Dry weight (g)
QD
QD

0.05 -

Oz-E- Sealsle 1 Velvetene A-1 Empire
Green

Figure 5-2. Root dry weights for sampling occasionis which statistical differences occurred. Diffeent
letters at each sampling day indicate statisticalitferences at 95% confidence.
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Root dry weight changes for each
turfgrass cultivar on beach access ways

0.5
2 g4 | —* Oz-E-Green
= —®—Sea lsle 1
2 0.3 - Vel
2 elvetene
> 0.2 A-1
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8 0.1 | < Empire
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Days after planting

Figure 5-3. Root dry weights at each sampling occias for each cultivar grown at the beach access way

Root dry weights - beach access

0.3

0.25

0.2 1 @ Day 175

0.15 - ) bc ab_ B Day 230
C
011 b . O Day 286

0.05

Oz-E- Sealslel Velvetene A-1 Empire
Green

Figure 5-4. Root dry weights for sampling occasionis which statistical differences occurred. Diffeent
letters at each sampling day indicate statisticalitferences at 95% confidence.
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Normalised difference vegetation Index (NDVI) of Tu  rf Grass on 11
June 2009
(771 days after laying sod)

Normalised difference vegetative index

OZ TUFF Sealsle 1 Velvetene A-1 Empire

Figure 5-5 The comparative NDVI of 5 turf grassesrtalled in a high foot traffic, partially shaded,
foreshore amenity area. No significant differencesere measured. Bars on the graph indicate L.S.D.s
(P=0.05) between cultiivares

The most significant pressure limiting growth dstsite, for the duration of this trial was theig

level of traffic. As can be seen in

Plate5-7, where there is a line of healthy growth furthestly from the pathway. All grasses suffered
severe damage due to wear, while they all similgrégv well closer to the tree line, suggesting shad
was not the major limiting factor at this site.
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Plate 5-7. Overview of blocks 1 to 3, taken 28 Augti2007. All grasses damaged by high traffic on the
right hand side, an healthy growth under shade oftte left hand side.

The final inspection of Surfer's Paradise Trial wadertaken on 11 June 2009. The beach access
areas had been covered by sand in recent storreseadelow in plates 5-8 and 5-9. The most
striking observations were the invasion of Empirte iboth A-1 and Sea Isle 1 (Plates 5-10, 5-11 and
5-12). Given that this cultivar was found to beslealt tolerant than each of the other cultivaeseh
was further evidence that salinity was probablyaslimiting as wear at this site. Similarly, the
healthy growth of Oz-E-Green in localised positiahshe site of which Plate 5-7 is an example,
suggests that management is equally importantléigazrichoice.
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Plate 5-8. Southern beach access area, covered Plate 5-9. Seashore paspalum growing through
by sand sand inundating the southern beach access
area following a recent storm

Plate 5-13. Oz-E-Gren showing good halthy
0 rOWth

Plate 5-12. Empire moving into a plot of
Velvetene on the right
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5.2.2 Case study 2 Budd’'s Beach

5.2.2.1 Site description

Budd’s Beach is a west facing beach opposite Cinelgtand at location 27°539” S, 153°2586" E.
Turf establishment and growth is adversely affettgthe following problems commonly found on

this site, either individually or in combination:

» High wear close to large fig tree
e Saline areas close to beach front.
« High traffic

5.2.2.2 Trial design

Four observational trials were established to ingat turfgrass performance under each of the
stresses listed above, with the fourth trial inoogting a combination of adverse conditions. A map
of the field site is shown at Section 16.5 (Apperish3).

The included turf varieties were:

* Cynodon dactylon Oz-E-Green
» Paspalumvaginatum Sea Isle 1
e Zoysiamatrella A-1

At the site incorporating combined pressures atfiospecies was included as it is well adaptedws lo
light conditions and was observed growing endertyical

» Dactyloctenium australe sweet smother grass

Wear Tolerance

Three species were planted adjacent to a condedt@the observation deck (the northern most
block). Turf rolls were planted perpendicularhe slab, with plots approximately 200mm x 2000mm
with spaces left between plots. This block wasaséd in constant, full sunlight.

Shade tolerance and salinity tolerance / beach stéibation
The same three cultivars were planted adjacethiettarge fig tree. The plots were approximately
500mm x 2000mm with spaces of 500mm between plots.

Combined Pressures limiting Turfgrass Growth

The southern most plots included the same threwartd with the addition of Sweet smother grass.
The turf was laid to ensure consistent traffic,dghand salinity across plots. The plots were
approximately 500mm x 2000mm with spaces of 500retwéen plots.

5.2.2.3 Methods

Each trial did not include replication due to laxflspace, which therefore precluded statistical
analysis. Existing topsoil and grass cover was wead@rior to planting. A good quality sandy loam

to a depth of 200mm was used to replace that whischremoved. Turf sod was laid on 23 April 2009
and fertilised with quick release, balanced festitiat 5 gN/m(NPK ratio: 18-10-9).
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5.2.2.4 Measurements

Turf colour readings, using a Fieldscout TCM 500\NDurf Colour meter (Spectrum
technologies®), were recorded on 27 May, 9 Junedafvdgust, 2009 as an indication of plant health.
Photographic records were taken on 4 August ard@60ber 2009, at which point the trial was
terminated due to damage.

5.2.2.5 Results and discussion

As stated above, this trial was terminated on 3twksr 2009, partially due to inundation from storm
events, but also due to failure of the irrigatigatem. A prolonged dry period meant that all geass
were unable to survive dehydration. Results preseinélow must be considered to represent the
defined stressed environments with the additioneggure of severe water deficits.

Figure 5-6 illustrates the change in NDVI readingth time for the site considered to representgh hi
wear environment. All grasses show an improvenmeNDVI from 27 May to 9 June, followed by a
rapid decline in NDVI which would be indicative thfe onset of moisture deficit stress. Oz-E-Green
(a cultivar ofCynodon dactylon) seems to show a higher NDVI on the last readinggesting it
survived for longer during the moisture deficitiper Figure 5-7 illustrates the same NDVI
relationship for conditions of low light intensitigain theCynodon dactylon cultivar has maintained
a higher level of greenness for the later readiRggire 5-8 shows the pattern of NDVI for the
combined stress site. Here aspalum vaginatum cultivar Sea Isle 1 has maintained a higher level
of greenness by the latter date. At this sitepjiemrs the water deficit stress may be of lesser
significance than salinity, traffic and shade, inietn case the more salt tolerant species has
maintained dominance. Interestingly, this patternat fully repeated in the data from the saline. si
Figure 5-9 represents NDVI data for the three gzeiti the saline position, where all species show a
similar response.
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Turf Grass Health in a High Wear, Amenity Environme  nt Turf Grass Health in a Low Light, Amenity Environme nt
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Figure 5-6 The comparative NDVI for 3 Figure 5-7 The comparative NDVI for 3
amenity turf grasses, grown in an area subject amenity turf grasses, grown in an area shaded
to high levels of foot traffic. by adjacent trees for the majority of each day.

Turf Grass Health in a High Stress, Amenity Environ  ment Turf Grass Health in a Saline, Amenity Environment
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Figure 5-8 The comparative NDVI for 3 Figure 5-9 The comparative NDVI for 4

amenity turf grasses, grown adjacent to beach amenity turf grasses, grown in an area exerting

dunes and potentially exposed to high levels of wear, shade and salinity stress through

salinity. proximity to foot traffic, tree canopies and
beach dunes.
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5.2.3 Case study 3 Hollindale Park
5.2.3.1 Site description

Hollindale Park is located south of the SheratoteHon Sea World drive and MacArthur Parade on
Main Beach at the Gold Coast at location 27288S, 153°2%3" E.

On 12 March 2008 preliminary soil tests indicateat the site had a bulk density of 1.35, pH was 6.8
and salinity was 37@S/m with a volumetric moisture content of 4.6%.

The most significant limitation to turf growth &ti$ site was considered to be shading from
surrounding trees, as can be seen in Plates 5¢l8-aB.

Plate 5-14

iy 1

Plate 5-15

5.2.3.2 Trial design

One replicated trial was established on a highathatdea and a further two sites were established
adjacent to individual trees as demonstration si#slarger plots. Trial layout for the trial and
demonstration sites is included in Section 16.6p@umlix B-4).

5.2.3.3 Methods

One replicated trial was established on a highethatea on the 23/04/2008, but was relocated to a
similar site on 21/05/2008 due to road constructiofurther two sites were established adjacent to
individual trees as demonstration sites with laggets. Cultivars included were: Sea Isle 1, Oz-E-
Green and A-1 Zoysia. The turfgrasses were fertlliwith CK88 at 5 gN/fon 30 May 2008.

5.2.3.4 Measurements

Visual observations of % cover (0-100), colour §19 leaf firing (0-100) and overall quality (1-Oiy
three occasions, 21 May 2008, 10 June 2008 andybigi2008, with a final inspection of the trial
conducted on 11 June 2009.

5.2.3.5 Results

The figures below represent the estimated ratiagghe four categories of: vigour; % cover; colour
and overall quality. Sea Isle 1 shows lower cogeraolour and overall quality at each of the

assessment dates (Figure 5-11, 23 and 24). Ak ttutivars showed declining colour at each
assessment apart from Oz-E-Green which maintaioed golour throughout June and July 2008.
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This site, as with all other sites relied upon fidirto supply 100% of the plant water requirements
after the establishment phase, during which tinedrigation water source was recycled water. The
superior performance of Oz-E-Green may well betdwegreater drought tolerance, rather than
tolerance to high shagker se.

Estimated vigour of turfgrass in high shade conditi ons Estimated coverage of turfgrass in high shade
conditions
10
9 100
& 81 99
5 74 98
3 67 @ 21-May-2008 = 9
2 5 B 10-June-2008 < 981 8 21-May-2008
3 | ALGUSE § 95 7 B 10-June-2008
E 4317 0 05-August-2008 3 g;: 005, August- 2008
g 24 92
1+ o1 -
0+ 90 -
Sea lsle 1 A-1 Zoysia Oz-E-Green Sealsle 1 A-1 Zoysia Oz-E-Green
Figure 5-10. Visual rating of turfgrasses vigour Figure 5-11. Visual estimation of percentage
under high shade. turfgrass cover under high shade.
Estimated colour rating of turfgrass in high shade Estimated overall quality of turfgrass in high shad e
conditions conditions
9 85
2 85 @ 8
§ 8 @ 21-May-2008 § 751 © 21-May-2008
8 B 10-June-2008 s B 10-June-2008
75 0 05-August-2008 ﬁ 71 0 05-August-2008
8 71 g 6.5
6.5 6
Sealsle 1 A-1 Zoysia 0Oz-E-Green Sea Isle 1 A-1 Zoysia Oz-E-Green
Figure 5-12. Visual rating of turfgrass colour  Figure 5-13. Visual estimation of turfgrass
under high shade. quality under high shade.

A final inspection of the trial on 11 June 2009e@led all plots were dominated by Oz-E-Green, as
illustrated below in Plate 5-16 andPlata7.

Plate 5-16Close up of main trial in which Plate 5-17Close up of Oz-E-Green 11 June
Oz-E-Green has become the dominant 2009
cultivar as of 11 June 2009

Plates 5-18 and 5-19 show the demonstration tridleasouthern tree before establishment and at the
conclusion of the trial. Plates 5-20, 5-21, arZR5are close up photographs of the three cultigars
this same demonstration site.
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tree viewedfom north west.

Plate 5-18 Site preparation — Northern
- -

s e

Plate 5-19 Southern tree viewed from North West atonclusion of trial. Grasses are from left to
right, Sea Isle 1, Oz-E-Green and A-1 Zoysia

Plate 5-20 Close up of Sea Isle 1 Plate 5-21 Close up of Oz-E-  Plate 5-22 Close up of A-1
at southern ree Green sth tree Zo sia atsuther tree
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5.3 Conclusions

While there has been a lack of evidence to supp@ttested cultivar over another, a general pattern
has emerged in which different species, and cultiliave shown superior performance under
different stress conditions, supporting the nofigst introduced in TU02005 (Loch et al. 2006) that
patchwork of different turfgrass species acrosmddcape would be ideal, matching levels of
tolerance and adaptation to levels of salinity,eslagging, wear and tear and drought all integrated
into sustainable systems of management and use.

Scientific results are difficult to achieve undégite field situations in which conditions canrim
controlled. Similarly, finding a parameter by whihseparate the health and quality of turfgrass
cultivars, grown under conditions of multiple prness is very difficult. While root growth provided
important information as to the rate of establishmender various stress conditions, it did not
translate into an indicator of the longer term stalof individual cultivars. At the Surfers Parsel

site, Empire showed consistently slower root growwtterms of root dry matter production from
sampled soil cores. However, at the final inspectibthis site, Empire appeared to show the greates
survival in the longer term. Conversely Sea Islarider a combination of moderate wear and high
shade had the highest root growth rates. Howd@véne beach access ways this difference was no
longer apparent, suggesting the higher wear apitsition limited this cultivar’'s advantage.

These trials have provided valuable observatiovigliemce of the likely survival of these speciess It
noteworthy that each of the introduced, more s#dtrant grasses included in trials, grew and indade
surrounding areas where inferior or endemic grasees struggling to maintain any degree of cover.
There was some evidence that some do better ireshatif water became limiting the ability to
tolerate drought overrode this difference. AtBweld's Beach site, severe water stress was the
primary limitation to turfgrass growth, leadingftlure of all turfgrasses in the longer term. Hoee
Oz-E-Green’s superior drought tolerance ensursdritived for the longest period. At the same site,
under conditions of low light intensity and subseafly less severe water stress, the salt toleraihce
Sea Isle 1 allowed this cultivar to demonstrateesiop performance. Similarly at the Hollindale Park
site, severe water deficit prevailed as a limitatio turfgrass growth in which Oz-E-Green again
showed superior performance. Sea Isle 1 appeanat be as drought tolerant as Oz-E-Green. In the
shaded situation at Hollindale Park, despite OzrEe@G becoming dominant there were also areas in
which the A-1 zoysia maintained a good dense cgesliawhich case species choices may come
down to personal opinions, preferences or avatiabil

Saline conditions do not seem to be the most impbtimiting factor on the Gold Coast — wear,
shade and water availability appear to be factbesjoal, if not greater importance in limiting
turfgrass growth and survival.

All the grasses tested are premium grasses. 3ucivastment warrants good establishment and
maintenance protocols. Most important of whictriggation during prolonged periods of water
deficit. The key outcome here is that accuratetitieation of the major limitations to turgrass g
at each site is essential in selecting the rigatigs and cultivar. The key is not selection efrilght
turfgrass as an isolated component. Rather thédksyccess is the selection of the right specids a
cultivar for each situation combined with estaliighand maintaining those turfgrasses in the right
way. It is important to find strategies to ensuoedjestablishment, and to irrigate when needed, so
that the chosen cultivars have a greater abilistand up to the pressures imposed on them.
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6 Establishment Methods.

6.1 Introduction

As discussed above, turfgrasses range from extyesaéilsensitive to highly salt tolerant, as danfda

in general. However, finding a salt tolerant griasso “silver bullet” or easy solution to salinity
problems. Too often in the past, the construct@ablishment and maintenance phases have been
considered in virtual isolation of one another.e@ construction invariably leads to initial cost
savings being quickly eroded through higher thaseasary maintenance expenses for the
indeterminate future. This has been exacerbatedldgk of detailed establishment protocols for park
development. By specifying clear guidelines to ddfved during the construction of coastal parks,
many of the current problems and additional exp@angalow-up remediation and management could
be minimised and even eliminated in the future.

Laying full turf across large areas of park or sgfield is expensive, and in some cases can give an
inferior result by creating a surface layering efffdhat reduces depth of rooting and hence drought
tolerance. Alternative methods such as spriggmgeeding are attractive to enable councils tocedu
establishment costs and increase the area platediie same budget, provided the reliability of
these alternatives can be increased substantiatty €urrent levels.

Maximum return from the investment into good quadjtass cultivars was shown above to be limited
by establishment and management protocols, ortlerkeof. Improvements to these protocols were
the focus of this section. Four approaches weoptad to investigate establishment. The components
to the research included development of protoani$ife better establishment from full sod as
observational investigation of sprigging, a sci@ntnvestigation of sprigging under controlled
conditions, and finally, continued observationridltsites established under TU02005 in which plugs
of turfgrasses were used to remediate saline scatmsastal parks within the Redland City Council
boundaries.

6.2 Investigations

6.2.1 Topsoil and sod preparation
6.2.1.1 Methods

The first step in improving turf performance in faugs Paradise Beach park (Case study 1, section 5)
was to develop a good growing profile below thé lyrincorporating organic matter (<5% by
volume) into the well-drained but depauperate beactus.

It appeared from observations on 6 December 20@6 the topsoil (red-brown earth) brought to the
site on the existing turf sod was contributinghe problem of stratification within the soil prefil
inhibiting water infiltration and root growth. THhi&ely presence of sodium salts at this site would
further exacerbate the problem by altering the flaygroperties of this soil. To prevent the
occurrence of soil profile layering it was suggddteat all further sod introduced to the site be
washed, at an approximate cost of $1.50 /m2. Arlaj sandy loam topsoil was then suggested to
enhance establishment of turfgrass and also resiutace hardness through the area. Many of the
topsoils on the market need critical evaluationtif@ir suitability as a turf underlay.

While the main plots at the Surfers Paradise sgeeveach of the cultivars, as discussed in the

preceding section, the trial was actually desigred split-split plot, with the first split beingpsoil
material and the second split being washed and stmvebsod. The two topsoil materials under
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comparison as turf underlay were 100% compost andysclay topsoil, each applied above the sand
profile to a depth of 10 cm. (Trial layout includasl Appendix B-1).

Turf was laid as washed or unwashed full sod, antepted (as far as practicable) from wear for the
first two weeks using temporary fencing (illusthebove in Plate 5-1 to Plaies). Turf was laid on
10 cm deep compost or sandy loam topsoil containcnmore than 25% organic matter. Turf was
watered daily for the first 14 days. After thesfifortnight, irrigation intervals were extendediliurf
was surviving on 100% rainfall. The turf was thmanaged according to regular mowing and
maintenance schedule for the site. Blanket drgssinfertiliser were applied in accordance with
existing fertiliser program.

Data collected as per the protocols listed in eadh.2.1 were analysed such that comparisons could
not only be made between cultivars, but also betvteesoil materials (sandy clay versus compost)
and sod preparation (washed versus unwashedsti@tanalysis was conducted using GenStét 11
Edition.

6.2.1.2 Results and discussion

As discussed above, the first samples did not siromstatistical differences between cultivars, or
between washed and unwashed roots (Figure 5-1-ahd lBowever, the root growth in sandy loam
was significantly higher than in compost (Figur)6-As can be seen by later figures this diffeeenc
was temporary, with the compost profile showinggigantly greater root production than the topsoil
(Figure 6-3). The superior root growth translatdhiproved quality at the final inspection, witteth
turfgrass grown on compost showing a higher ND\igj¢Fe 6-4). This could be explained either
through higher water holding capacity of the compwslerlay or better nutrient retention, although
neither were assessed during this trial. Usingpmst) rather than a clay loam, beneath turf radlls a
establishment, leads to significantly higher NDiélgardless of whether full sod or bare-rooted turf
grass is used.
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Comparison of rooting depth 58 days after laying Comparison of rooting depth 58 days after laying
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Figure 6-3. Root dry matter production on Figure 6-4. NDVI of turfgrasses on different
different turf underlays, with and without root  underlays, with and without root washing.
washing prior to planting.

Plate 6-1Turf grass plots displaying healthy growth and colar when growing on composted
organic material (left) compared to sparse cover @r a clay loam
(right).
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6.2.2 Alternative planting method — large, low wear areas
6.2.2.1 Methods

Sprigging or stolonising a cheaper alternativeatarlg full turf was investigated as a viable tecjua
for establishing turf over larger areas. Thregdaareas of the coastal parkland at Surfers Paradis
were planted with sprigs &faspalum vaginatum VelveteneTM and large plugs (10 cm diameter) of
Senotaphrum secundatum SaphireTM were planted under trees.

The planting of turfgrass plugs was investigatedraalternative to more costly establishment
methods. Plugs d?aspalum vaginatum, Zoysia matrella andSporobolus virginicus had previously
been planted at Masthead Drive, Raby Bay. Thése wiere monitored for the duration of this trial.

Plate 6-2. June 14 2007 Sprigging machine Plate 6-3. Loading sod of VelvetenePaspalum
vaginatum) ready for sprigging.

Plate 6-4. Sprigging foreshore areas with Plate 6-5 June 14, 2007 areas of foreshore sown
Velvetene Paspalum vaginatum) to sprigs of Velvetene Paspalum vaginatum)

I
i

6.2.2.2 Results and discussion

This method is more appropriate for areas of laffitr as the establishment time is greater. Spfgs
Velvetene have shown limited success in the coaiteltion, due mostly to limited access to water.
Timing of planting was also not conducive to rapstiablishment due to cooler temperatures limiting
growth of this warm season turfgrass. Use of thefer Indy 500 required that planting occur ptior
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the event in the hope that the grasses would éstahlpreparation for schoolies. Such limitations
highlight the difficulties faced by park managerdigh use areas.

The following plates illustrate the time requiredestablish 100% grass cover from sprigging, under
suboptimal conditions of irrigation and traffic.le@rly 10 weeks is an insufficient time period.
However extension of this period is impracticalegithe usage demands for the site.

Plate 6-6 28 August 2007 Sprigs starting to Plate 6-7. 28 August 2007 Velvetene sprigs
spread between rows, 10 weeks after planting spreading over sand which inundated the site

following storm events (10 weeks after
Ianting a

Plate 6-8. 9 November 2007, turfgrasses under Plate 6-9. 9 November 2007, harsh conditions
imposed shade and traffic during Indy 500. limiting full establishment from sprigs of
Vereteng 20 weeks after planting

p = P~ . R, o P LR
Plate 6-10 14 January 2008 Sprigs of VelvetenePlate 6-11 14 January 2008, individual plant of
not yet providing 100% coverage Velvetene showing limited density due to harsh

conditions.
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6.2.3 Controlled investigation of sprigging using good gality compost growing media

A concurrent trial was conducted under controlledditions at Redlands research station to
investigate the potential to expedite the procésstablishment from sprigs. Seashore paspalum
(Paspalum vaginatum) turf growth in a 5 cm layer of compost growingdiwen. Whilst this trial was
primarily focussed on the value of a commercialgng media, the results have application for any
sites in which a minimum timeframe is requireddstablishment, where full sod is unachievable due
to budgetary constraints.

6.2.3.1 Methods

A level site was selected on Redlands Researcio&tétleveland (27°33, 153°15) within a 10 x

10 m area irrigated by 4 x 90° pop-up sprinklerdhwiead-to-head coverage. This was bounded by 5
cm thick planks and heavy-duty black plastic wad ¢a the ground surface within the growing area
to allow easy removal of full sod at completiorttod trial. Compost mixed with c. 10% sand to
improve internal drainage was laid to a depth @ragximately 5 cm within the surrounding planks.

On 16 February 2007, sprigs of the seashore paspaluety SeaDwarf were spread on the surface
and held in place by shade cloth fastened ovetoihvéstandard greenkeeping practice when laying a
new bowls green). Programmed daily watering commenc replace evapotranspiration losses (based
on 80% of average pan evaporation), and continuedigh to maturity of the new sod. The shade
cloth was removed on 2 March, from which time ordgaa sequence of weekly or fortnightly
photographs were taken to follow the grow-in of BeaDwarf sod. Urea (at a rate of 50kg N/ha) was
hand broadcast over the area after 5 weeks and afyar a further 4 weeks to replace nitrogen lost
through leaching.

6.2.3.2 Results and discussion

The sprigs took well and grew rapidly, achievinth $od cover by 10 weeks after planting. By this
stage, extensive root and rhizome developmentdiahtplace throughout the growing medium. The
short time taken to produce mature sod looks verynsing, as this process, in a field situation was
shown to take 4-6 months for a similar cultivatlod same species. On the down side, some broadleaf
weeds and sedges also developed, but in future prebtems should be easily avoided by applying
oxidiazon (Ronstar®) at planting to prevent anydsgermination taking place.

Plates 6-12 to 6-29 are a photographic time sequsmawing development of full sod from sprigs of
SeaDwarf paspalum during the first 11 weeks foltayplanting Left — general plot viepwRight —
close-up of turf).

This method has proven successful for rapid estaiént of Seashore paspalum. This method
ensured the growing media with a regular water lsugpd fertiliser regime kept the sprigs in optimal
growing conditions. Protection from traffic was@|garamount to the successful establishment of a
healthy grass sward.
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Plate 6-28. 5 May 2007 (11 weeks)

58



6.2.4 Monitoring of long term establishment trials with Redlands City Council

Plugs ofPaspalum vaginatum, Zoysia matrella andSporobolus virginicus were planted at Masthead
Drive, Raby Bay with mixed results. Due to the djlotuconditions that persisted throughout the
majority of this project, it became council poliwynot irrigate amenity areas due to the high level
water restrictions imposed by government. Thislimaised the survival of many species within
coastal parkland areas. However, the overall laitgef turfgrasses in this parkland has been
surprisingly good, with some areas displaying gtothat has connected plugs to form a continuous
and healthy verdure. Grass cover remains spara@&uvao, in some low tracts of ground where high
salt accumulation is evident. It is suspected ¢batentrations of salt in discrete areas of this
unirrigated land, developed from marine mud, atecnaducive to establishment from plugs. The
partial success observed in this area, howevegesiig) that the planting of plugs of salt-tolerant
cultivars may be an option for establishment wissiequality is better and/or salt leaching is
possible.

Plates 6-30and 6-31 are a side by side comparison of the saezeof parkland photographed in
January 2004 (a) prior to laying full sod of saletant turfgrassRaspalum vaginatum) and again in
March 2010 (b). In February 2004, Redland City @uluestablished seashore paspal&aspalum
vaginatum). The site was underlain by compacted marine raod,was both strongly acid (pH 3.3-4.7
surface, 2.9-4.4 subsoil) and saline (ECe 2.8-d$/in surface, 4.2-46.7 dS/m subsoil). While the
aspect is slightly altered it is still clear thaags cover has improved significantly, despite redeel
drought during the interim period. Plate 6-31 wadseh after a prolonged rainfall period, when graisse
are in the recovery phase.

Similarly, Plates 6-32 through to 6-35 demonsttiagesuccessful establishment and persistence of
plugs of salt tolerant grasses. These plugs wargqa into a layer of good quality topsoil whicish
provided a suitable medium for the grasses to kstiabSalt tolerance has then allowed continued
survival in hostile conditions.
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Plate 6-30January 2004 Queens Esplanade Birkdale Plate 6-31March 2010 Queens Esplanade Birkdale
(looking west). (looking west).

Plate 6-33 plugs ofSporobolus virginicus providing
good cover and persisting despite extended drought.

Plate
2004

Plate 6-34 Overview of Masthead Park in February Plate 6-35 Overview of Masthead Park in March

2007 following planting of salt tolerant plugs 2010, showing not only persistence of grass species
but a marked improvement in grass cover due to
better species choices.

6.3 Conclusions

The most beneficial management practice identigtie addition of composted organic material to
the media used beneath turf laid as full sod. Gaks has been found to benefit from such
amendment whether sod is washed bare or containihgVashing turf sod alone has not been found
to affect turf grass health.
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Compost was found to be superior to the selectesbif as defined by root production, with
significant differences detected on two of the samgypates. When roots were washed free of soll,
prior to laying the differences between the effeftthe two media were augmented. These results
support the evidence that suggests that layemneidin the soil profile, limit the vertical movenegi
water, oxygen and roots. This restriction of soiidtion ultimately leads to reduced turfgrass lmealt
and quality. Such layers are formed when two metligery different texture are interfaced. Another
reason that washed sod may have an advantagainaifected park is that in the absence of clay
particles, sodium ions are not able to be retaindke root zone for extended periods. Conversgly,
sodium builds up by adhering to clay plateletsl, soucture may be compromised and concentrations
that are toxic to turfgrass may even be attained.

Composted material could benefit a deep sand prbfilraising the cation exchange capacity, nutrient
retention, water holding capacity and organic eygbf nutrients, as a pure sand lacks these
properties.

The possible use of the new seeded seashore pasyaliety ‘Sea Spray’ (becoming available
commercially in the USA), especially for large gcplantings or patch-up work, was to be
investigated, depending on seed availability arssiixbe restrictions imposed by the IP owners. A
structured and designed experiment, planned faeas the Gold Coast to compare seeding and
sprigging was cancelled due to lack of irrigation.

Alternative methods have been shown to be sucdessfantrolled situations. The fragile nature of
grass sprigs makes irrigation essential as thaglyapehydrate. It is important not to be reliapba
incident rainfall, although water and energy sasingl be made if rainfall does occur in sufficient
quantities. Also, the area must be protected fraffi¢ for a minimum of 10 weeks. Regular
applications of fertiliser are important to ensgrewth rates are at a maximum, giving the plant
opportunity to establish a healthy root systenhimttme allocated. This method may be possible in
low use parks or discreet areas that can be feoca, sporting fields that can be closed for the
duration. It is not appropriate in high use suéth limited water supply. Pre-emergent herbicides
also required if sprigging under optimal conditiemghosen as the establishment method. The
optimal conditions for grass establishment wilbagsipport the germination and growth of weeds from
the latent seed store in the soil.

This chapter and the preceding chapter have higielibthe importance of viewing turfgrass
establishment and management from a holistic viéwpAs shown, it is not a simple matter of
selecting a cultivar, planting and forgetting. Tudtivars investigated, while showing superior
performance in sub-optimal conditions, do havetitons. They are living plants that do require
necessities of life — water, nutrient, light andngoprotection. The high water needs required to
establish the turfgrass sward, will be a valuallestment in the long term as it will allow thergléo
perform many benefits to the environment, as wethe social and health benefits that living plants
provide (Gullone 2000; Maller, Townsend et al. 20Q&czynski and Henderson 2007).
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7 Soil de-compaction.

7.1 Introduction

Soil salinity is sometimes associated with highaarirations of soil sodium (Na) (sodicity) since
sodium ions account for a number of the cationgltiag from dissolution of salts. Sodium status is
often defined by the exchangeable sodium percerfE&gE) — a measure of the sodium available for
exchange or to increase sodium concentration Irsshition, relative to all the exchangeable cation
on exchange sites within the soil. Exchangeablessodnd cation exchange capacity (CEC) are
measured in units of centimoles of positive chaogiekilogram (cmol(+)/kg).

_ Exchangeablel Na %100
CEC

ESP

Since the dominance of sodium relative to othdpnat particularly calcium and magnesium, is
important for understanding physical soil strucfuine sodium absorption ratio (SAR) is also used to
quantify sodium. Classification of soils, basedsalinity and sodicity, is given in Table 1.

Na

J(Ca+ Mgi+2

Table 7-1.The Australian classification of soils based on theffective electrical conductivity
(ECe) and SAR measured from a 1:5 (soil:water) mixire (Naidu and Sumner 1995)

SAR=

Class Total Soluble Salt Status Sodium Status
Approx. EG 1.5 Extract SAR
Saline >4 <3
Sodic <4 >3
Saline-sodic >4 >3

Considerations of sodium content in soil are altias an excessive amount will lead to poor soil
structure and properties that are not conduciaptional turfgrass growth. More specifically, sadlrc
become less permeable to water, oxygen and rostsolpores become smaller, blocked or less
continuous, water infiltration and drainage decesasxygen diffusion decreases and soil strenglh an
surface hardness increase.

As sodium ions replace others on the CEC sitedaynparticles, compaction becomes more
prevalent. This is due to the difference betweef (flaonovalent) and cations with a positive charge
of 2 or more (e.g. Ca+2) (polyvalent). Clay is nigdy charged and polyvalent cations are able to
attract at least 2 microscopic fragments of claiydging them together in the beginnings of
flocculation (building soil into structurally stabunits called aggregates).

When sodium builds up and becomes the dominardrgatiis less efficient at overcoming the
negative charge of soil, relative to polyvalentsomfhis means that most clay platelets will retairet
negative charge, causing repulsion of each othetadass of soil structure.

Because sodicity can be a problem in saline dhils segment of the research aims to investigate
techniques for the alleviation of soil compactibattcompliment salinity management. Initially,
cultivation of the soil with 2 different machines well as topdressing was examined. As no
significant improvements were recorded, a secord@lvas implemented, utilising a number of
settings on a deep tine aerator (DTA), arguablhbs, easily-accessed machine for intense soil
aeration where soil disturbance is not permittddrGand Carrow 1997).
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Although this work evaluates the ability of machinto change the physical properties of an
extremely compacted, marine mud, a decompactiogrgname should holistically address all aspects
of the problem. The physical and chemical naturénefsoil, as well as the irrigation, drainage and
topdressing practices should all be included in@ags to maximise soil aeration.

7.2 Methodology

Parkland situated on the Birkdale foreshore (S257%46.0832", E 153° 19' 55.4224") in Redland City
Council, Queensland, was constructed using marimtfrom nearby offshore locations. The ECe of
the profile varies but samples taken from salirsddscproduced values of 109.41 and 115.54 mS/cm.
These take conversion factors into account, basddeopercentage clay in the soil (Slavich and
Petterson 1993).

These same samples yielded 5.2 and 23.2% ESPaimgj@ sodic soil. Although the former value is
reasonably low, in comparison to 15% which is tiadally used to indicate sodicity, the high cortten
and type of clay in the profile suggests increasausitivity to Na+ (Carrow and Duncan 1998). The
park construction resulted in marine clay sedimeapped by a red, volcanic Ferrosol.

7.2.1 Phase One

Phase one of the experiment consisted of a randdisgplit-plot trial design with five treatments
(including the control) and four replications (Ta@ll-2). The plot dimensions were 5 x 10 m with% x
m sub-plots. The primary treatments were the agpdio of cultivation machinery at various settings
with each plot split into the secondary treatmeft®pdressed or not topdressed.

Table 7-2 Treatments applied in phase one of the dempaction study.

Primary Treatment Secondary
Machinery Working Depth Treatment
Control N. A. Topdressed
Not topdressed
Terra Combi deep spiker 70-100 mm Topdressed
Not topdressed
Verti Drair® deep tine aerator 80 mm Topdressed
Not topdressed
Verti Drain® deep tine aerator 120 mm Topdressed
Not topdressed
Verti Drain® deep tine aerator 170 mm Topdressed
Not topdressed

The Terra Combi unit, equipped with a heaving ratad knives for deep spiking, consists of four
blades spaced equally around a rotating shatft, et set of blades offset to the adjacent sete(Pla
7-1). Each knife follows a twisting path as it exds outwards from the shatft, allowing the soil¢o b
slit and then have a lateral force exerted thrahgtprofile, creating fissures that result in irmsed
aeration. The blades are 200 mm in length and f&ed90° angle to the rotating shaft. The spacing
between sets of blades is 200 mm and the workidtjvaf the machine is 1.6 m.
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Plate 7-1 The e

rra Combi with deep spiking tools Plate 7-2 Verti Drain deep tine aerator
2 SO | . AL ¥k

The DTA utilises tines, held in pairs by tine hakl@late 7-2). In this investigation, solid tin860
mm long and with a 19 mm diameter, were used. Timeipal benefit of using a DTA is the
subsurface fracturing of the soil, which takes pldue to the orientation of the tines upon exithneg
soil. The tines enter the profile at approxima®@dy to the surface. The machine then travels fatyar
levering the distal end of the tine (and the sehihd it) rearwards, before the tine is lifted frtm

soil. This creates a fracturing of compacted saiswell as increasing the subsoil spaces for the
movement of oxygen, water and roots.

In this trial the DTA was set to pivot the tinesdiagh 80° before retraction. The ground penetration
spacing was 150 x 150 mm and this particular mbddla working width of 2.4 m. The DTA
treatments were distinguished by their differentkiray depths (see Table 7-2). The deep spiking and
DTA treatments were applied on 16 April 08 anddays after treatment approximately 7 mm of sand
was topdressed, in the relevant plots, using aspe#tader with two spinning discs.

Prior to execution of treatments (31 March 08)phits were assessed for surface hardness,
penetration resistance, soil bulk density, soilshwoie content and soil moisture infiltration. Th#er
was also assessed on 6 June 08 and 27 Augustl@8héit types of assessment, measurements
resumed on 1 May 08 and were repeated at 14 daywats until the conclusion of phase one (4
October 08).

Soil water infiltration was ascertained using twifiltration rings with external diameters of 90dan

250 mm. These were made of sections of dense, po)yirigation pipe, 140 mm in length with
graduations of 10 mm marked along the height ofrther surface. The bottom edge of each ring was
sharpened with an electric grinder to enable thgsrio be driven into the soil, approximately 10-20
mm, with the smaller inside the larger, in a comgemrrangement. Water was then poured into both
tubes and kept topped up throughout the measurgmeedss. As the water being poured reached the
top graduation on the inside of the smaller ringtagwatch was started and the time taken to move
between each mark was recorded. When the time fakémfiltration of 10 mm was consistent, this
was taken as an indication of the steady statkratfon rate of the soil. Seconds per 10 mm were
converted to mm per hour.

Surface hardness was assessed using a Clegg hawinar allows a 2.25 kg weight to be dropped
from a height of 45 cm, with deceleration of thégi¢ recorded as it impacts on the soil surface
(Clegg 1976). A hard surface will be associatedhaihigher deceleration value, than a soft surface.
The use protocol entails dropping the weight fames in the one spot and referencing the fourth
measurement as the Clegg impact value (CIV) fdrldwation. Australian standards for surfaces used
for sport state that CIVs of 7-9 are desirable v2hconstituting the upper ceiling of acceptable
(Chivers and Aldous 2003). A CIV of 20 or highedicates that a head injury sustained on such a
surface is twice as likely to result in a seriousitotrauma compared to those incurred on playing
fields with desirable CIVs.
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Penetration resistance is measured using a peretggrmwhich gives some indication of soil
compaction. A 1 kg mass is dropped from a heighit ¥, sliding down a metal rod and driving a 1
cnt flat steel tip into the ground. The depth of peaiin is observed in centimetres. The weight is
dropped 3 times in randomly assigned, differentspathin a sub-plot and the average of these
measurements is taken as the penetration resistahmefor that particular treatment and replicate.
The penetrometer is designed so that the forcaresjfor the steel rod to move through the pragle
related to the ability of oxygen, moisture and saot pervade the soil.

The greater the compaction of a sodic soil, thatgrethe soil bulk density. This relates to the

reduction of soil macro- and micropores that accamgs compaction of soils with excessive sodium
content. Bulk density of the soil at Birkdale wadetmined using plugs of soil, taken from the gbun
using a soil sampler. As the plugs were cylindnigih a diameter of 4.8 cm and a length of 15 cm,

the volume was calculated as 271.54 ¢(volume of a cylinder = x radius x length). All core

samples were dried in an oven at 65°C for 24 hdurs.dry weight, expressed in grams was then used
to calculate the bulk density (dry weight =+ volume)

The recording of soil moisture over time was impottfor the interpretation of data. It is a varebl
that is dependent on treatments (aeration changesure holding capacity through the improvement
of both moisture infiltration and drainage). lailso, however, an independent variable, sincditi
experiment was exposed to the elements. Monitariaigture changes associated with rainfall events
allowed other measurements to indicate the implaapplied moisture on soil hardness and other
parameters of compaction.

As core samples were being utilised for bulk dgnsdticulations, soil moisture was determined
gravimetrically, making use of the same soil sampieesh weight (FW) was measured for all
samples before drying and this was compared tdheveight (DW) to establish gravimetric soil
moisture (%), using the formula: ((FW — DW) / DWLRO.

7.2.2 Phase Two

A more aggressive approach to soil aeration waentakthe second phase of the research.
Concentrating on the capabilities of the mecharaeshtor shown in other studies to relieve
compaction most effectively (Shim and Carrow 1987@, DTA was tested at various depth and
subsoil rotation settings as well as for frequesicgpplication (see Table 7-3). A randomised
complete block design was employed, using fivettneats plus a control, with four replicates. The
plot dimensions were 10 x 5 m.

Table 7-3 Treatments included in phase two of theetompaction study.

Treatment Depth | Sub-Soil Rotation | No. of Applicatims
1 Control
2 80 mm 5° 1
3 120 mm 5° 1
4 120 mm 15° 1
5 200 mm 15° 1
6 200 mm 15° 2

The tine length, diameter and spacing were the santieat used in phase one. All treatments were
imposed on the relevant plots on 15 June 09. Trat consisted of a second application, which was
administered 7 days later. The second applicatias carried out in the same direction as the fist d

to plot size limitations. Results were measuredyeday, for 5 days, commencing on 16 June 09.
After this, weekly assessments were made, for ksydellowed by continued data collection at 6
week intervals.

Surface hardness (using a Clegg hammer), penetra&sistance (using a penetrometer), and soil

moisture infiltration (using infiltration rings) we used, as in phase one. Volumetric soil moisture
content was measured with frequency domain refteetoy using a ThetaProbe from Delta-T
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Devices, a probe that consists of 4 rods with skags for insertion into test media. A 100 MHz
signal is sent through the steel rods and impedsnoeasured to calculate moisture percent, by
volume, which is displayed on the attached logger.all types of assessment, with the exception of
moisture infiltration, sub-plot replication wasrotluced by taking 3 readings at random locations
within each plot.

7.2.3 Phase One

There is little significant difference between treants for all parameters investigated in phase one
(figures 7-1 to 7-10). In Figure 7-1 and 7-2 , dmilk density is highly variable, with a generairtd

of higher peak values when topdressed. This is@o@ance with higher specific gravity data fordsan
(1.602 g/cr) than for clay (1.073 g/cth All bulk densities observed (predominately < d/6n7) are
considered typical for a soil of this type.

There is also considerable fluctuation in the negslitaken by the Clegg hammer over time (Figures
7-3 and 7-4). They range from less than 5 CIV (@ése) to 17 CIV (unacceptable, with respect to
safe play of sport). Significant improvement tofaae hardness, relative to the control, can be seen
8 October 08. Only minor differences between topsied and non-topdressed sub-plots are apparent.
In figures 7-5 and 7-6 soil moisture content irsthnirrigated park appears to be unrelated to
cultivation treatments or topdressing. The peakesrecorded through winter are closely aligned
with the relatively high rainfall experienced im&u(118 mm) and July (121.6 mm). Some of the data
collection during this period occurred directlyaafsignificant rainfall events. Figure 7-5 and grew

a range of soil moisture content with minimum valtieat approximate wilting point for a clay loam
(12-15 %) and with maximum readings roughly indigabf field capacity for this soil type
(approximately 38 %).
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Penetration Resistance of Compacted Soil After Aera  tion Treatments with
Topdressing
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Figure 7-7 The effect of cultivation with topdressing on soipenetration resistance.
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Figure 7-8 The effect of cultivation without topdressing on soil penetration resistance.
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Soil water Infiltration in Compacted Soils that hav e been Aerated with

Topdressing
140
120
3 100
<
1S
£
> 801
=
°
=}
T 601
8 ~_
Q2
E 40
o ~
5 AN
T \.
20 A
0
Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08
‘—O—Control —=— Deep spiking Deep tine 80 mm Deep tine 170 mm —*— Deep tine 120 mm

Figure 7-9. The effect of cultivation with topdreseig on soil water infiltration.
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Figure 7-10. The effect of cultivation with topdresing on soil water infiltration.

Soil penetration (Figures 7-7 and 7-8) was genesdlallow in the early assessments with peaksdn th
latter half of the trial, from the 6th to the 2%thJune and also on the 25th of July. Data froni bot
topdressed and non-topdressed treatments prodimsia $rends. Results span approximately 2 cm
to 8 cm penetration, representing a spectrum ofpaated to well aerated soil condition.

Figures 7-9 and 7-10 illustrate treatment effectsail water infiltration. Significant differences
between cultivation and the control were only dit@@lmost five months after treatment. Moisture
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infiltration reached a maximum on 6 June 08 acatisseatments, although topdressing resulted in
higher values on this date.

7.2.4 Phase Two

Early assessments (up until 10 July 09) of soflasgr hardness reveal significantly lower Clegg
impact for some DTA treated soil than for contridtp (Figure 7-11). The DTA setting that reduced
surface hardness most consistently during thiogewias a working depth of 200 mm and subsurface
leverage of 15°. This treatment kept the CIV be®throughout these early stages.

Soil moisture (Figure 7-12) was relatively highidgrlate June and early July (30.2-37 %) before
dropping to a minimum for the trial duration indadugust (10-13.4 %). Final readings in late Octobe
increased to 18.8-21.6 %. This temporal trend ldreatments is related to local precipitation.
Reasonably high rainfall was experienced in Ju@@ (im) followed by a much drier July (7 mm)
and August (8.8 mm). Soil moisture then increasid icreasing rainfall, through September (23.9
mm) and October (57.7 mm).

Throughout the first four assessments the treatingatving two passes with the DTA rendered soll
moisture results that were significantly lower thilae control. On the third and fourth measurements,
depth settings of 200 mm and 120 mm respectivath(bt the maximum heave setting of 15°) were
associated with significantly higher moisture ttia@ control. No other differences were significant
with the exception of an increased soil moistureli¢acilitated by cultivation at 200 mm with 15°
heave on 26 August 09.

The penetration resistance (Figure 7-13) followggwlar qualitative trend to that of soil moisture,

over time. Penetration that is significantly diffat to that of the control can be observed in tiitel
stages of the trial in late June and early Julyar&from the effect (measured on 18 June 09) of
applying the DTA at 200 mm with 15° heave twicé sanificant results are associated with increased
penetration.
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The Effect of Deep Tine Aeration on Surface Hardnes s of a Recreational
Park
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Figure 7-12 The effect of deep tine aeration on $anoisture.
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The Effect of Deep Tine Aeration on the Penetration  Resistance of Soil in a
Recreational Park
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Figure 7-13 The effect of deep tine aeration on dgienetration resistance

The Effect of Deep Tine Aeration on Soil Water Infi  Itration in a Recreational
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Figure 7-14 The effect of deep tine aeration on ddiydraulic conductivity

DTA at 120 mm and 5° heave resulted in improvetmaietration on the 19th and 26th of June as
well as the 3rd of July. Increases can also be as@nresult of DTA application to a depth of 80 mm
with 5° subsoil rotation and to a depth of 200 mithw5° heave (26 June 09). With a soil working
depth of 120 mm and 15° heave, improved penetratemade possible on 26 June 09 and 03 July
09. With a maximum value of 3.4 cm reached, petietraesistance was considerably higher
throughout phase two than in phase one.
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With the exception of data recorded on 03 Julydllesults that were significantly different frahe
control constituted an improvement to soil moistafétration. Such increased infiltration included

the most extreme treatment, two passes with a B¥IA0s200 mm and 15° (17 June 09 and 26 August
09). A single pass with the same settings of 200anth15° also generated significant improvements,
on the 17 June 09, 10 July 09 and 22 October dter@ettings which resulted in positive, significan
outcomes were 120 mm, 15° (22 October 09), 120 %ir(1.0 July 09) and 80 mm, 5° (26 June 09).
Data obtained for phase two infiltration is extréyneriable, particularly in the early stages, when
high levels of rainfall were recorded. The maximualue is 1566.2 mm/hour while the minimum is
just 6.8 mm/hour.

7.3 Discussion

Throughout the experiment there was little sigaificdifference between the control and any given
treatment. Only the most aggressive practices egpliiring phase two appeared to facilitate some
short-term decrease in the soil compaction. Giteradequate documentation of DTA in improving
aeration in a range of soils, exposed to a numbeifferent compaction pressures (Shim and Carrow
1997; Aldous, James et al. 2001) it would appesairttie soil examined in this research is not
responsive to DTA.

The duplex soil of marine clay sediments, cappet wired Ferrosol, is sodic and highly saline. Soil
structure and drainage problems exacerbate sodiulchip and exposure of turfgrass roots to high
concentrations of salts. The defiance of this typié to compaction alleviation highlights the nésd
construction of a profile that functions well withspect to moisture infiltration and drainage al we
as oxygen transport and optimal root growth. Wisgrdemic soils do not posses these attributes,
suitable media should be imported. Although aderea these guidelines may be costly at the time
of construction, it will enable efficient maintertan high performance of turfgrass and ornamental
plants and sustainable amenity spaces that areeffestive in the long term.

As a means of contrasting the construction of tilaégite and a more deliberate construction of a
playing field, consider field one of Redlands Uditoccer club which was undergoing renovation
during the course of this experiment. As for manygrass areas devoted to sporting activities,
construction was with a sand profile, which has yradvantages for a moderately intensively
managed playing surface (Lodge and Baker 1993;<3ihi et al. 2001).

The Soil Moisture of Redlands United Field One Afte  r Deep Tine Aeration The Water Infiltration of Redlands United Field One  After Deep Tine
Aeration
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Figure 7-15 The effect of DTA on soil Figure 7-16 The effect of DTA on sail

moisture of a soccer playing field. water infiltration of a soccer playing field.
Observational data only
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The entire field was treated on 30 March 09 withiT& fitted with 275 mm long solid tines and set to
heave through an arc of 8° after insertion intogbiéand before retraction. Tines with a diamefer

12 mm were used with 65 mm spacing. The field veagssed for soil moisture and moisture
infiltration three days prior to treatment and tlagain at seven days and seventy-four days after
treatment. The results (Figures 7-15 and 7-16) wetalerived from a scientifically designed triaba
are strictly observational; however they illustrtite response to DTA that can be expected from a
well constructed profile.
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Different areas of the field displayed differingaotions, possibly due to the uneven nature of &edr
compaction, conveyed through game play and traidriilg. All areas, however, presented an
increased moisture holding capacity and infiltratrate of soil, seven days after cultivation. Th&d
collected suggests that ideally, such a field wdnddenovated every three months with a DTA. Due
to considerations of budget and pragmatism, théenmal may be longer in practice. Even with a
commercially viable frequency of application, th&Mcan usually ensure that most of the time, most
of the field contains soil that is well aerated.

In addition to the magnitude of the soil structyradblems, the data suggests that the soil mowitore
during the trial is highly variable. The inconsigt@ature of values expressed over time and tlagierr
relationship with those of other treatments coneuitis a high degree of variation between samples
and between sampling dates. This potentially erplauiggestions that may seem erroneous, such as a
decrease in soil aeration, following cultivatiotnelnumber of samples per plot, used in this study,
would need to be greater to accommodate a highilgble soil (Dunkerley 2002).

Although there was little significant differencetveen treatments, especially in phase one, clear
trends can be observed in the data, implying degreralon an extrinsic variable. Given the
relationship between precipitation events and trekp and troughs of certain parameters assessed, it
would seem plausible that rainfall is driving véioa in some of the relevant factors.

In phase one, soil moisture is displayed graphjicala bimodal peak (Figures 7-5 and 7-6) over the
winter months, which correlates well with winteimfall. No relationship is apparent between bulk
density (Figures 7-1 and 7-2) and soil moisturél. &oface hardness (Figures 7-3 and 7-4) however,
is minimal during maximum soil moisture and the gteation peak (Figures 7-7 and 7-8) coincides
with the maximal soil moisture value. This suggeistd a softening of the ground, during wet
conditions, reduces Clegg impact and allows a pemeiter to spear deeper into the soil. Figures 7-9
and 7-10 (soil water infiltration) also seem tayalwith the soil moisture graphs, although this is
rather simplistic, owing to limited data points.\Acorrelation between these two variables could
possibly be related to soil hydrophobicity, resinig infiltration when the profile is dry. This

condition could be alleviated by sufficient soakmagn, such as that experienced in the winter 6820

Results for phase two seem related to soil moistuaesimilar way. Surface hardness (Figure 7-§1) i
almost a mirror image of soil moisture (Figure -Xhd penetration resistance (Figure 7-13) follows
the soil moisture trend. It is difficult to compageil water infiltration (Figure 7-14) and soil nsture,
although the two appear inversely related, qualiit speaking. The magnitude of infiltration dé&a
not as important as the variation between treatsmairice infiltration is dependent on so many fiescto
(Dunkerley 2002). Low infiltration during period$ lgh soil moisture might be explained by the
large percentage of pores that are filled with watel impede further infiltration. Low internal
saturated hydraulic conductivity can limit the ratavhich further water is able to enter and move
through the soil.

There is some indication that topdressing aftetivatlon will aid aeration. Of all the aspects ofls
physical properties measured in phase one, onkydrrsity and water infiltration showed some sign
that topdressing made a difference. In the cadel&fdensity (Figures 7-1 and 7-2), the signifi¢gnt
higher peak value in early August, in responsepaltessing, may be an artefact of specific grasfity
the media, greater for sand than for clay. In Féguf-9 and 7-10, a notable increase in infiltratete
can be seen (06 June 08) through topdressing.

While phase one failed to divulge meaningful tretindd illustrate DTA effects, some significant
treatment differences can be observed in phaseTiase differences are generally seen within the
first 25 days after treatment with improvementatige to the control. After this initial stage thaare
less significant differences and soil moisture Ilpees the underlying influence on all treatmentsl Soi
surface hardness ascends to CIV as high as 1612 a@sofile dries out, reflecting a soil statettisa
deemed unacceptable regarding the safe playingoot.s
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The treatment most evident in significantly imprayisoil structure was cultivation at 200 mm with

15° of heave. This application, the deepest wighgteatest arc of subsoil tine movement, compared t
all other treatments in both phase one and two,ongsable to elicit relatively minor changes ralat

to the control. This is testament to the difficiltymanaging this soil type. The treatment desigoned

be the most aggressive (depth of 200 mm with 1%feafre and two passes) appears to mainly have a
negative impact on soil aeration, where it is digantly different from the control. It is possittieat
driving over the plots with a tractor and cultiaatiimplement significantly affects compaction ahe t
effect of two passes is counterproductive to aanati

As discussed, the longevity of any benefits deriveth the treatments does not exceed 25 days.
Theoretically, a program of monthly DTA applicatsowould be needed to sustain ideal soil condition.
Apart from economic and time consumption disadvgedaoverly frequent DTA treatment can
contribute to decline of fine root mass and hedaérticularly in heavy soils (Aldous et al. 200Due

to the limited gain afforded by the DTA in this kland, currently administered annually, the overall
advantage of the exercise should be questioned.

The importance of a well considered constructianbeen emphasised. For existing amenity areas
with poor soil structure, reconstruction may beoption. Although such extremes may seem cost
prohibitive, the initial expenditure must be comgzhto ongoing costs, with an acknowledgement of
both tangible expenses (e.g. maintenance cost®saidric yet important considerations (e.g. the
value of health, happiness and lifestyle).

Soil amendments that contain exchangeable calctugn gypsum) are another means of alleviating
compaction. Calcium can replace sodium in the [@rafnd improve soil structure. The importance of
soil moisture has also been highlighted as anénfte of soil strength and infiltration. Irrigatien
another option for such sites where the abilitfiush salts below the root zone is important.
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8 Soil Fertility.

8.1 Introduction

Fertiliser maintenance programs in public open afae often ad hoc, and in some cases virtually
non-existent. They tend to be driven by budgetanstraints rather than by plant needs. For turf as
with any grass, the main nutritional requirementiisogen (N). With regard to their N requirements,
however, not all grasses are created equal: soetéesp(e.g. blue coucBigitaria didactyla]) will
persist better than others (e.g. green couch) Uodesoil N. Because of their ready availability
commercially, green couch and kikuyu are widelynpdd as turf grasses, and anecdotal evidence
suggests that many of the varieties currently atségl are ‘high N’ types, and that alternative geass
(principally seashore paspalum at this stage) naghte with significantly lower N fertiliser
requirements. A long-term replicated split-plot exment looking at the effect of six fertiliser N
treatments (0-400 kg N/ha/year) on six represesgtdtirf grasses (kikuyu, seashore paspalum, buffalo
grass, blue couch, and two green couches) waatedtunder TU02005. With dry matter sampled
fortnightly through much of the year, this wasiadur-intensive activity that justified trialling ane
central site, providing a good guide to the requiats of different turf grasses in other environtsen
where fertilisation practices are already well bstied for the older industry standards of kikuyu
and/or green couch.

Fertiliser trials in this project determined plaleimand for nitrogen (N) (the most substantial elgme
in any turf grass fertiliser program) to speciesleThis work produced data that can be used as a
guide when fertilising, in order to produce optirgabwth and quality in the major turf grass species
used in public parkland. In conducting this trialvas recognised that optimum level is also rel&bed
use and intensity of use, with high profile weledgarks requiring higher maintenance N than low
profile parks where maintaining botanical compositat a lower level of turf quality might be
acceptable, indeed desirable in order to minimise/img requirements. .

As green couchGQynodon dactylon) constitutes the most widely used amenity turbgrand because
the species comprises significant physiologicaédiity, two cultivars from this taxon were examined
‘Wintergreen’ was used to represent one of the rmostmonly utilised green couches and
‘FLoraTeX’ was included due to reports that it ilapted to growth with lower inputs than many other
green couches(Dudeck 1994). The objective of thdystvas not only to provide guidelines for
fertiliser applications but also to aid selectidriuwf grasses by highlighting those with compavelty
lower nutrient demand, which are more cost-effegtwith regards to fertilisation.

8.2 Methods

The experiment, initiated under TU02005 at Redlamals monitored for a further 8 months to
document the continuing rundown in turf quality ameked ingress in sub-optimal fertiliser treatments.
The experiment took place on Redlands Researcioisté&leveland, (27°32’S, 153°15'E),
Queensland, on an infertile yellow Kurosol, whidmenonly supports turf grass growth in south-east
Queensland. The commencement (planting) of thiewda in June 2003, during previous project
TUO02005 “Amenity Grasses for Salt-Affected Park€wastal Australia”. The early initiation of this
work ensured that long-term effects could be mesband reported in the current project.

A split-plot trial design was employed with 6 mailots representing the species / cultivar factbe T
two previously-mentione@ynodon dactylon cultivars were included along with ‘Aussiblue’
(Digitaria didactyla), ‘Sea Isle 1’ Paspalum vaginatum), the male-sterile common type of kikuyu
(Pennisetum clandestinum) and ‘Sir Walter’ &enotaphrum secundatum).
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The sub-plots contained the 6 N treatments (rdt@s %0, 100, 200, 300 and 400 kg N/ha/year)
administered as urea as 5 split treatments of equalints, applied at the beginning of September,
November, January, March and May. Other requireenaiments, such as lime and industry-standard
quantities and timing of phosphorus and potassiene also applied, along with pesticides,
irrigation, mowing and cultural practices condudi@durf grass growth typical of an amenity space.
All treatment combinations were replicated fourgsn

Initially, a 25 kg N/ha/yr treatment was includédt after 6 months it was apparent that this rate w
going to contribute little if any useful informatiat the lower end of the scale and so was chamged
5 January 2006 to 300 kg N/ha/yr (as listed abtav@yovide more detail on optimum N requirements
towards the upper end of the scale of N rates used.

The grass plots were planted from rooted sprig8 dmne 2003 with oxidiazon (Ronstar®) applied at
150 kg/ha, and allowed to grow in as full swardsrdu2003/04. The original Sea Isle 1 plots were
removed by turf cutter on 8 January 2004 becauserdtimination byynodon dactylon, and were
replaced with full sod of the same variety. Othetpwere hand-weeded, spot-sprayed with
glyphosate, or sprayed with atrazine (Kikuyu), DSKA.oraTeX, Wintergreen) or fluazifop
(Aussiblue) to remove less serious contaminationthgr grass species to give uniform weed-free
plots by January 2005.

Fertiliser N treatments were imposed on 25 JanR@®p and experimental methodology and
management trialled before commencing to take aoord dry matter samples on 5 July 2005.
Maintenance P was applied annually in Septemb25@&kg/ha of superphosphate, and K (150
kg/halyr) applied twice a year at 75 kg/ha of psita®s chloride in September and March. Lime was
applied annually (based on soil test results) totaan soil pH at 6.0-6.5. Soil samples were taken
across the experimental area on 10 September 2@D#am each N treatment on 30 August 2005.
The experiment was irrigated as required to avaiistare stress. Commencing on 17 January 2006,
temperatures were recorded at hourly intervals Witbrmocron Temperature Loggers located 1.5 m
above ground and 10 cm below the ground surface.

Plots were mown with a standard domestic rotary eraat either 60 mm (Kikuyu, Sir Walter), or 30
mm (FLoraTeX, Wintergreen, Aussiblue, Sea IsleMdwing frequency was weekly from September
to March, reducing to fortnightly mowing from Apttd August.

Before every second mowing, clippings were colléétem a 1.0 rharea of each sub-plot using the
same mower set at the same height. Ratings arenalde of turf quality, density and colour on a 0-9
scale (O=bare soil, 9=best), and per cent weedrdo@ach sub-plot. The samples of clippings are
dried at about 70°C and weighed to determine drgeanproduction. Dry matter production for each
sub-plot was calculated through removal of legigiligs, using a mower over a unit area, on a regula
basis, with subsequent drying of leaf material525for 24 hours and then weighing. Sub-plots were
also rated for quality parameters routinely. Dagmenanalysed using Genstat {Edition).

Following a recommendation from TU02005, a furtimmestigation was carried out in collaboration
with HAL project TU04013, in which uneven fertilisapplications were compared to equal amounts,
applied at two monthly intervals to 12 buffalo grasiltivars §enotaphrum secundatum). The full
methodology and results for this project have breported (Duff, Loch et al. 2009); however,
reference is made to the results in the discussion.

8.3 Results and discussion

Data for turf quality; density; colour ratings; pmmt weed cover; weekly dry matter production and
finally, annual dry matter production are preseritgdAussiblue in Figures 8-1 to 8-6, with each
cultivar investigated grouped accordingly in thesequent figures. This data is tabularised in Becti
16.7 (Appendix C-1).
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During the growing season, quality, density andgpblatings and dry matter production tended to
rise after each fertiliser N application, and tlkecline towards the end of the two month period
approaching the next fertiliser application datev@&mber application highlighted for reference ia th
graphs). Fluctuations in the quality, density aalbar of the control treatment follow a similar
pattern, indicating a seasonal effect operatirggidition to nitrogen availability. This is partiaaly
noticeable for FLoraTeX (Figures 8-7, 8-8 and &)l Sea Isle 2000 (Figures 8-19, 8-20 and 8-21),
while Sir Walter shows more stable quality, denaitig colour ratings for the control treatment of O
Kg N/Ha (Figures 8-25, 8-26 and 8-27). The qualignsity and colour responses of both Kikuyu and
Wintergreen to seasonal influences, in the absehi#grogen, are intermediate (Figures 8-13 to 8-15
and 8-31 to 8-33 respectively).

The dry matter production from each weekly or figttly mowing also rose from about late
September through to April, although there wereaa@mt troughs through midsummer. This reflects
the rise and fall of temperatures during the grgweaason, with seasonal peaks in spring and autumn,
more often seen in cool season turfgrasses (MilldrFrank 2006). The trough through mid summer
was more pronounced for all treatments of Sir WdRegure 8-29). However, considering only the
control treatment, the other turfgrass cultivarsvedd growth patterns typical of warm season grasses
with a midsummer peak (Millar and Frank 2006), #llmever than those receiving nitrogen
applications. The summer decline following thet8aper and March peaks suggests the availability
of nitrogen was declining through the peak growsegson, limiting dry matter production during this
period. Kikuyu displayed less contrast betweerpéek of vegetative growth in spring/summer and
the dormancy of winter, relative to the other wareason grasses examined. This is associated with
better growth rates in early spring and autumn Coul Mulder 1984) which is reflective of the
species’ origin in the mild tropical highlands afséern and central Africa.

Increased growth at higher N rates during springfiected in differences in the proportions oftot
annual dry matter produced from July through toddelger as opposed to the following 6 month
period (Figure 8-6, 8-12, 8-18, 8-24, 8-30 and 8-86r example, the control treatment (0 kg N/Ha)
for Aussiblue produced 74% of its total annual piicbn in the period from Jan to July while the
highest N treatment only produced 45% of its andmaimatter production during the same period
(Figure 8-6). This difference was also apparenKi@uyu and Sea Isle 2000 but was less clearly
defined in Sir Walter, Wintergreen and FLoraTeX.

The concept of increased nitrogen requirementiferspring growth flush was investigated as a
component of TU04013, although results presentdiddtiinal report (Duff, Loch et al. 2009) were
inconclusive. Some cultivars 8fenotaphrum secundatum were shown to benefit from higher rates of
N in spring and lower rates going into the winterrdancy, while others continued to show the same
seasonal growth pattern as displayed here irragpeaftthe N regime.
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Aussiblue quality ratings
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Figure 8-1. Quality ratings for Aussiblue under
varying nitrogen application rates.
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Figure 8-3. Colour ratings for Aussiblue under
varying nitrogen application rates.
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Figure 8-5. Weekly growth (dry matter
production) of Aussiblue under varying
nitrogen application rates.
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Figure 8-2. Density ratings for Aussiblue under
varying nitrogen application rates.

No weed invasion into Aussiblue
observed for duration of trial

Figure 8-4. Estimated percentage cover of
weeds in plots of Aussiblue under varying
nitrogen application rates.
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Figure 8-6. Annual dry matter production of
Aussiblue grown under varying nitrogen
application rates.

81



FLoraTeX quality ratings FLoraTeX density ratings
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Figure 8-7. Quality ratings for FLoraTeX Figure 8-8. Density ratings for FLoraTeX
under varying nltrogen appllcatlon rates. under Varying nitrogen application rates.
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Figure 8-9. Colour ratings for FLoraTeX Figure 8-10. Estimated percentage cover of
under varying nitrogen application rates. weeds in plots of FLoraTeX under varying
nitrogen application rates.
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Figure 8-11. Weekly growth (dry matter 0 50 100 200 300 400
. . Fertiliser N (kg N/ha/year)
production) of FLoraTeX under varying
nitrogen application rates. Figure 8-12. Annual dry matter production of

FLoraTeX grown under varying nitrogen
application rates.

82



Kikuyu quality ratings Kikuyu density ratings
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Figure 8-13. Quality ratings for Kikuyu under  Figure 8-14. Density ratings for Kikuyu under
varying nltrogen appllcatlon rates. varying nitrogen application rates.
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Figure 8-15. Colour ratings for Kikuyu under  Figure 8-16. Estimated percentage cover of
varying nitrogen application rates. weeds in plots of Kikuyu under varying
nitrogen application rates.
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Figure 8-17. Weekly growth (dry matter 0 50 100 200 300 400
production) of Kikuyu under varying nitrogen Fertiliser N (kg N/ha/year)
application rates. Figure 8-18. Annual dry matter production of

Kikuyu grown under varying nitrogen
application rates.
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Sea Isle 2000 quality ratings

i
5]

Quality rating
O P N W H» OO O N OO

2-Jul-06 21-Aug-06  10-Oct-06 ~ 29-Nov-06  18-Jan-07  9-Mar-07

Figure 8-19. Quiality ratings for Sea Isle 2000

under varying nitrogen application rates.
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Figure 8-21. Colour ratings for Sea Isle 2000
under varying nitrogen application rates.
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Figure 8-23. Weekly growth (dry matter
production) of Sea Isle 2000 under varying
nitrogen application rates.
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Figure 8-20. Density ratings for Sea Isle 2000
under varying nitrogen application rates.
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Figure 8-22. Estimated percentage cover of
weeds in plots of Sea Isle 2000 under varying
nitrogen application rates.
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Figure 8-24. Annual dry matter production of
Sea Isle 2000 grown under varying nitrogen
application rates.
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Sir Walter quality ratings Sir Walter density ratings
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Figure 8-25. Quiality ratings for Sir Walter Figure 8-26. Density ratings for Sir Walter
under varying nitrogen application rates. under varying nitrogen application rates.
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Figure 8-27. Colour ratings for Sir Walter
under varying nitrogen application rates.
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Figure 8-28. Estimated percentage cover of
weeds in plots of Sir Walter under varying
nitrogen application rates.
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Figure 8-29. Weekly growth (dry matter 0
. . . 0 50 100 200 300 400
production) of Sir Walter under varying Fertiliser N (kg N/halyear)

hitrogen application rates. Figure 8-30. Annual dry matter production of

Sir Walter grown under varying nitrogen
application rates.
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Wintergreen quality ratings Wintergreen density ratings
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Figure 8-31. Quality ratings for Wintergreen  Figure 8-32. Density ratings for Wintergreen
under varying nitrogen application rates. under varying nitrogen application rates.
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Figure 8-33. Colour ratings for Wintergreen Figure 8-34. Estimated percentage cover of
under varying nitrogen application rates. weeds in plots of Wintergreen under varying

nitrogen application rates.
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Figure 8-35. Weekly growth (dry matter 0 50 100 200 300 400
production) of Wintergreen under varying Fertiiser N (kg N/halyear)
nitrogen application rates. Figure 8-36. Annual dry matter production of

Wintergreen grown under varying nitrogen
application rates.
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8.4 Conclusion

Kikuyu seemed to required the greatest N input {800 kg N/hal/year), which may be related to its
natural distribution, as it is often found on fertivolcanic soils. The green couch cultivars werend
to be the next most demanding, in terms of N udhofigh a range of N requirements @modon
dactylon have been discussed in the literature, both ‘Wiméezn’ and ‘FLoraTeX’' were found to
display a similar growth response to N, requiripgraximately 300 kg N/ha/year for optimal
condition and growth.

‘Sir Walter’ and ‘Sea Isle 1’ can be considered sratkly responsive to N applications, benefitting
from approximately 200 kg N/halyear. ‘Aussibludthaugh responsive to higher rates of N
application, maintained optimal growth and quadityi00-200 kg N/ha/year.

Although this experiment aimed to determine theetjuirement of parkland in south east Queensland,
subject to high profile use and with the objectif¥eninimising mowing operations, it must be
recognised that other factors will influence ideapplication, such as local climate, soil typgeay

and intensity of use as well as management practicappears that N requirements are cultivar
specific suggesting that values presented herddghbewsed as a guide only, with further fine tgnin
determined through site specific experiences.

As a guide for fertilising turf grass that is oftieund in saline, coastal areas or on parklangsing
recycled water, this information will be combinedhwresults from other aspects of the project to
produce a holistic document to designate best neanant practices (BMPs) for salt-affected amenity
areas.
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9 Salinity Measurement.

9.1 Introduction

Turfgrass managers responsible for areas prorattaccumulation, require a method of monitoring
salinity. While laboratory analysis of soil sampls a range of physical and chemical attribui®s,
recommended annually, an alternative methodologgdi salinity measurement on a more frequent
basis would be ideal.

The usual practice of sampling a number of timé#) a pattern that represents the “average sod” is
useful technique for pragmatic administration oéasonably large area. However, this does not allow
for more intensive management of smaller areasnhatant individual treatment (e.g. a low-lying

area that has higher water content than its sud®ona tract of sandy soil that drains freely)e Th

cost of such soil testing often limits its use.Slnitation can be compounded by a lack of
understanding of the potential return on investméné sample collection process can be relatively
time and labour intensive and the turnaround tiomnesbme laboratories is not conducive to precision
management that seeks to rectify problems as ttey. a

The objective of this study was to ascertain whesiegentific instruments could offer instant, pseci
measurement of soil salinity in the field. Suchratrument should be usable for assessment at a
single point or over a larger expanse through amegsa number of readings. A device that is easy to
use with only a single purchase cost could enabdage of different turfgrass managers to make
well-informed decisions regarding salinity managat@part from routine evaluations, more specific
tasks could be executed, such as checking satifiity irrigation with recycled water and measuring
soil salt content before and after a flushing atign.

Ultimately, equipment has been appraised for itéyabo enhance the best management practices of
those responsible for the care of saline amenigeap

9.2 Methodology

Two devices that are distributed by reputable sifieimstrument companies were chosen. The
HI98331 direct soil conductivity and temperatureenevas purchased from Hanna Instruments and
the 2265FS FieldScout direct soil EC meter washmsed from Spectrum Technologies,
Incorporated. Both meters were calibrated with @021S/cm standard solution.

The Hanna meter consists of a plastic housing®3ong. It features a liquid crystal display (LCD)
that presents conductivity within the range of @100 mS/cm with a resolution of 0.01 mS/cm. It
requires the HI73331 direct soil conductivity peagbn probe (150 mm long) to be attached and
pushed into soil (or any growing medium) in ordetake measurements.

The FieldScout unitis 125 mm long with a largem,@vhich displays conductivity and temperature
data simultaneously. Its EC range is 0-19.99 mSigtima resolution of 0.01 mS/cm. The meter is
supplied with a probe (200 mm long) that is attactuethe meter by a cable.

Four locations were chosen for measuring EC, reptag) a range of soil types. Birkdale contains the
heaviest soil, a clay loam. Raby Bay’s and Jac@fedl’s soils are both sandy clay loams and the
profile at Surfer’'s Paradise is a sand. Salinitg weeasured with each probe being inserted 60 mm
into the soil and as close to each other as passiboil sampling probe with an internal diameter

50 mm was then used to extract a core sampleahaived the soil tested by both devices, to the
same depth. This procedure (Plate 9-1) was perfibAfdimes at each of the sites, using the same
pattern of sampling across the field, to obtaieteo$ data that is representative of each soil.
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Plate 9-1. Hanna probe being inserted into the soil Plate 9-2. FieldScout probe being inserted into the
prior to salinity measurement. soil prior to salinity measurement.

Plate 9-3. Colecting soil core samle for laboraty  Plate 9-4. Soil core ready for transport to
t of soil salinity. laboratory for analysis

‘. : .’ \ "‘.

All soil samples were taken to a laboratory fothier processing. After crushing to fine powder veith
mortar and pestle and then sieving through a 2136mesh screen, each sample was mixed with
distilled water in a 1:5 soil:water ratio, by weighgitated for 30 seconds and then left for agqueoif

at least one hour for equilibration of the salt®tighout the solution. This technique is a widely-
recognised means of determining soil salinity usingepared solution EC (Rayment and Higginson
1992). The solutions were shaken vigorously for $&oonds before insertion of a TPS temperature
and conductivity sensor (part number 122230) aterdenation of the soil salinity with a TPS
smartCHEM-LAB laboratory analyser (part number 1261

EC values obtained in the laboratory could thendrapared to those given by each of the salinity
meters. Graphic correlations were produced usimglsi linear regression with coefficients of
determination (B used to comment on the accuracy of both instrisneelative to standard
laboratory verification.

9.3 Resaults

Overall, both meters produced data that correlptealy with the laboratory results (Figures 9-1 and
9-2) when measurements from all sites were includbd coefficients of determination were 0.5754
and 0.6255 for the Hanna and FieldScout equipnespectively.

When individual sites were considered in isolatlomyever, different results were obtained (Figures
9-3 to 9-10). The best fit to a linear equatiomatching laboratory data was with FieldScout
measurements taken at Birkdale. This was followethb Hanna readings taken at the same location.
A summary of R2 values, by location, is given irblEa9-1.
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Table 9-1 Coefficients of determination (R values) for correlations between salinity measureents
derived from soil solution assessment and from salty meters used in the field. Data is listed by lmation.

Location Salinity Meter R*
Birkdale Hanna 0.8099
FieldScout 0.8440
Jacob’s Well Hanna 0.0460
FieldScout 0.3922
Raby Bay Hanna 0.4034
FieldScout 0.5637
Surfer's Paradise Hanna 0.2388
FieldScout 0.1879

Correlation of Hanna Salinity Probe Measurements wi  th Laboratory Assessment of a 1:5 Slurry
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Figure 9-1 Overall linear regression using data fr;m the Hanna meter paired with laboratory
data.
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Correlation of FieldScout Salinity Probe Measuremen  ts with Laboratory Assessment of a 1:5 Slurry
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Figure 9-2 Overall linear regression using data framn the FieldScout meter paired with laboratory data.
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Figure 9-3. Correlation between laboratory-determired salinity of Birkdale soil and that derived fromthe
Hanna meter and probe.
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Correlation of FieldScout Salinity Probe Measuremen  ts with Laboratory Assessment of a 1:5 Slurry
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Figure 9-4. Correlation between laboratory-determired salinity of Birkdale soil and that derived fromthe
FieldScout meter and probe.
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Figure 9-5. Correlation between laboratory-determired salinity of Jacob’s Well soil and that derivedrfom
the Hanna meter and probe.
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Correlation of FieldScout Salinity Probe Measuremen  ts with Laboratory Assessment of a 1:5 Slurry
(Jacob's Well)
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Figure 9-6. Correlation between laboratory-determired salinity of Jacob’s Well soil and that derivedrfom
the FieldScout meter and probe.

Correlation of Hanna Salinity Probe Measurements wi  th Laboratory Assessment of a 1:5 Slurry
(Raby Bay)
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Figure 9-7 Correlation between laboratory-determinel salinity of Raby Bay soil and that derived from he
Hanna meter and probe
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Correlation of FieldScout Salinity Probe Measuremen  ts with Laboratory Assessment of a 1:5 Slurry
(Raby Bay)
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Figure 9-8. Correlation between laboratory-determired salinity of Raby Bay soil and that derived from
the FieldScout meter and probe.
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(Surfer's Paradise)
0.9
0.8 .
.

0.7
. 0.6
€
S
%) *
E 051
8 *
[
kel
>
o
©
o
§ .

y = 1.0628x + 0.1889
R?=0.2388
0 : : : : : :
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Field probe data (mS/cm)

Figure 9-9. Correlation between laboratory-determired salinity of Surfer's Paradise soil and that dered
from the Hanna meter and probe.
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Correlation of FieldScout Salinity Probe Measuremen  ts with Laboratory Assessment of a 1:5 Slurry
(Surfer's Paradise)
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Figure 9-10 Correlation between laboratory-determired salinity of Surfer's Paradise soil and that deried
from the FieldScout meter and probe.

9.4 Discussion

Overall correlation between field data and the ealabtained through proven laboratory methodology
for salinity determination was less than ideal (ifgg 9-1 and 9-2). Upon inspection of results by
location (Figures 9-3 to 9-10), it would appeatt thextain factors, which vary between sites, infice

the accuracy of both meters. The soil with the égjltlay content (Birkdale, Figures 9-3 and 9-4)
afforded the best correlation with laboratory resurhis may be due to any number of soil attribute
associated with soil type, such as calcium contaagnesium content, soil moisture and depth to
underlying clay (Hartsock, Mueller et al. 2000).

Moisture content, with a potentially high variatibaetween sites, is hypothesised to be respongible f

a large proportion of varying accuracy of salimitgters. Manufacturers of the FieldScout unit even
stipulate that soil moisture content should ndiedibetween readings and suggest that measurements
are always taken 30-60 minutes after an irrigagieent. This limits the use of this technology,
especially for managers of unirrigated green space.

The general summary of this investigation is thether meter tested is satisfactory for use in park
other amenity spaces where irrigation and soil Bqgenot consistent. Although such equipment may
coarsely indicate trends of increasing or decrggsatinity, they do not necessarily give an aceurat
account of EC, which is needed for comparison idejine values. Such instruments need to work
reliably, independently of soil type. Poor performoa in sandy profiles, such as that at Surfer’s
Paradise (Figures 9-9 and 9-10) is concerning,idengg that soil profiles constructed specifically
for turfgrass growth often utilise a sand or sarixtune medium.

In every case, except for measurements taken &rSupParadise, the FieldScout meter generated data
that matched laboratory values more closely tharH&nna unit’s output. This information is

somewhat academic, however, given that the sodl &ffect was considerably larger than meter type
effect.

To fit the available suite of turfgrasses (eachwlifferent levels of salt tolerance and otheilates)
into different sites according to their capabistieurf managers need simple, yet relatively cheap,
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instrumentation to be able to reach immediate dwtdson-site without first having to send soil
samples away to a dedicated soil analytical laboyat

The range of inexpensive salinity measuring devie@screasing. The aim is to determine their
effectiveness and accuracy (by correlating measeméswith those by known accurate standard
instruments) as possible field aids, in particuaiCouncil staff unsure as to whether field profde
on a particular site are related to salinity ootioer soil parameters.
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10 Integration and Demonstration of Best Management Ractices
(BMPs).

10.1 I ntroduction

Construction and maintenance of sporting fields pamttlands have often been considered in isolation
of one another. The initial cost savings of cheapstruction can be quickly eroded by higher
maintenance expenses, which recur into the fultris. has been exacerbated by a lack of detailed
construction protocols for park development. Chpsidelines for the construction of coastal parks,
can minimise or even eliminate the additional exeenf follow-up remediation and problem
management. Rather than a single problem, theny@ically a number of issues that contribute to
poor, and often patchy, grass growth in salt affiéetreas—the mark of an unsatisfactory project
outcome.

This project has approached the overall problepoof quality coastal parkland in a structured step-
wise manner. Rather than a single problem, theréypically a number of issues that contributehto t
overall unsatisfactory outcome of poor, and oftatchy, grass growth. Through the detailed work
reported in Chapters Il to VII, individual issuesvi been assessed and management strategies
developed for each specific problem. These indaidtrategies have been integrated on a larges scal
in salt-affected parks as the final stage of prgthre technology developed through this the previou
project

A set of guidelines has been prepared to providews options from the construction and
establishment of new grounds through to remediaifa@xisting parklands by supporting the growth

of endemic grasses. They are also mindful of btzadgeonstraints. They describe a best management
process through which salt affected sites shoulddsessed, remediated and managed. These
guidelines will be readily available to councilediuded in draft format here at Appendix D-1). The
overall theme is a holistic approach to turfgragtal@dishment and management, including the
following process steps:

A. Site assessment: visual assessment and soil testing

B. Site preparation: provision of irrigation; subs@mediation and/or amendment (physical
and/or chemical); ensuring good quality and quamtitopsoil as underlay and if needed
provision made for leaching of salts on a reguisif

C. Choice of establishment method: full sod versuggprg taking into account time frames for
use of the site.

D. On going maintenance

The results of the individual segmental experimesitadies were integrated through a systems
approach in which turf was established, managedemeédiated on larger demonstration areas based
on best management practices (BMP’s). As suchctiapter is not based upon scientific trial work
with statistical analysis of treatment differenc&ather, it is presented, again as a series ef cas
studies.
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10.1.1 Case Study 1: Queens Esplanade Birkdale.
10.1.1.1 Introduction

A 0.2 ha demonstration planting Béspalum vaginatum as full sod was made on part of the Queen’s
Esplanade Park at Birkdale in February 2004, umtd€2005. This site was continually monitored for
the duration of this project, and was used to assesntenance operations such as de-compaction, as
discussed previously.

10.1.1.2 Best management practices

A. Site assessment and description

Queens Esplanade, Birkdale (27° 88’ S, 153° 1240" E) is a site that was previously investigated
under TUO2005. This site is a coastal park fraptiviaterloo Bay, bordered by Mangroves, endemic
halophytic grasses, succulents and mangrovesxX#mgle,Sporobolus virginicus, Crithmum

maritimum, Avicennia marina and, Aeyiceras cornicultum). The site is underlain by compacted marine
mud and was both strongly acid (pH 3.3-4.7 surfac@4.4 subsoil) and saline (EZ.8-41.1 dS/m
surface, 4.2-46.7 dS/m subsoil). The soil proBleansidered man-made in that the marine sediments
were deposited during canal development. By cuestralian Soil Classification this soil is
considered to be a ‘Dredgic Anthroposol’ which coisgs soils formed or forming on mineral
materials dredged by human action from the seaher evaterways, or deposited as slurry from
mining operations. The dredged materials commootubas a lithologically distinctive unit

overlying buried soil surfaces, and are frequefttlynd in urban coastal areas (Isbell 2002).

Existing site problems were identified to be:

» Challenging soil conditions (especially high sayirand/or sodicity, compaction, poor internal
and surface drainage, acid sulphate);

» Poor choice of turfgrass species/cultivars (e.ghfghly or moderately saline areas, sections
subjected to heavy wear from foot traffic);

« Difficult establishment (e.g. into a compacted higlay profile, particularly in man-made
profiles, without amendment or subsurface cultivatj and

* Inadequate management and maintenance procedas dqf fertiliser, irrigation, weed
control)

B. Site preparation

The major site preparation focussed on improvirgsil fertility and structure, through both phydic
processes and chemical amendments. Prior to rallibdull sod, the ground was sliced to relieve
compaction, gypsum applied to improve soil struetamd Ca status, and sandy loam laid (up to 5 cm
deep) to provide a level surface for laying thé. tRegular leaching irrigation was applied to flush
salts below the root zone. The maintenance progralmded annual slicing, soil amendment and
topdressing, plus regular fertiliser applications.

C. Establishment

Full sod ofPaspalum vaginatum (Sea Isle 1) was planted to a 0.2 hectare arEabruary 2004. In
December 2004, a further 0.8 haPoivaginatum sod was laid to extend this initial planting. diation
difficulties slowed the establishment process whthP. vaginatum sod taking approximately 2-3
months to develop a strong rhizome and root systémrthe soil below before becoming properly
established. This was longer than would normallgxmected fronC. dactylon or D. didactyla, and
needs to be factored ingstablishment protocols fé: vaginatum sod. A seeding trial also conducted
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under TUO2005 at this site (December 2004) gave aplatchy and inadequate strike (Loch et al.
2006).

The specie®aspalum vaginatum was identified as a halophytic turfgrass, capablgrowing and

thriving on much higher levels of salt approachimgqualling that of seawater (Loch and Lees 2001).
The cultivar Sea Isle 1 was released from Austaiiaarantine in mid-2001 and has been
commercially available in Australia since 2002/@8eference was given to Sea Isle 1 due to the
lower rate of inflorescence (flower) productiorahalternate cultivars of the same species, Veleete
and Saltene (Loch et al. 2006).

D. Maintenance

The Redland City Council adheres to an annual pragef cultivation, amendment addition, top-
dressing, fertilisation and weed-management, athedoest management practices derived through
TUO02005. De-compaction is typically achieved withic tine coring using a tine diameter of 25mm
and a depth of 75-150mm, depending on soil phygiagerties. Soil testing is carried out annuafly o
sports fields and biennially on parks and formslthgis for determining the annual requirements for
gypsum, lime, fertiliser and organic material.

Gypsum is applied at 1-2 t/ha and organic matteupplied in the form of manure fines with a
relatively low odour, suitable for residential s8e&and is top-dressed to a depth of 7mm. Broadleaf
weeds (mainly clover) are controlled, at selectags ©nly, with a mixture of dicamba and MCPA
herbicides and wire grass is eradicated using glyate, administered through a wick wiper unit. This
herbicide regime is not included in the maintenaswteedule at Queens Esplanade, Birkdale, as
preference is given to maintaining cover, regasdtdsspecies. The use of insecticides is not féasib
due to the broad and continuous usage of the paikomment.

Water restrictions were implemented across the(aityl south-east Queensland) in October 2005
preventing Redland City Council from using waterpamkland. This prevented them employing two
of the best management practices for salt-tolageadses: frequent irrigation during the establigitme
phase and regular leaching of salts below thezooé. Despite these problems, the previously
established grasses were sufficiently well advarfieethem to survive with limited applications of
recycled water from a water truck and good Novemaigs.

10.1.1.3 Monitoring

Visual monitoring, in addition to that reportedtire final report for TU02005 (Loch et al. 2006) was
carried out on 29 February 2008, 27 March 20092&nilarch 2010. In addition to visual
assessments, the site was assessed for greenddswrdimess, using the turf colour meter and the
Clegg impact hammer respectively, on 27 March 200@. turf colour meter measured red light and
near infra-red light reflected from plant tissuweg tatio of which is termed the normalised diffe®n
vegetative index (NDVI). This value, between 0 dndorrelates with visual rating systems that
estimate turfgrass colour and is considered arcatidn of plant health. Surface hardness, measured
with the Clegg impact hammer is an attribute relatethe safety of an open park space for amenity
activities.

10.1.1.4 Results and discussion

A stable, complete grass cover has now been esftelli despite several prolonged periods without
significant rain over the past 6 years. Plates 1®-110-6. illustrate chronologically the establisgh

and on-going condition of this site over the lastygars. This site remained unirrigated from filet
introduction of water restrictions in 2005, and n@ies solely upon incident rainfall. During the
prolonged drought (up until 2009), the general d@bor of grass cover in all areas suffered dueto |
soil moisture as can be seen in plate 10-5. THetlour meter, revealed a persisting contrastftg
10-1 and 10-2) between BMP areas and the parknarge This is further demonstrated in plate 10-7.
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in which the area remediated with Sea Isle 1 thénbackground showing good turf coverage and
quality, and the untreated area is in the foregiahowing lower quality and clear patchiness.

Surface hardness follows a decreasing trend asumeasnt moves from areas of traditional park
management to those holistically managed for sustigirowth with salinity (Figure 10-2). This trend,
however, was not found to be significant, possihlg to elevated soil moisture following an acute
rain period that occurred prior to measurementufieid 0-1 illustrates that no significant difference
could be detected in NDVI between general parksaaea the BMP demonstration site at Birkdale.

While demonstration areas were constructed to Bp#eifications using the very salt-tolerant
seashore paspalurRgspalum vaginatum) cultivar ‘Sealsle 1’, the remaining areas are posed of
mixed turfgrass species, mainly green cou@ynédon dactylon) of irregular density, some endemic
grasses, a variety of weeds and scalds of bare whdre salt levels inhibit the growth of all but
halophytic plants.

At Birkdale, there are also significant areas oé@vencroachment, where turfgrass growth is limited,
in the areas outside of the demonstration site Wded health at this location, however, is quite
strong, possibly explaining the relatively high NDxalue and misleading comparison between the
BMP site and the surrounds.
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Plate 10-1. January 2004 Queens Esplanade Plate 10-2. 27 April 2004 Queens Esplanade
Birkdale (looking west). Birkdale (looking west).

e Lo

Plate 10-3 25 June 2004

Plate 10-4 29 February 2008

Plate 10-6. 25 March 2010

Plate 10-5. 27 March 2009

The Effect of Specific Salinity Management Practice s on Turf Colour in The Effect of Specific Salinity Management Practice s on the Surface
Foreshore Parkland Hardness of Foreshore Parkland

Normalised difference vegetative index
o
I
Clegg units

Birkdale Raby Bay East Birkdale Raby Bay East

[mBest Practices B C Practices | [@Best Practices B C Practices |
Figure 10-1. NDVI of turfgrasses maintained Figure 10-2. Surface hardness of turfgrasses
according to best management practices asmaintained according to best management
compared to those under conventional practices as compared to those under conventional
management. management.
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Plate 10-7. 29 February 2008
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10.1.2 Case Study 2: Raby Bay Boulevard, Raby Bay.
10.1.2.1 Introduction

This case study represents another site establigsiamr TU02005. In the current project this sitswa
monitored for survival and quality of the differ@ntfgrasses that had been previously established
with varying depths of topsoil.

10.1.2.2 Best management practices
A. Site assessment and description

The site was located at Raby Bay Boulevard, Ralyy(B@® 30 57" S, 153° 175" E) again, on the
coastal fringe. Much of the endemic vegetationhsag&mangroves, has been removed in order to
construct a rock breakwater.

Soil assessment was conducted under TU02005 withsaomples collected to a depth of 1 metre.
Each 1 m deep core was divided into 4 samples éfepths of 0-10, 10-30, 30-60, and 60-90 cm. Soil
chemical analysis determined pH, Electrical Coniditgt(EC) and chloride from 1:5 suspensions of
soil:water. Analyses of surface soil from scaldezha across the four parks confirmed one sample to
be sodic with an exchangeable sodium percentage)(g®ater than 15. Four others were
approaching sodic levels (ESP = 12-15), and alevighly saline (E€C>30) and ranged from

strongly acid (pH 3.9) to alkaline (pH 7.9). [Sailalysis results are included in the final report f
TU02005 (Loch et al. 2006)].

Overall, the results from soil sampling and analysdicated that the major factors limiting the
successful establishment and growth of “normalfgraisses on this site were the high levels of
salinity and sodicity present in the soil profilayering was a problem in the Boulevard, where red
volcanic subsoil from a local commercial buildinggdad been spread over most of the park to a
depth of approximately 3-4 cm. This surface layaswasily compacted and hard setting, greatly
reducing the rate of water infiltration into theldmelow.

B. Site preparation

Prior to planting, the soil profile was amended&moving the surface soil and adding 10 cm of
sandy loam topsoil.

C. Establishment

A trial was established on 19 July 2002 to complaeefourPaspalum vaginatum cultivars Salten¥’,
Velvetené", ‘Sea Isle 1’ and ‘Sea Isle 2000’ planted withtembplugs of the designated variety on a
25 cm grid; a 0.5 m buffer was left bare betwegaaaht plots. Additional unreplicated observation
plots of other turfgrasses with potential for pauke and various degrees of salt tolerance were
subsequently added to the side the replicated empet. Zoysia japonica ‘El Toro’, ‘De Anza’,
‘Victoria’ and ‘ZT-11'(planted 6 September 2002Zpysia macrantha forms from South Australia and
northern NSW (6 September 200€ynodon dactylon ‘Windsor Green’ (15 September 2002) ; two
forms of Sporobolus virginicus (21 November 2002); aridigitaria didactyla ‘Tropika’ (17 January
2003). The two seeded grasses, Blue Dawn and Sydeeg sown at 1g/mHowever, these failed to
establish, which effectively reduced the numbegraks treatments to the nine vegetatively
propagated entries. The latter were planted agdgaligs c. 15 cm apart on a diamond pattern, g@ivin
a final planting density of 40 per m2. Blendedifisdr (N:P:K = 12:5:14) was applied at planting to
give 50 kg N/ha. Ammonium nitrate was applied orda6uary 2004 at a rate of 100 kg N/ha.

Another salt-tolerant grass, Japanese lawn geaysi@ japonica) was trialled in an area of high wear.
This species, although not as halophytic as seagfa@palum, is known to have a higher resistance to
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wear. Full sod of Japanese lawn grass was laichdralbarbeque, where bare earth had previously
been exposed.

D. Maintenance

Blended fertiliser with an N:P:K ratio of 12:5:14wapplied on 31 July 2002 and again on 10 October
2002 and 7 February 2003 to give 50 kg N/ha at epplication. Due to dry conditions during the

latter half of 2002, the establishing grass plotsenrrigated as required. Nutrient-rich compostrfr

wool scouring waste was applied to half of eaclsisese paspalum plot on 31 October 2002. As with
case study 1, irrigation was ceased in all Red@ibdCouncil Parks in 2005. Following completion

of TU02005, maintenance reverted to standard coprattices as described for the Birkdale site,
above.

10.1.2.3 Monitoring

During the dry period from planting through to Redmy 2003, the soil profile proved very difficudt t
wet up and infiltration into the compacted subsak very slow. The movement of salt in the profile
followed the pattern typical of saline soils: dovaral during significant irrigation and rainfall exen
then upward by capillary action as the soil drigslthe salt was pushed downward, growth of the less
salt-tolerant grasse€(dactylon, D. didactyla, Z. japonica) improved, but then suffered from leaf

firing and stolon death as the salt zone again tw$ee soil surface.

During the intervening dry periods, all grassesengrsceptible to salt-induced physiological drought
(with premature wilting exacerbated by the shalloat zone in the compacted profile), but the more
salt-tolerant specie®(vaginatum, S virginicus, Z. macrantha) showed little or no firing of the top
growth.P. vaginatum andS. virginicus showed the greatest promise for long-term parkonssalt-
affected sites, witls. virginicus appearing to be the more drought-tolerant spdaieB. vaginatum
currently having the better turf types availableohere and in other projects indicates that the
nativeZ. macrantha, while salt tolerant, is not well adapted to tenpacted heavy clay sails.

Following salt damage to many of the plots, theegixpent was abandoned but the surviving plots re-
assessed on 25 May 2006 (Loch et al. 2006). Fuatsgssment was carried out on 27 March 2009 to
determine turf colour (NDVI) and surface hardné&degg hammer). Visual assessment and
photographic records were also collected on 29uzepr2008 and 27 March 2009.

10.1.2.4 Results and discussion

From regular observations on the grow-in of eacfgtass, the two most salt-tolerant halophytic
grasses$ virginicus andP. vaginatum) grew better with approximately 2-3 cm of topsmivering

the heavy compacted clay below than with greatpthdeof topsoil, as might be expected from
grasses that occur naturally in, and grow betten@rine mud than on well-drained sands. In
contrast, the best growth of the less salt-toleCaufactylon, D. didactyla, P clandestinum andZ.
japonica was observed where there was a minimum of 10 ctopsbil. In addition, substantial
sections oP clandestinum and the twd. didactyla cultivars were affected by salt in surface and sub
surface water flows through the area in March 280éwing very severe leaf firing and loss of
affected plants in the most heavily saline areas.

After a two year period, the areasfjaponica had persisted as a full covering over the barbeque
surrounds. As a demonstration site, this shows &selection of halophytic grasses can be used in a
salt-affected area. By understanding the variolesdnces of different species, the best grassean b
selected to serve a specific function in a speaife@a. On 29 February 2008 there was still evidence
that theZ. japonica, in front of one BBQ, was coping better with thghhtraffic while the seashore
paspalum was worn bare or invaded by clover (Rlét8).

In 2005 it was observed and reported that the grassgreener over pipes where cultivation had
loosened the soil. This enhanced growth was siitlent on the 29 February 2008. Maintenance
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practices were also observed to enhance turfgragglyat this site. Plate 10-10 shows healthy,ghre
year old Sea Isle 1 that has been maintained withg and topdressing, despite drought conditions
during the majority of that time. Similarly, Se#¢el4 has performed well on path edges, where it was
able to receive rainfall run-off, and store thatistre in a deeper soil profile. In the adjacem brea
however, salt accumulation is high. The salinitgnbined with the wear creates a bare patch (Plate
10-11). Soil cores extracted from a treated arelssamon-treated area on 27 March 2009 were
different in terms of structure, with the cored aopdressed area showing better root growth due to
the more friable nature of the soil in the rootz{Rkate 10-13).

Results from the surface hardness test and tusficoheter are presented in Figure 10-1 and Figure
10-2. At Raby Bay East, a 40% improvement to ND\dkwbtained through the employment of
BMPs. (as discussed, the cause of this differesiti@lperformance may be related to weed
composition.). The major weed at this site was \gnass Polygonum acivulare), prolific in areas
experiencing soil compaction. The weeds in thigfion had stems and leaves that were at various
stages of necrosis, appearing yellow to white. [bia@r NDVI achieved here, relative to that attained
in the BMP site, is a reflection of the absenchedlthy turfgrass cover.
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Plate 10-8. 29 February 2008aspalum vaginatum  Plate 10-9. 29 February 2008, greener cover of
invaded with clover in high wear areas. Paspalum vaginatum above irrigation pipes (left),
where soil was loosened.

Plate 10-10. 29 February 2008, three year old Sea Plate 10-11 29 February 2008, Sea Isle 1 surviving

Isle 1 that has been successfully maintained with ~ well on a deeper soil profile capturing water from

coring and topdressing
i 1 B

Plate 10-12. 27 March 2009 Sealsle 1 treated with Plate 10-13. 27 March 2009, Cores showing friable
BMP in foreground with untreated area, in soil and root growth in BMP area (left) and
background, with visible bare patches and weed compaction in non-BMP area (right).

infestation (mainly wire weed - sprayed out).
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10.1.3 Case study 3: Masthead drive, Raby Bay
10.1.3.1 Introduction

Again, continued monitoring of a site in which Isiavere established under TU02005 has allowed
assessment of the longterm survival and qualityid§rasses in a salt affected environment.

10.1.3.2 Best management practices

A. Site assessment and description

The park at Masthead drive, Raby Bay is locat&Va3® 12" S, 153° 163" E. The original trial site
comprised the furthermost Eastern section of Mastiizrive.

Soil samples were collected and analysed as peitthat Raby Bay Boulevard (Case study 2). The
surface soil was the imported red volcanic soihvelay contents approximately 25%. The subsoil was
found to be neutral to acidic, with pH ranging frdmB to 7.9. Salinity ranged from 0.87 to 7.6 dS/m
for 1:5 soil water extracts. The exchangeable sogiarcentage was 14.8%.

Overall, the results from soil sampling and analysdicated that this site was also subject to the
hostile conditions imposed by the “Dregic anthragbsoil type with high levels of salinity and
sodicity present in the soil profile. The imported volcanic soil also induced layering problema to
similar state to that of Raby Bay Boulevard (Cds€\s2).

B. Site preparation

Organic compost was applied to approximately omel-ibf the Masthead Drive park in August 2003
with the aim of improving soil fertility and buildg better soil structure through the organic
components. This followed slicing, gypsum amendnagiok topdressing to 1-2 cm with sand as part of
developing protocols for relieving soil compaction.

On Monday 29 March 2004, screened top soil andyskrain was applied to scalded areas of ground
in preparation for discreet plantings of sprigs phdjs of various cultivars for an observationalltr
of establishment and survival.

C. Establishment

Different cultivars of turf were planted on 29-3@Mh 2004, including large sprigs of Sea Isle 1;
plugs of Sea Isle 200dpysia Matrella G1 (now refered to as A, andSporobolous virginicus. All
were irrigated by hand and from the existing irtigia system. On Tuesday 27th April 2004 small
plugs ofSporobolus virginicus were planted into further scalded areas. A ligiliaation (50 —100N)
of Lesco Sports Turf Starter Fertiliser (N:P:K oati4:10:9) was applied to the scalded areas which
were then irrigated via fixed sprinklers and by dhan

D. Maintenance

The maintenance at this site followed standard cibprotocols with annual de-compaction using an
aerovator with solid tines (1 inch diameter) coria@g depth of 75 - 150 mm deep (Plate 10-14) and
topdressing with a light sandy loam to a depth ofri (Plate 10-15). Gypsum was applied at 1-2 t/ha
and a low-odour manure fines product was usedgena matter. Fertiliser applications were based
upon soil test results with a low P fertiliser geatily recommended.
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Plate 10-14. Solid tine aerovator as used in regula  Plate 10-15. Application of light topdressing as a
park maintenance, Redland City Council component of regular park maintenance, Redland
; City Council.

10.1.3.3 Monitoring

Site inspections were carried out during TUO200&) Yurther inspections occurring on 29 February
2008 and 11 March 2010.

10.1.3.4 Results and discussion

Initial applications of compost material enablenl@is ofC. dactylon to grow across bare scalded
patches without incurring the usual firing and dielodue to high salinity.

In the long term, planting of plugs at MastheadvBriRaby Bay has greatly improved the grass cover
of this parkland. Improvements can be observetldmverall coverage at this site through the use of
more salt tolerant turfgrassesate 10-16while newly planted with new turfgrasses, progide
indication as to the extent of scalding which poerly existed at this site. Plate 10-17 show®setl
view of the same location, with halophytic and djoitolerant specie§gorobolus virginicus and

Zoysia matrella) predominating in the previously scaled area.d3ld0-18 tdPlate 10-21illustrate

similar persistence @poraobolus virginicus from establishment in 2004, through a droughtqueto
revival following good rainfalls in 2010.

However, some exposure of bare earth remainedwidylimg areas of high salt accumulation. Plate
10-22 and Plate 10-23 illustrate the same areaadignd. It is apparent at that all turfgrassesewer
unable to survive extended periods without wateh e added complication of increased salinity
due to evaporative concentration. There is someicanityp as to whether the planting technique or
unfavourable conditions are responsible for the promised grass cover in this park. Without the
ability to irrigate and leach salts, the full pdiahof a remediation program cannot be reached.

The best management practice of annual decompawi®eontributed to improved health of turfgrass
at this site. Plate 10-24 is a clear illustratiéthe value of carrying out regular aeration where
turfgrass greenness is enhance along the lineghratich the tines have loosened the soil, allowing
greater infiltration of incident rainfall. Similatl the choice of halophytic grasses, some endemmic t
the area has allowed surface cover to remain idiaing trying conditions of drought and salt
accumulation. Plate 10-25 has an area in the cantwlich Sporobolus virginicus has persisted in

what would otherwise have been bare ground, dite tolerance to increasing levels of salinity.
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Plate 10-16. 2 April 2004, saline scald topdressed
with plugs of new grasses planted.

Plate 10-17. 29 February 2008, minimal bare ground
despite extended drought since new grasses were
established. The surviving species are mainBoysia
matrella and Sporobolus virginicus.

Plate 10-18 plugs ofSporobolus virginicus planted in
2004,

Plate 10-19. 11 March 2010gporobolus virginicus
providing good cover and persisting despite extende
drought.

Plate 10-20. 29 February 2008
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Plate 10-22. 29 February 2008,

Plate 10-23 11 March 2010

Plate 10-24. 11 March 2010 turfgrasses showing
healthy growth along lines of de-compaction

Plate 10-25. 11 March 201G5porobolus virginicus
persisting on a previously bare patch with high
salinity levels.
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10.1.4 Case study 4: Jacobs Well
10.1.4.1 Introduction

The site at Jacobs Well is beach front parklandaaljt to boat launching facilities. It suffers from

high wear and tear and also salt accumulation &ither high tides or from bathers dripping water
from the beach onto the grassed area. It is aprigfile site, often used for weddings or otherialbc
functions.

10.1.4.2 Best management practices

A. Site assessment and description

The site was on the Esplanade, Jacobs Well aidoc27° 4649’ S, 153° 222" E. The condition of
the turfgrass before renovation was poor, congjsifra sparse covering of an unknown cultivar of
green couch@ynodon dactylon). The site clearly had high levels of compactimotgh a

combination of soil type and high wear and teail &omples were collected on 5 June 2008 and sent
for laboratory analysis. The soil was suggestdaketa sandy loam with a low cation exchange
capacity of 7.17 meq/100g, indicative of poor maistand nutrient holding capacity. Nitrogen and
potassium were considered likely to leach readihe pH (1:5 water) was 6.04 and the electrical
conductivity was found to be within acceptable t81({L03 pS/cm). Despite the low electrical
conductivity in the collected samples, salt accatiah, through inundation and evaporative
concentration, could not be ruled out as a limifiagtor at this site, due to proximity to the Broad
Water. In this example, salt accumulation andh lvigar were assumed to be the main obstacles to
sustained, healthy turfgrass growth.

B. Site preparation

Site preparation commenced on 17 March 2009. Tihewdace was removed (Plate 10-26) and the
subsoil cored with hollow tine cores (plates 10a2d 10-28) to relieve compaction and enhance
mixing in of the imported topsoil. This was the yobmpromised practice, with respect to what was
considered optimal for this site, as a solid-tiseator was considered ideal in this situation. Hawe
the machinery available was limited, due to thefioed nature of the site.

The existing grass and topsoil were removed topthdef 150mm and a weed-free topsoill, rich in
organic material (a sandy loam mixed with mill mud)s spread and levelled to the depth of the
previous soil (Plate 10-29). Eco 88, a fertiliséttveomposted manure and an N-P-K analysis suitable
for turf (15-4-11), was spread at approximately/8gnd then lightly incorporated into the topsoil.
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Plate 10-26. 17 March 2009, removing existing soil
surface.

Plate 10-27.
site.

17 March 2009, coring the Jacobs We

Plate 10-28. Close up view of hollow tine coring
machine.

C. Establishment

Plate 10-29. Spreading sandy loam / mill mud mix
in preparation for laying full sod of Zoysia matrella
(foreground).

Zoysia matrella was chosen due to its combination of wear tolexama halophytic properties
(reasonable tolerance to salinity and wear). Calti-1® was chosen due to its commercial
production and availability. Strips of turf sodredaid, on 17 March 2009, in a staggered pattern
(Plate 10-30) before being rolled to enhance spdéi contact (Plate 10-31). Fertiliser Eco 88 was
applied at approximately 300 kg/ha. Temporary fegevas erected for protection during the initial
establishment phase. The area was hand irrigaied taily with recycled water for a period of tare

weeks.
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Plate 10-30. 17 March 200%oysia matrella sod Plate 10-31. 17 March 2009, rolling and irrigating
being layed newly layedZoysia matrella sod.

D. Maintenance

Maintenance was carried out by the project collatmwr(Gold Coast City Council) as per regular
council guidelines with irrigation ceasing on apfinsately 7 April 2009 (the allocated three week
establishment period), leaving turfgrass reliargrumcident rainfall.

10.1.4.3 Monitoring

The site was visually inspected on 1, 13 18 May92@0 October 2009 and 11 March 2010. The
rainfall and reference evapotranspiration (Ausaralzovernment Bureau of Meteorology 2010) for
the interceding periods is summarised in Table 10-1

Table 10-1
Rainfall - | Reference
daily evapotranspiration
Total Rainfall | average - daily average
7 April 2009 to 1 May 2009 70 3.02 4.43
1 May 2009 to 13 May 2009 19 1.42 3.6
13 May 2009 to 18 May 2009 0 0.00 4.2
18 May 2009 to 30 October 2009 472 2.86 4.03
30 October 2009 to 11 May 2010 571 2.96 5.46

10.1.4.4 Results and Discussion

Photographs from site inspections are presente@iial chronological order (plates 10-32 to 10-41).
There was a clear decline in turfgrass cover amtitgudue to insufficient rainfall to meet plant
demands, and lack of management budget to supstion (recycled water) beyond the nominal
three week establishment phase, which as showmaipter 6 was insufficient to ensure adequate root
growth into the subsoil.

The area adjacent to the retaining wall, being taoted with back fill would most likely drain more
readily than that closer to the carparks. Thidge the first point of contact with saltwater ination
which would require heavy leaching irrigation t@yent salt accumulation. Clearly irrigation was
insufficient to achieve this, indeed rainfall aistkite, for the duration of the study was welldvethat
which was required to meet reference evapotrartgpirérable 10-1). Plate 10-32 showed clear
evidence of inefficient handwatering, with an aearest to the carpark growing well while the
extremities were suffering from dehydration. PIH0e37 illustrates the persistence of this problem
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upon inspection on 18 May 2009. Plate 10-36 isexi@ of the technique used to irrigate the
turfgrass, with the arc of healthy growth clearlyrored in the irrigators application arc.

This site clearly has a high need for water to enguass survival, either providing leaching ofsal
or to replace moisture loss from the high evaponatiused through regular windy conditions. Due
to budgetary constraints, council decided to repkmme of the area with green couch sod. Plate
10-41 illustrates the level of dehydration occugrat this site, with this new sod showing cleansig
of moisture stress even after a 2 week periodgiles rain. On the other harhysia matrella,

which had previously declined, is how showing sighsecovery following the rainfall (Plate 10-40).
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Plate 10-33 1 May 2009

Plate 10-36. Initial watering of turfgrass with
recycled water. Although out of sequence (taken on
17 March 2009) the area or arc likely to receive
higher irrigation is clearly evident.

Plate 10-37. 18 May 2009 well irrigated turfgrassni

foreground, with areas suffering dehydration at the

back (closest to the beach).
A —

Plate 10-38. 30 October 2009, turfgrass suffering
severe water stress.
s\

Plate 10-39. 11 March 2010, turfgrass showing
signs of recovery following heavy rainfall events.
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Plate 10-40. 11 March 201@oysia matrella at the Plate 10-41 11 March 2010 Green couch sod
Jacob’s Well site showing signs of recovery showing clear dehydration due to failure to provide
Egﬂgyving rainfall. adequate irrigation.

10.2 Conclusion

Leaching is widely acknowledged as the most impdnti@anagement practice on salt-affected sites,
because without control of soil salt levels throlggching other management practices may not be
able to compensate for the salt stress imposecdly balt-affected sites. The implementation of
effective leaching protocols was therefore an irtgrdrconsideration in setting up long-term
sustainable management of salt-affected parks dtaRd City. However, the prolonged drought
through the duration of this project limited thelipof this project to achieve full success in
demonstrating best management practices.

For effective leaching (and also successful esthbient of new turf areas), a prerequisite is a-well
designed and well-maintained irrigation system bépaf distributing water uniformly and as
required. In particular, pulse irrigation is reedr(i.e. little and often, rather than a singlgéar
application) to allow infiltration of the first ps# before applying the second.

Unfortunately not all aspects of best managemeultdawot be fully demonstrated due to the drought
conditions that persisted throughout the majoritth@s project. It became council policy to not

irrigate amenity areas due to the high level wagstrictions imposed by government. This has
prevented them employing two of the best managepratices for salt-tolerant grasses: frequent
irrigation during the establishment phase and mgehching of salts below the root zone. The
consequences limited the ability of this projechuity demonstrate best management practices.
However, it has been possible to demonstrate thentalges that best management practices have had
on ensuring the sustainability of turfgrass throtigktile conditions (high salt levels coupled with
inadequate water supply).

It is an understanding of the specialised manageofdralophytic grasses in salt-affected soils that
has led to the implementation of best managemettipes, carried out with the appropriate
frequency on foreshore parkland. The conditiorhefturf in these areas is testament to the
appropriate selection of salt-tolerant speciegbéishment techniques and cultural practices, tkeespi
the previously discussed water deficits.

Particularly in the Redlands City Council area, tlerall long-term grass cover has been signiflgant
improved with some areas displaying growth thatdwshected plugs to form a continuous and
healthy verdure. Visual appearance, surface hasdees structure, turfgrass rooting and colour and
overall colour; confirm that BMPs for salt-affectsites continue to facilitate turfgrass growth and
quality that is superior to that of areas managigd generic park maintenance programs.
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As discussed under case study 2, core sampled thae8MPs with an affinity for salinity
management also benefit soil structure. Improvéldssoicture was observed within the best
management practice demonstration areas, whicraeggbéo allow deeper root penetration and
assisted with drainage and flushing of salts thinaing profile.

Seashore paspaluRdspalum vaginatum) was the major salt-tolerant turfgrass used taawp
foreshore parkland. Large plantings of full soghmks adjacent to Queens Esplanade, Birkdale and
Raby Bay Boulevard, Raby Bay, have sustained stgoogth and favourable colour in areas that
were previously occupied by a mixture of unhealilgsses — predominately green cougynpdon
dactylon). In areas of very high salt accumulation the toluad receded to display unsightly bare
ground, however the current stands of paspalumeset parks has persisted as a complete ground
cover.

Although there are benefits to laying full sod wloamstructing a new area or completely replacing a
species, it is a relatively expensive means ofbdistang a stand of turfgrass, compared to otheamae
such as plugging, sprigging, stolonizing and sesediugging withSporobolus virginicus andZoysia
matrella also proved successful as mixed plantings in digqgeblematic areas of Redland City
Council. These methods are potentially efficienangefor remediation of salt-affected areas,
especially where only patches of bare ground neée taddressed within an existing cover of turf.
The success of these techniques will be depengant adequate supply of irrigation to both meet the
plant requirements and to leach salts from thezow, as well as the ability to provide some degree
of physical protection from traffic.

Unfortunately the best management practice sitabkshed on the Gold Coast have not been as
successful as in the Redlands due to the extreraeamel tear combined with a similar lack of
irrigation and/or rainfall. The site at Jacob’s Wained to further assess the efficacy of grass
selection, establishment and maintenance. Therldeamed from this was that drought tolerant and
salt tolerant grasses are not ‘silver bullets’ eled, the sporadic “failings” observed throughoig th
project were valuable in highlighting the importaraf considering the management of these sites, and
indeed all turfgrass management, from a holisgswioint. The entire system must be established and
maintained according to a holistic set of best rganeent practices. In effect, it has been
demonstrated that failure to undertake any singpeet results in less than adequate turfgrass .cover
However, in a saline environment the salt tolesgu&cies are more likely to persist, and sites shoul

be managed carefully to maximise this potential.

The best management practice areas investigataahuliis project, while not providing turfgrass tha
would meet the standards of a fastidious greendteép provide improvements to turfgrass cover
despite severe water deficits. With the aim of ging together research findings from various aspect
of the project, the multiple best management praaemonstration sites remain successful in
highlighting the long-term success of the modelni@nagement of salt-affected amenity sites.

Best management practices, confirmed through lesgale development studies have been
incorporated into draft establishment and managéepretocols for adoption by Redland City Council
and Gold Coast City Councils to provide clear glinds for their staff, land developers and any othe
practitioners involved in the development and managnt of urban open space areas. A document
targeting such stakeholders will focus on the plaiht-water continuum from a practical point of
view, such that existing problems associated withaffected sites are not exacerbated, rather
established and managed by the best possible mBagse guidelines will be presented to councils at
a pending workshop planned for early 2011.

117



11 CONCLUSIONS

This project, initially focussing on individual fexes of turfgrass establishment and management in
saline environments, has taken a holistic approagtewing the outcomes from segmental studies as
parts of an integrated system. The importancaldng this view point has been highlighted at every
step. A number of species, down to cultivar leliale been assessed for salinity tolerance under
controlled conditions. These cultivars have bestettunder various and numerous limitations, to
determine the best way to establish and manage thdgrasses under the condtions imposed upon
them in saline, coastal parkland.

The most salt tolerant specigorobolus virginicus andPaspal um vaginatum,while showing distinct
advantages in areas in which high salt levelstagtimary limitation to growth, have been out
performed under conditions in which other factassaeigh salinity levels. Species with moderate
salinity tolerance such &pysia japonica andZoysia matrella have performed well at specific
locations in which high wear was the predominamttition to growth. The higher salt tolerant
cultivar within the low to moderately tolerant spgcof Cynodon dactylon (Oz-E-Green) has shown
superior performance under conditions of severemsitess and high wear. Collectively, these
species and cultivars provide a range of optionsuidgrass managers on salt-affected sites, becaus
each is adapted to different environments.

With respect to grass selectiper se, there has been a lack of evidence to supportested cultivar
over another. However, as described above a gepetaln has emerged in which different species,
and cultivars have shown superior performance udifferent stress conditions, supporting the notion
first introduced in TU02005 (Loch et al. 2006) thghatchwork of different turfgrass species acenss
landscape would ideal, matching levels of toleranocearious factors identified through detailee sit
assessments.

The turfgrass choices available to managers, tedt@sthis project, are all premium turfgrasses| a
as such are a significant financial investmenthSutinvestment warrants good establishment and
maintenance protocols. One of the most benefisi@ldishment practices identified in this project i
the addition of composted organic material to tleelia used beneath turf laid as full sod, parti¢ular
on denuded sands with little or no nutrient andstume holding capacity.

Alternative methods of establishment were showletsuccessful in controlled situations. The fragile
nature of grass sprigs makes irrigation esserdithey rapidly dehydrate. It has also been shiwan t
protection of the area from traffic for a minimurinl® weeks is required for successful establishment
from sprigs, making it a viable method in low useks or discreet areas that can be fenced, or on
sporting fields that can be closed for the durati€arttiliser is important to ensure growth ratesatra
maximum, giving the plant opportunity to establishealthy root system in the time allocated. The
water required to establish the turfgrass swartlbeila valuable investment in the long term aslit w
allow the plant to perform many benefits to theimnment, as well as the social and health benefits
that living plants provide (Gullone 2000; Malleragt 2006; Kaczynski and Henderson 2007).

A number of management practices were investigaeekisting turfgrass swards both in extremely
compacted soils in parklands under field conditimndetermine appropriate de-compaction
techniques, and as controlled experimentation teraéne turfgrass nitrogen requirements. The site
investigated for de-compaction, as discussed waxample of the most extreme case of poor soil
structure, being a duplex soil of marine clay sesfita showing signs of the physical properties
brought about through sodicity along with chemmalblems associated with elevated salinity. Only
the most aggressive practices applied appearegtiliddte some short-term decrease in the soll
compaction. The defiance of this soil type to coatipa alleviation highlighted the need for
construction of a profile that functions well withspect to moisture infiltration and drainage al we
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as oxygen transport and optimal root growth. Hegehawe a clear example in which the system as a
whole must be managed rather than individual setgn&his site exemplifies poor initial construction
limiting the ability of post-establishment managetaperations to succeed, and thus the turfgrass
system as a whole has failed to thrive. This wahéun supported with examples from a site in which
construction was carried out in accordance with besagement practices. De-compaction operations
on a well constructed sportsfield were found toriowe the physical conditions within the rootzone

for an extended period of up to three months. &lnas also an indication that topdressing after
cultivation improved soil structure in the rootzpméth notable increases in the rate of water
infiltration following application of a light topéssing. The treatment most evident in significantly
improving soil structure was cultivation at 200 nuith 15° of heave, applied with a single pass.

Soil amendments that contain exchangeable calaiugn ypsum) are further means of alleviating
compaction. Calcium can replace sodium in the fgr@find improve soil structure. The importance of
soil moisture has also been highlighted as anenfte of soil strength and infiltration. Irrigatien
another option for such sites where the abilitfiush salts below the root zone is important.

Providing the turfgrass plant with the three majecessities of life (air, water and nutrition) lhagn
pointed out repeatedly throughout this projecthwitchapter devoted to further understanding the
nitrogen requirements of these turfgrasses. Uridehostile conditions imposed by saline sites,
maintaining a good supply of nutrient is essentansure the turfgrass has the ability to repsdéfi
during periods of reduced stress and store ass$@wila preparation for high stress periods, such as
elevated salt levels, or high wear and tear. It fwaad that N requirements are cultivar specific
suggesting that the values presented here shoulddakbas a guide only, with further fine tuning
determined through site specific experiences.

Leaching is widely acknowledged as the most impdnti@anagement practice on salt-affected sites,
because without control of soil salt levels throlggching other management practices may not be
able to compensate for the salt stress imposeadiy balt-affected sites. The implementation of
effective leaching protocols was therefore an irtgodrconsideration in setting up long-term
sustainable management of salt-affected parks dhaiRe City. However, the prolonged drought
through the duration of this project limited theliabof this project to achieve full success in
demonstrating best management practices.

For effective leaching (and also successful esthtiient of new turf areas), a prerequisite is a-well
designed and well-maintained irrigation system bépaf distributing water uniformly and as
required. In particular, pulse irrigation is reaur(i.e. little and often, rather than a singlgéar
application) to allow infiltration of the first psi before applying the second.

Integration of each of the segmental researchesygliesented here has lead to the development of a
set of best management practices presented iroBddi8 (Appendix D-1). Emphasis is given to the
importance of adequate planning. These guidelniése of most benefit if they are fully understbo
before embarking on a parkland development /rertiediaroject, enabling all aspects of the

protocol to be included in the proposed budgetpide®xtended drought for the duration of this
project, it has been possible to demonstrate tharadges that best management practices have had
on ensuring the sustainability of turfgrass throtigktile conditions (high salt levels coupled with
inadequate water supply). It has been demonsttatedailure to undertake any single aspect result
in less than adequate turfgrass cover. Howeversaliae environment the salt tolerant species are
more likely to persist, and sites should be manageefully to maximise this potential.

As stated earlier, the key outcome here is thairate identification of the major limitations to
turgrass growth at each site is essential in satpthe right species and cultivar. Species addéa
cultivar selection should not be considered asalaied decision but as a factor in an integrated
system of turfgrass establishment and managenidr.key to success, then is the selection of the
right species and cultivar for each situation camebiwith establishing and maintaining those
turfgrasses in the right way, ensuring an adecgigpely of the necessities of plant growth and
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survival: water; air and nutrition. Thus ensuringaessful and sustainable turfgrass cover and the
many benefits this brings about environmentallgjaty and economically.
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12 TECHNOLOGY TRANSFER

Refereed Paper:

Bauer, B. K., R. E. Poulter, A. D. Troughton and® Loch (2009). "Salinity tolerance of twelve
hybrid Bermudagrass [Cynodon dactylon (L.) pers. txansvaalensis burtt davy] genotypes."
International Turfgrass Society Research JournaB13-326.

Conference presentations and posters:

Loch, D.S and Poulter, R.E. Establishment & managgrof salt-tolerant turfgrasses on salt affected
parkland — paper presentation at UrbanSalt, 200n&y22nd & 23rd May 2007

Poulter, R.E and Loch D.S. Identifying salt-toléranfgrasses for use on salt affected parkland —
poster presentation at UrbanSalt 2007, Sydney228dr& May

Magazine articles:
Poulter, R. (2008) Turf grasses for salt affectaxklands — phase 2 research commences Turfcraft

Internationallssue 118 (Jan-Feb 2008) page 28

Bauer, B. (2008) Aeration of Soils Experiencing @fic Compaction Turfcraft Internationsisue
123 (Nov-Dec 2008) pages 19-22

Bauer, B. (2009) Screening Hybrid Green Couch Cail§ for Salinity Tolerance. Australian
Turfgrass Managemenolume 11.4 (July —Aug 2009) page 62

Media Release:

Hargraves, K. Queensland Government Departmentpi@&/ment, Economic Development and
Innovation Media Release 27 August 2009 ‘Toughgrasbig ask of turf researchers’

Informal communications:
Liaison with the relevant contacts within the G@ldast City and Redland City Councils has been
sustained, providing a two-way flow of informaticegarding the best practice management of their

salt-affected foreshores.

Interim results from grass selection and salt-toiee trials has also been shared with these
stakeholders.

Pending communications:

Workshop: Successful establishment and managemeatt@ffected parklands, for Council
management and maintenance staff. To be held 2aily
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13 RECOMMENDATIONS

The key to successful establishment and managenmikkébe extension of the information provided in
this report. The Guideline document will requirefeissional design layout and printing for
widespread distribution to councils in Queenslanitikilly, followed by National distribution.

Workshops, locally and regionally, will be requitedensure councils are supported through the
process of adopting best management practices.

Future research needs to focus on the wear tokerander controlled conditions, of some of the
cultivars investigated in this project. Ideal pits for research would mirror that of TU0O8018
“Traffic Tolerance of Warm-Season Turfgrasses ur@tmnmunity Sportsfield Conditions”.

Given that a key factor underpinning the succedailure of turfgrasses in salt affected areas,
mentioned throughout this report, is the ready Buppwater for irrigation, it is important to gam

full understanding of the water requirements okéhgrasses, to ensure they receive enough to surviv
and/or recover from high wear whilst maintainingealthy sward, without wasting any of this
precious recourse through over irrigation. Recondat@aons made in TU0903%tatus Assessment of
Water Use research in turf growth and maintenanaaild be invaluable in addressing some of the
irrigation issues faced by local councils.
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16 Appendices

16.1APPENDIX A-1: Leaf firing in response to rootz

one salinity level

a
Leaf firing: Aussiblue Leaf firing: Champion Dwarf
120 90
100 °
2 & 6 ds/m 2 6 ——6dsim
= —=—12ds/m Z 5 ~#-12ds/m
s 18 dS/m T 40 18 dS/m
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20 —>*—30dS/m 20 —*—30dS/m
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0 0
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Date Date
C
Leaf firing: Flora Dwarf Leaf firing: FloraTeX
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Leaf firing: MiniVerde Leaf firing: MS-Supreme
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Leaf firing: Santa Ana

Leaf firing: Sea Isle 2000

120 90
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100 70
2 g —+—6ds/m 2 60 —+—6ds/m
= —#—12dS/m £ 50 —#—12dS/m
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Date Date
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Leaf firing: South African Couch Leaf firing: Tifdwarf
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Leaf firing: Tifeagle Leaf firing: Tifgreen
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16.2APPENDIX A-2 — Photographic records of visual  quality in
response to rootzone salinity level.
Cynodon dactylon

[Salinity levelsfrom left to right are: 0.1; 6; 12; 18; 24 and 30 dS/m]
Plate 16-1. FLoraTeX Series one Plate 16-2. FLoraTeX Series two
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Plate 16-10. MS Pride Series two

Plate 16-9. MS Express Series two

Plate 16-11 Oz-E-Green

Plate 16-13. Princess Plate 16-14. Riviera
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Cynodon dactylon x transvaalensis

[Salinity levels, from left to right are: 0.; 8; 16; 24; 32 and 40 dS/m]
Plate 16-17. Tifsport Series one

Plate 16-18. Tifgreen Series one

Plate 16-19. Tifdwarf Series one Plate 16-20. TifEagle Series one

Plate 16-21. MiniVerde Series one Plate 16-22. Santa Ana Series one

Plate 16-23. Patriot Series one Plate 16-24. Champion Dwarf Series one
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Plate 16-25. WS200 Series one Plate 16-26. Novotek Series one

Plate 16-27. FloraDwarf Series one

Cynodon transvaalensis

Salinity levels, from left toright are: 0.; 8; 16; 24; 32 and 40 dS/m
Plate 16-30 South African couch
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Digitaria didactyla
[Salinity levelsfrom left toright are: 0.1; 6; 12; 18; 24 and 30 dS/m]

Plate 16-31. Aussiblue Series one Plate 16-32. Aussiblue series two

Paspalum vaginatum:

[Salinity levels, from left to right are: 0.; 8; 16; 24; 32 and 40 dS/m]
Plate 16-35 Sea Isle 2000 Series one Iate 16-36 Sea Isle 2000 Series two
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Plate 16-39 SeaDwarf Series four Plate 16-40. Neptune Series four

Plate 16-41 Sea Isle Supreme Series four Plate 16-42. Parrish Series four

Plate 16-43. Sea Spray Series four Plate 16-44. Aloha Series four
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Plate 16-47. Tropic Shore Series four Plate 16-48. Spence Series four

Sporobolus virginicus:

[Salinity levels, from left to right are: 0.; 8; 16; 24; 32 and 40 dS/m]
Plate 16-49 QLD-Coast Series four Plate 16-50. Salt fine Series four.

Stenotaphrum secundatum:

[Salinity levelsfrom left toright are: 0.1; 6; 12; 18; 24 and 30 dS/m]
Plate 16-51. EB-2 Series three Plate 16-52 TF-01. Series three
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Plate 16-55. Matilda Series three. Plate 16-56. Ned Kelly Series three.

Zoysia japonica:

[Salinity levelsfrom left toright are: 0.1; 6; 12; 18; 24 and 30 dS/m]
Plate 16-57. El Toro Series three. Plate 16-58. Empire Series three.

r

Zoysia tenuifolia: Zoysia japonica x tenuifolia:
Plate 16-61. South African couch Series three Plate 16-62. PristineFlora Series three

)

Note: No photographs available for hybrid Zoysi&,ZxndZ. macrantha Nard™.
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16.3 Appendix B-1 Layout of Gold Coast grass select ion trial -

pathway
C— >N
A|C|E|D|B |E|DJ|C| B |A [<Topsoil
Block 1
; <Compost
. Roots washed Roots unwashed
S (O <Trees_
<‘ /
A D B C E E| C A B D
<Compost
. Block 2
‘,' <Topsoil
~J._ Roots unwashed Roots washed
O CO . <Trees_ _ _ L
A| B C| D |E B| D | C E | A | <Topsail
Block 3
<Compost
Roots washed Roots unwashed
O O O <Trees
] D| A B E | C C B D A E <Compost
Block 4
! <Topsoil
' Roots washed Roots unwashed
D <Trees
<Topsoil
Block 5
<Compost
Roots unwashed Roots washed
Q Q Q <Trees
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16.4 Appendix B-2 Layout of Gold Coast grass select ion trial —
beach access

Roots washed  Roots unwashed

Topsoil [4[4[4[4[4]4[4[*(4|4 =
B C Al A C ==
Block 3 T r1rror T ===
TTULMBEN Y =
_ Y Y Y ==
Topsoil i
D [c| |g| |A| |E &=
Block 4 A |Bl |a |B] |po] N =
Compost
Roots unwashedRoots washed ﬂ
A=0z-E-Green C=Velvetene E=Empire
B=Sealsle 1 DZoysia matrella
Roots unwashed Roots washed
Compost
Block 1 BED B AAB|dDE
Topsoil
| Beach
Compost | Al gl ol d 8| 8| || g A
Block 2 N
Topsoil
Roots washed Roots unwashed ﬂ
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16.5Appendix B-3 Layout of Gold Coast grass select  ion trial —
Budd’s Beach

Wear trial T

= @

Shade tolerance
trial

z

Large fig tree

Shed

Canal

Beach

Combined factors

l

trial

Toilet block

. Zoysia matrella ‘Al’
Observation deck vs

nodon dactylon ‘OzEGreen’

aspalum vaginatum ‘Sealsle 1’

Dactylocteniumaustrale (Sweet smother)

Beach front trial
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16.6 Appendix B-4 Layout of Gold Coast grass select ion trial —
Hollindale Park
Trial Area: Elevated with high shade
< N
c c c
o g 3 c 3 o o g 3
% sl o | g | o © © g | o
w w w
& < N < N & & < X
" < O < o n n < o
Block 1 Block 2 Block 3
Demonstration area 1 — Northern tree
Oz-E-Green A-1 Zoysia Sealsle 1
Demonstration area 2 — Southern tree
Sealsle 1 Oz-E-Green A-1 Zoysia
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16.7 Appendix C-1 Turfgrass ratings — fertility tri  al

Table 16-1Effect of fertiliser N rate on turf quality rating s on irrigated swards of six warm-
season turfgrasses grown on a yellow Kurosol soit &leveland, Queensland.

Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400

23-Aug-06 | Aussiblue 700 725 750 818 838 9.0 0.56
FLoraTeX 500/ 5.38 600 650 7.00 7.38 0.p1

Kikuyu 6.13| 6.63] 713 800 813 8.43 0.9

Sea Isle 1 6.00] 6.13 679 750 818 850 0.f1

Sir Walter 6.75| 6.88] 779 850 875 9.Q0 1.pa
Wintergreen 475| 500 564 650 675 7.00 0.p9

13-Sep-06| Aussiblue 6.25| 638 684 733 7.83 7.3 0.45
FLoraTex 375| 413 484 538 575 6.00 0.4

Kikuyu 525| 6.000 663 755 765 8.00 0.p7

Sea Isle 1 450| 563 595 675 7.68  8.00 0.p9

Sir Walter 6.33| 6.63] 739 818 850 858 0.p3
Wintergreen 400| 488 529 575 598 6.20 0.p9

27-Sep-06| Aussiblue 6.38| 6.88 754 833 895 9.0 0.p2
FLoraTex 450| 550 633 683 7.08 7.33 0.53

Kikuyu 5.30 62| 690 7.6 8.20 8.40 0.p0

Sea lsle 1 475| 575/ 639 715 815 858 0.6

Sir Walter 6.25| 6.83] 749 825 890 890 0.43
Wintergreen 450| 500 550 638 7.00 7.30 0.9

11-Oct-06| Aussiblue 6.75| 7.33] 7.83 840 9.00 9.00 0.h5
FLoraTeX 550/ 6.20| 674 800 870 8.40 0.p2

Kikuyu 575| 6.45 700 805 878 8.5 0.p1

Sea Isle 1 588| 645 733 813 9.00 9.40 0.p4

Sir Walter 6.28| 683 770 845 883 8.88 0.p6
Wintergreen 513| 5.88 650 7.08 808 845 0.49

25-Oct-06| Aussiblue 6.50| 6.75| 753 825 895 9.0 0.p5
FlLoraTex 450| 550/ 600 653 7.38 7.5 0.2

Kikuyu 500 588 650 725 758 7.88 0.p8

Sealsle 1 6.45| 705 770 818 890 8.95 0.p1

Sir Walter 6.45| 7.05| 770 818 890 8.95 0.p1
Wintergreen 463| 545/ 593 658 745 7.95 0.p4

8-Nov-06 | Aussiblue 6.13| 6.70| 7.40 783 818 8.38 0.p2
FLoraTeX 508/ 575 653 688 753  7.90 0.45

Kikuyu 525| 625 7040 738 7.80 8.13 0.p1

Sealsle 1 580| 6.85 729 865 890 9.0 0.43
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Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300 400

Sir Walter 658 7.33] 790 818 870 8.5 0.
Wintergreen 470| 543 609 645 690 7.33 0.

24-Nov-06 | Aussiblue 6.13| 7.00, 739 755 808 8.08 0.
FlLoraTeX 513| 6.000 6.4 688 718 745 0.

Kikuyu 558| 6.25| 6.8 7.28 7.68 8.00 0.

Sealsle 1 6.13| 7.20] 763 878 890 9.0 0.

Sir Walter 6.13| 7.25] 770 7.88 845 8.43 0.
Wintergreen 520| 558 600 665 7.00 7.30 0.

6-Dec-06| Aussiblue 6.83| 7.13| 754 785 808 8.8 0.
FlLoraTeX 513| 575 6.0 675 7.05 7.25 0.

Kikuyu 583| 638 7040 745 758 7.83 0.

Sealsle 1 6.50| 7.33] 799 880 9.00 9.00 0.

Sir Walter 6.25| 6.88 759 7.88 820 845 0.
Wintergreen 470 525 5794 658 7.08 7.28 0.

20-Dec-06| Aussiblue 658| 690 719 758 770 7.5 0.
FLoraTeX 513| 538 56§ 573 590 595 0.

Kikuyu 565| 590 604 618 650 6.63 0.

Sealsle 1 573| 625 674 790 818 8.5 0.

Sir Walter 578| 6.15 670 725 7.33 7.45 0.
Wintergreen 495| 515 55§ 573 608 6.13 0.

17-Jan-07| Aussiblue 6.45| 650 673 7.00 715 7.38 0.
FLoraTeX 508| 518 543 558 578 6.00 0.

Kikuyu 555| 563 6.03 615 640 6.8 0.

Sealsle 1 543| 565 623 7.08 745 753 0.

Sir Walter 6.13| 635 665 695 735 7.53 0.
Wintergreen 493| 513 549 538 568 568 0.

Table 16-2. Effect of fertiliser N rate on turf density ratings on irrigated swards of six warm-
season turfgrasses grown on a yellow Kurosol soit €leveland, Queensland.

Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400
23-Aug-06 | Aussiblue 6.88| 7.13| 784 850 825 9.0 0.7
FLoraTeX 513| 538 600 650 7.00 7.38 0.8
Kikuyu 6.13| 650 7.13 818 8.00 8.75 0.p1
Sea Isle 1 563| 6.25| 684 775 818 8.63 0.0
Sir Walter 650 6.75| 779 850 862 9.0 0.p6
Wintergreen 475| 5.12| 567 650 688 7.12 0.p6
13-Sep-06| Aussiblue 6.13| 638 684 738 775 7.5 0.8
FLoraTeX 3.75| 4.00] 489 525 575 6.00 0.h6
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Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400

Kikuyu 525| 563 663 755 765 7.93 0.

Sealsle 1 425| 5500 59§ 670 7.76 8.07 0.

Sir Walter 6.45| 6.75| 739 818 863 870 0.
Wintergreen 400| 463 529 550 59 6.08 0.

27-Sep-06| Aussiblue 6.38| 6.88 754 833 895 9.0 0.
FLoraTeX 450| 550/ 633 675 708 7.33 0.

Kikuyu 500 638 693 768 820 8.40 0.

Sealsle 1 475| 575 639 715 815 858 0.

Sir Walter 6.25| 6.83] 749 825 890 8.90 0.
Wintergreen 425| 5000 550 613 7.00 7.30 0.

11-Oct-06| Aussiblue 6.75| 7.33] 783 840 9.00 9.00 0.
FLoraTeX 5.38| 6.00] 6.65 750 838 8.38 0.

Kikuyu 575| 6.33] 689 805 878 8.95 0.

Sea Isle 1 5.88| 6.45| 7.33 818 9.00 9.0 0.

Sir Walter 6.28| 683 770 845 888 8.95 0.
Wintergreen 513| 588 638 7.08 803 845 0.

25-Oct-06| Aussiblue 6.50| 6.75| 753 845 875 9.00 0.
FLoraTeX 425| 525\ 584 645 726 7.5 0.

Kikuyu 500 588 650 7.25 758 7.48 0.

Sealsle 1 588| 650 729 858 890 9.00 0.

Sir Walter 6.45| 7.000 770 818 890 8.95 0.
Wintergreen 463| 545 593 653 745 7.95 0.

8-Nov-06 | Aussiblue 6.13| 6.70| 749 783 818 8.38 0.
FlLoraTeX 508| 575 653 688 753 7.90 0.

Kikuyu 525| 625 700 738 7.80 8.0 0.

Sealsle 1 580| 6.85 729 865 890 9.00 0.

Sir Walter 658 7.33] 790 818 870 8.5 0.
Wintergreen 470| 543 604 645 690 7.33 0.

24-Nov-06 | Aussiblue 6.25| 6.95] 713 755 800 8.08 0.
FlLoraTeX 500/ 6.000 633 670 7.00 7.33 0.

Kikuyu 533| 6.000 659 718 763 7.83 0.

Sealsle 1 6.00{ 7.000 750 865 890 9.00 0.

Sir Walter 588 7.000 759 775 825 850 0.
Wintergreen 495| 550 613 658 695 7.30 0.

6-Dec-06| Aussiblue 6.63| 7.00] 733 785 800 8.8 0.
FLoraTeX 500 550 613 678 680 7.25 0.

Kikuyu 545| 6.000 695 725 750 7.95 0.

Sealsle 1 6.25| 7.08 7749 865 9.00 9.00 0.

141



Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400
Sir Walter 6.13| 6.75| 745 7.7% 808 8.38 0.p5
Wintergreen 470| 525/ 589 645 688 7.08 0.3
20-Dec-06| Aussiblue 650| 6.78| 719 758 775  7.15 0.p2
FlLoraTeX 508| 550 603 640 683 6.95 0.p1
Kikuyu 553| 590, 590 620 658 7.00 0.p2
Sea Isle 1 575| 650 719 820 838 850 0.fo
Sir Walter 6.08| 638 704 768 775 8.0 0.p8
Wintergreen 503| 515 570 590 653 6.63 0.p4
17-Jan-07| Aussiblue 6.33| 650, 674 7.00 715 7.38 0.p7
FlLoraTeX 508| 518 543 550 578  6.00 0.p1
Kikuyu 548| 555 6.03 615 640 6.63 0.p1
Sealsle 1 548| 573 623 710 745 7.40 0.p1
Sir Walter 6.13| 635 674 6.9% 7.35 753 0.p4
Wintergreen 488| 505 549 538 558 5.48 0.B5

Table 16-3. Effect of fertiliser N rate on turf colour ratings on irrigated swards of six warm-
season turfgrasses grown on a yellow Kurosol soit &leveland, Queensland.

Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400
23-Aug-06 | Aussiblue 700| 738 779 850 820 8.8 0.45
FLoraTeX 513| 558 604 650 7.00 7.38 0.B6
Kikuyu 6.50| 6.88) 7.29 808 818 8.5 0.p3
Sealsle 1 6.25| 650 704 775 840 8.5 0.h7
Sir Walter 6.63| 7.13] 80d 858 875 9.0 047
Wintergreen 500| 538 579 650 7.18 7.38 0.p2
13-Sep-06| Aussiblue 6.13| 6.75| 713 738 770 7.70 0.p5
FLoraTeX 425| 488/ 5.63 5.843 6.25  6.38 0.43
Kikuyu 588| 675 714 778 775 845 0.47
Sealsle 1 513| 595 663 750 818 8.58 0.p5
Sir Walter 6.38| 675/ 7.63 800 850 8.38 0.p4
Wintergreen 425| 488/ 539§ 588 650 6.38 0.57
27-Sep-06| Aussiblue 6.13| 6.63] 799 853 9.00 9.0 0.p1
FLoraTeX 475| 588 68] 735 7.68 7.88 0.p9
Kikuyu 6.00/ 650 7.00 813 8.83 9.00 0.43
Sealsle 1 525| 6.45| 683 775 858  9.00 0.p0
Sir Walter 6.25| 670 7.6 833 890 895 0.5
Wintergreen 450| 525/ 629 7.00 7.38 7.90 0.3
11-Oct-06| Aussiblue 6.63| 7.33 783 840 9.00 9.0 0.8
FLoraTeX 563| 650 7.4 8.00 858 8.58 0.f3
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Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400

Kikuyu 6.13| 658 720 813 895 9.00 0.

Sea Isle 1 6.25| 6.83 769 868 9.00 9.0 0.

Sir Walter 6.40| 6.83] 77d 865 9.00 9.0 0.
Wintergreen 525| 6.00] 679 745 828 858 0.

25-Oct-06| Aussiblue 6.25| 6.68] 72d 808 895 9.0 0.
FlLoraTeX 500| 588 638 690 7.638 7.93 0.

Kikuyu 550/ 638 669 730 778 8.13 0.

Sealsle 1 6.38| 7.25| 779 845 890  9.00 0.

Sir Walter 6.50| 690 763 825 883 895 0.
Wintergreen 463| 538 613 683 800 820 0.

8-Nov-06 | Aussiblue 6.20| 673 70d 783 825 815 0.
FLoraTeX 658 728/ 770 838 890 8495 0.

Kikuyu 6.25| 6.88 713 750 818 8.38 0.

Sealsle 1 6.40| 7.45| 813 8783 890 9.00 0.

Sir Walter 6.58| 7.28/ 770 8338 890 8495 0.
Wintergreen 533| 580 633 658 725 7.70 0.

24-Nov-06 | Aussiblue 6.63| 6.95 733 770 808 813 0.
FLoraTeX 563| 625 670 710 758 7.65 0.

Kikuyu 6.03] 655 693 738 7.88 813 0.

Sealsle 1 6.65| 7.20] 813 880 9.00 9.00 0.

Sir Walter 6.50| 6.88) 7.63 818 858 8.63 0.
Wintergreen 550/ 595 650 685 758 7.63 0.

6-Dec-06| Aussiblue 6.95| 7.25| 769 790 808 8.8 0.
FlLoraTeX 538| 563 620 688 733 7.38 0.

Kikuyu 6.25] 650 7.03 740 7.88 8.08 0.

Sealsle 1 6.70| 7.28] 820 885 900 9.00 0.

Sir Walter 6.58| 6.95] 770 8.08 838 8.3 0.
Wintergreen 525| 5.70 6.20Q 6.7:13 7.08 7.33 0.

20-Dec-06| Aussiblue 6.85| 713 7194 718 718 7.3 0.
FlLoraTeX 510 523 549 565 590 585 0.

Kikuyu 565| 578 599 6.03 6.08 6.20 0.

Sealsle 1 558| 6.200 7.04 7.88 8.08 8.08 0.

Sir Walter 580| 6.0, 653 7.00 713 7.95 0.
Wintergreen 495| 515 533 540 570 518 0.

17-Jan-07| Aussiblue 6.65| 6.65| 674 700 718 745 0.
FLoraTeX 530| 538 550 550 578 6.00 0.

Kikuyu 6.25| 6.25| 640 645 675 7.03 0.

Sealsle 1 573| 6.000 6.3 7.08 7.48 7.0 0.
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Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400
Sir Walter 6.13| 6.30] 650 690 728 7.38 0.B6
Wintergreen 520| 530 550 555 588 6.03 0.6

Table 16-4. Effect of fertiliser N rate on percentage weed inasion in irrigated swards of six
warm-season turfgrasses grown on a yellow Kurosobg at Cleveland, Queensland.

Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400

23-Aug-06 | Aussiblue 0.00| 000/ 00d 000 000 0.00 *
FLoraTex 1.25| 0.00] 500 125 625 0.00 6.p1
Kikuyu 8.00| 11.25] 6.24 1125 425 6.25 10f11
Sea Isle 1 050 1.25| 004 375 375 1.15 4B1
Sir Walter 000/ 000/ 004 000 875 0.0 10f77
Wintergreen 6.25| 500 679 750 10.00 3.75 12148

13-Sep-06| Aussiblue 0.00| 0.0/ 00d 000 000 0.00 *
FLoraTex 1.75| 125/ 250 250 1125 550 71
Kikuyu 15.00| 3.75| 10.00 100D 6.35 250 11[94
Sea lsle 1 300 075 079 000 350 0.50 3.40
Sir Walter 0.00| 000 004 250 750 0.00 9.p2
Wintergreen 13.75| 13.75 11.7% 1125 11.25 0.50 2053

27-Sep-06| Aussiblue 000| ©0.00f 0.0d 000 000 0.00 *
FLoraTeX 150 1.25)] 250 150 625 230 6.00
Kikuyu 11.25| 400, 75Q 1250 545 275 1174
Sea lsle 1 1.25| 125 050 025 325 025 2.2
Sir Walter 025| 1.25| 004 250 250 0.00 4.p5
Wintergreen 6.25| 750 1000 1376 9.5 1.50 16}08

11-Oct-06| Aussiblue 0.00| 000 ©00d 000 000 000 *
FLoraTeX 000/ ©0.00 00d 000 500 1.25 3.1
Kikuyu 3.75| 275| 750 1125 125  0.00 6.[73

Sea lsle 1 000/ 000 00§ 000 000 000 *
Sir Walter 0.00] o000 00d 250 000 0.00 3.ps
Wintergreen 1.25| 10.00f 1000 875 5400 1.25 17138

25-Oct-06| Aussiblue 0.00| 000 ©00d 000 000 000 *
FLoraTex 250 000 250 125 11.25 5.00 10J05
Kikuyu 2250 20.000 3250 2500 11.25 2p0 19|32

Sealsle 1 0.00| 000 00d 000 000 000 *
Sir Walter 000/ 0.00] ©00d 125 000 0.0 1.p4
Wintergreen 13.75| 1125 1625 1625 13.75 6.5 24474

8-Nov-06 | Aussiblue 000 000 ©00d 000 000 000 *
FLoraTeX 000/ 000 250 125 750 3.5 6.p0
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Date Turfgrass Kg N/Halyear LSD
0 50 100 | 200| 300| 400

Kikuyu 15.00| 12500 2250 1500 0.00 2.50 14|45

Sealsle 1 0.00| 0.00f 004 000 000 0.00 *
Sir Walter 000| 0.00 0.0d 250 000 0.00 3.ps
Wintergreen 250 7.50] 10.00 1250 13.75 2.50 17|76

24-Nov-06 | Aussiblue 000| ©0.00f 0.0d 000 000 000 *
FLoraTex 000 000 379 250 750 3.75 6.p3
Kikuyu 15.00| 11.25 26.2% 1625 125 2.50 1423

Sea Isle 1 0.00| 000 o00d 000 000 000 *

Sir Walter 000/ ©0.00f 00d 000 000 000 *
Wintergreen 10.00| 10.00 875 13.7p 17.50 2.50 19|84

6-Dec-06| Aussiblue 0.00| 0.00/ 00d 000 000 0.00 *
FlLoraTeX 0.00| 0.00] 375 250 750 3.95 6.p3
Kikuyu 15.00| 11.25) 2500 15.00 125 250 14]97

Sea Isle 1 000 000 o00d 000 000 000 *

Sir Walter 000| 000 00d 000 000 000 *
Wintergreen 10.00| 10.000 875 1376 13.45 250 20|79

17-Jan-07| Aussiblue 000| 000/ ©00d 000 000 0.00 *
FlLoraTeX 0.00| 0.00] 375 125 375 0.00 765
Kikuyu 500 250 9.04 1126 250 250 9ps

Sealsle 1 0.00| 0.00f 004 000 000 0.00 *
Sir Walter 000| 0.00] 0.0d 250 000 0.0 1.p5
Wintergreen 10.00| 10.000 1125 75D 6.35 3.J5 16[14

31-Jan-07| Aussiblue 000| 000 00d 000 000 000 *
FLoraTeX 1.25| 225/ 379 050 750 5.00 5.p4
Kikuyu 15.00| 11.25 1750 2250 11.25 8.5 1683
Sealsle 1 0.00| 050, 004 0.00 000 0.00 b2
Sir Walter 000| 125 0.0d 125 000 0.00 b2
Wintergreen 18.75| 1575 16.25 13.75 1250 5.0 27114

14-March-07| Aussiblue 000| ©0.00f 0.0d 000 000 000 *
FLoraTeX 000 125 750 125 876 2350 10.p1
Kikuyu 20.00| 18.75 20.00 2250 30.00 2500 1945
Sea Isle 1 1.25| 250 0.0d 000 000 025 ps
Sir Walter 000| ©0.00] 0.0d 375 000 0.0 5.3
Wintergreen 17.50| 20.25| 16.25 11.25 12.50 10[00 27194
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16.8 Appendix D-1 Draft Guidelines for the successf  ul establishment
and management of salt affected parklands

Introduction

Construction and maintenance of sporting fields gamttlands have often been considered in isolation
of one another. The initial cost savings of cheapstruction can be quickly eroded by higher
maintenance expenses, which recur into the fultlris. has been exacerbated by a lack of detailed
construction protocols for park development. Chpsidelines for the construction of parks, can
minimise or even eliminate the additional experfdeliow-up remediation and problem

management. Rather than a single problem, theny@ically a number of issues that contribute to
poor, and often patchy, grass growth in salt afféetreas—the mark of an unsatisfactory project
outcome.

These guidelines provide various options from thestruction and establishment of new grounds
through to remediation of existing parklands bymuting the growth of endemic grasses. They are
also mindful of budgetary constraints. They descdatbest management process through which salt
affected sites should be assessed, remediated amabed.

Successful project outcomes can only be achievedigh adequate planning. These guidelines will
be of most benefit if they are fully understooddsefembarking on a parkland
development/remediation project. This will enadlleaspects of the protocol to be included in the
proposed budget.

The management of turfgrass is “systems managemeitt’ the soil, atmosphere and human factors
all influencing plant growth. The turf manager ne¢olunderstand the importance of individual
components within the context of the whole system.

Planning

Planning is the key. Planning parkland developrsotld commence as soon as a site is identified.
Initial site assessment will determine the extdrsite preparation required. Similarly constraiias
growth can be identified early so that speciescsiele can be planned in advance.

Often, managers are presented with a “pre-prepamexd! of ground and a small budget to establish
and maintain top quality turfgrass cover. This gaitkly set a project up for failure or, at thade
site maintenance problems.

Two scenarios are common:

1. The prepared ground is often overly compacteativbf the budget is quickly expended, trying to
remedy the problem.

2. The site may well be saline, have high traffibe under significant shade, all factors that rteed
be addressed through the careful choice of tudiepe

Often the areas are extensive, requiring a largauatrsod to cover it. Unfortunately the more salt
tolerant species or the more wear resistant spacgesften specialised grasses, which are in short
supply and often higher cost. Due to budgetangtraints, cheaper alternatives are selected so that
the park can be constructed within budget.

The development of small individual, high profileas could be considered if a complete re-

construction is beyond the budget. This could bglémented over a period of time. If it is apparent
that tolerant varieties of turf will be requiretlis essential to contact suppliers early to entheg
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will have adequate material available at the tifplanting. This may require significant advanced
notice (up to 12 months in some cases).

Alternatively, if there are existing dominant gressit may be possible to renovate the site to
encourage their growth at a lower cost. Thesesiats can be used form appropriate budget
estimates and develop a project structure. Guigeliar establishing new turf are discussed, dweis t
renovation of existing grasses.

New developments
Site assessment
Visual observations

This information is vital in selecting the most appriate grass species or cultivar. Simple
observations such as the number of people currasihg the site through to the level of shade eithe
from trees or buildings, should all be documentedite plans. Proposed usage of a site will also
determine what pressures will be placed upon ttie Eor example, areas around play equipment,
barbeques and adjacent to pathways will all recaikigh level of traffic, so the chosen species or
cultivar will need a degree of traffic tolerancdjile@ areas under trees or on the southern sideiicp
shelters will have a significant level of shadeuieing more shade tolerant varieties.

In most cases, it is likely that a number of déietrgrasses will be appropriate for one site. Refe
Chapter 5 of final report TU06006 to identify appriate species or cultivars for each situation.

Look for signs of soil structural problems suctcaspaction. A simple indication is the rate ataethi
water enters the soil (infiltration). A simple tesn be done to see how long it takes for a volame
water to seep into the soil. This can be doneushimg a tin can (open at both ends) into the soil
approximately 25 mm and filling it with water. Qivge how long it takes for the water level to drop
25mm (one inch). A sandy soil should take 1 toibutes, a loam or gravely soil may take up to 60
minutes and a clay soil can take significantly lenthan 60 minutes. If the water takes longer Bn
minutes to soak into the sail, significant de-cootjman operations will be required and should be
factored into the proposed budget.

Soil sampling and testing

Testing the electrical conductivity (EC) of thelsmill confirm the level of salinity, which in turn
narrows the species selection. Similarly testivegacidity or alkalinity (pH) will clarify any
amendments that may be required during the sifgapagion phase. Both parameters (EC, and pH)
can be measured with reasonable accuracy usinghp@rinits ranging in price from $100 to $200
each. Further analysis for nutrient availabilignde carried out by accredited laboratories.

It is recommended that samples be sent for teatitige planning stage, particularly if either EGbr
falls outside the recommended ranges. Not onlythidl information support species choices, but will
also provide guidelines as to the type and amolfgrtliser required.

For meaningful results from soil testing, it is ionfant that the sample is representative of thee sit
given that samples sent for analysis are a fractidhe volume of soil in situ (generally aboutdrtp

in 3 million!). An appropriate technique would tzetake one soil core every square metre and mix it
into a bulk sample. Soil cores should be takendegth of 10 cm. although, where obvious changes in
soil type or texture occur within this zone, ibisst to keep the depth increments as separateessmpl
bulked for each layer. Similarly, where obviouadiences in topography occur, it is best to sample
these areas separately.
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When choosing a laboratory, look for accreditafiem the Australasian Soil and Plant Analysis
Council (ASPAC), as they run proficiency testinggmams among member laboratories to ensure
quality standards are met. Analytical methods,iadded the interpretation of results, can vary
significantly between laboratories. Most laboraerwill provide an interpretation of results and
recommendations for fertiliser requirements, howgeaedvice from an independent agronomist is
recommended.

Site preparation — start from the ground up.
Where possible, level the area, taking out surpkisting soil if necessary.
De-compaction:

De-compaction is generally not needed where theaslils sandy and has been disturbed and/or
translocated. However, if the soil or subsoil hlagious compaction problems it will be necessary to
alleviate this through cultivation. For mild congtian simply slicing to a depth of approximately 20
cm will be sufficient.

On compacted sites, such as parks based on mauihesorbsurface cultivation is needed to improve
infiltration and internal soil drainage. Cultivatiereates new macropores and channels for
percolation, as well as air movement and root gnoirn these situations a deeper, more aggressive
cultivation is recommended. Soils with high clayntent may benefit from an application of gypsum
at the same time as subsurface cultivation isezout. This will enhance soil structure and ferth
improve internal drainage, with the added advantdgeproving the effectiveness of the removal of
salts from the root zone by rainfall and irrigation

In an earlier project, slicing the subsoil to reiecompaction and applying gypsum amendment (to
improve soil structure), followed by a sand topdieg, enabled stolons of green couClirnodon
dactylon) to grow across bare scalded patches without imguthe usual browning off and dieback
due to high salinity (Loch, Poulter et al. 2006).

Leaching

Leaching is widely acknowledged as the most impdni@anagement practice on salt-affected sites.
Without the ability to control soil salt levels gugh leaching, other management practices may be
rendered ineffective over time.

For effective leaching, and also successful edlalent of new turf areas, a well designed irrigatio
system is required. In particular, pulse irrigatis@ useful technique. This works by applyingteli
water often, rather than in a single large apgheat The process allows the first pulse to irditér

into the rootzone, where salts have time to beotlied before a second, larger pulse flushes them
from the rootzone.

Chemical amendments and fertilisers

Use the soil test results as a basis for determpitiia base rate of complete fertiliser to be mixeal
the turf underlay or top dressed. Adjust pH to liiw the range 5.5 to 7.0. If acid, add lime. If
neutral or alkaline, add gypsum.

Many rootzone amendments which improve soil mogstefations are available on the market today,
some with questionable value. Trial work indicétest most products are of limited use when the
existing soil already has good water holding cayaddecisions about using these products, as
opposed to organic materials, come down to avéithabaind economics. Take care in choosing these
products. Adhere to the application rates on thellas mistakes tend to have drastic consequences.
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Topsaoil

Spread a minimum of 5 cm of quality topsoil. Usé tuinderlay or straight sandy loam. In the case of
a dune site where turf will be growing in loosedahis best to incorporate well composted organic
material to a depth of 10-20 cm rather than applgrseparate layer of topsoil. Many turf managers
shy away from the inclusion of organic materiat® iturf underlay. However, if the materials ardlwe
composted, meeting the specifications of the Aliatré&standard and in the correct proportion with
the mineral soil components, they will provide gahtial benefits. Nutrient-rich organic composts
have been shown to boost the growth of the preljiaudertilised grass and this improvement lasted
at least twice as long as the effect of inorgartrogen fertiliser. Trials on Queensland’s GoldaSb
have also shown improved root growth of new sody @ompost as opposed to mineral soil.

A good discussion of soil health and structureres/jpled in “Healthy soils for great turf’(Carson
2006).

Irrigation

It has previously been stated that a prerequisitariy turf establishment is a well-designed anti-we
maintained irrigation system capable of distribgtimater uniformly and as required (Loch et al.
2006). Water availability has been a limiting fadiar turf growth in the past, and with permanent
water restrictions it is unlikely that parklanddlwever have unlimited water supplies.

One option is the consideration of alternate waberrces. During the establishment phase, it is
essential to have a regular supply of water. Actmsgter or consistent rainfall is vital when
establishing from seed, as seedling root systeepaaticularly vulnerable to drying out. This may
require the transport of recycled water to a site-#@m which must be factored into the planning
budget. If sufficient rainfall occurs during thime, the allocated money can be considered asta cos
saving, but should not be relied upon. It is viteknow the quality of recycled water being used an
its likely effects on plants and soils.

Do not order turf unless provision has been made for some form of irrigation during the
establishment and post-establishment phase.

Grasses are living plants and even the most drdotgrant types require some water for survival.
During periods of drought, it is argued that tisi@n inappropriate use of water. There are many
benefits provided from living turf and other vegeia—to the environment, and to our health and
well being. All these factors should be considdyefbre turning off the tap.

Only when the site is fully prepared as per abaepss is it appropriate to have the sprigs, seeds o
turf delivered.

Laying Turf as full sod

During the planning phase, select a quality tudgrthat is suitable for the site (as identifiegionr

initial site assessment). Ensure that the corneahfity is available for the proposed planting time
Organise labour for laying turf to ensure the jab be completed in the shortest timeframe possible.
Laying sod can be contracted out to the sod supmiiether industry professional.

Some simple procedures to follow are:

. Lay freshly cut turf as soon as possible aftéiveey

. Lay turf across the direction of surface watenl

. Ensure that mats/rolls are laid systematicallpse the site and that the edges are butted up
closely against each other, preventing gaps,

. Do not stretch or overlap rolls or slabs.
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. Irrigate newly laid turf twice a day in cooler atber and three times a day in summer for at
least two weeks. If water restrictions prohibisthprovision must be made for the use of alternate
water sources.

Plugs or sprigs

Laying full vegetative turf works well but can bepensive. In areas with only patchy areas of bare
salty ground, a much cheaper option is to re-glasitthe problem areas with plugs of salt tolerant
grasses—Ileaving untouched the areas already gr&seckess will depend on regular irrigation, and
protection from heavy traffic for a minimum of 1®12 weeks.

Seeding

Seeding is now an option following the releasenefseede®. vaginatum cultivar ‘Sea Spray’. Seed
of Sea Spray, however, is very expensive (>US$4E&geand supplier recommendations are to sow
45 kg/ha. At this point in time seeds of this vgrieave not been available in Australia in large
enough quantities for trial work to establish tffeciveness of this method of establishment. Once
available, further work will be required in partiauto maintain better moisture around the seagl (e.
hydroseeding).

Care of New Turf
Rope off the area to discourage traffic in thet fiesv weeks if possible.

New turf requires a properly set up and uniformrdger irrigation system. All sprinkler heads must
be checked to ensure that they are in good workidgr. The system must deliver a uniform volume
of water across all parts of the site. Applied wateuld not be high in salts, particularly on elay
based sites. Recycled water is generally accepbablmonitoring water quality is essential. The
quantity of water applied should exceed the evapspiration rate of the grass by around 10%, with
the aim to leaching salts down the profile and afway the root zone. Water daily to encourage root
growth in the first 14 days. For the slower growaysia species this should be extended to 21 days.

After three to four weeks, irrigation intervals niag extended, dependant upon visual inspection. A
slightly higher volume of water can be applied he@irage the development of a deep root system.
Continue with irrigation for 2-3 months to ensuud &stablishment and deep root development.
Routinely check that the irrigation system is ofiatpeffectively (e.g. check the alignment of the
system and for nozzle wear).

Spot-spray grass weeds with registered herbicidéhéochosen turfgrass.

Fertilize with 50 kg N/ha of quick release nitrogmrery three months in the first year (giving atot
of 200 kg N/halyear). Roll after the grass is dighbd (several months). Topdress to level if respli

Monitor the site closely for signs of compactiorhis can be alleviated by routine Verti-draining or
the use of other decompaction devices.

Monitor the site regularly for signs of salt build. If salt levels appear to increase, apply ati@n to
remove salts from the root zone (similar to whengite was being prepared).

If grass shows signs of wear stress, where possidpe off the area, ensure irrigation is adeqaate
apply fertiliser with an N:P:K ratio of 3:1:2.
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