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MEDIA SUMMARY

Despite providing a number of environmental besefitrf is sometimes viewed unfavorably
by consumers, business and government in relatoitstenvironmental credentials. This
appears to be unjustified as turf undoubtedly pEs=sea number of qualities that improve the
environment (particularly in urban areas) and also plays a critical role in a number of

environmental and ecosystem processes.

The Australia turf industry commissioned a repost comprehensively review turf's

environmental credentials.

The study Review of the Environmental Benefits of Turf

(TU12017) was a levy funded project commissionedugh Horticulture Australia Limited

(HAL) and conducted by private research provider3gience Australia Pty Ltd.

This project conducted a review of literature insialia and internationally in order to distil

a comprehensive list of the environmental benefitsirfgrass (see table below).

Summary list of the environmental benefits of gquass

ATMOSPHERE
QUALITY BENEFITS

WATER QUALITY
BENENFITS

LAND QUALITY
BENFITS

OTHER BENEFITS

Air pollution control/air

guality improvement

Oxygen generation

Dust prevention &

stabilisation

Carbon sequestration and

sinks

Water filtration and
purification

(phytoremediation)
Water run-off reduction
Rainwater harvesting &

entrapment - groundwater

recharge

Reduction in nutrient

movement & loss

Erosion control

Soil improvement and

restoration

Biodegradation of
synthetic organic
compounds

(phytoremediation)

Alleviating heat island

effects

Noise and glare

reduction

Fire prevention

Biodiversity and

ecosystem services




The review incorporated all available refereed gstfic/academic) and non-refereed
(industry journal/magazine) articles to identifyykenvironmental claims. These claims were
then critically assessed in terms of whether thewes sufficient supporting scientific
information and, conversely, where further reseascrecommended. The final results will
also be presented in a summary document that casdekas a practical guide for the industry
in order to inform future levy investment decisiarsd will also be distributed electronically

to all levy payers to assist them with their indival marketing and promaotion activities.

In assessing the environmental functions of tuakgrthe reviewers identified key areas where
turf is well supported and widely recognised asvgliog significant benefits; areas where

there is solid evidence but less recognition fof grass as an environmental solution; and
areas where turf's capabilities are obvious buk lagorous or consistent quantitative results

and therefore warrant further attention.

The review was undertaken to assist the turf inglugi better market its product into
environmental markets and to assist in prioritisfaoture research investment. For more
information or to download copy of the report catta Turf Australia

www.turfaustralia.com.au
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TECHNICAL SUMMARY

This report documents the process, findings andmetendations of a comprehensive
literature review to determine the environmentaldfts of natural turf grass and the extent
for which the claims are supported by rigorous aedein Australia and internationally. Gaps
in the literature have been identified and form biaesis of the list of recommendations for

further research.

The methodology for this report involved conductandesktop study over a six month period.
This process involved the identification, colleatiseview and summary of a wide variety of
sources of literature including national and in&ional research as well as peer-reviewed
and non peer-reviewed publications (i.e. scienjdiernal articles, industry publications and
government reports). This information was critigadelected and analysed to separate that
based on robust scientific evidence from matergeell on opinion in order to determine the

degree extent of, and rigour behind, claims of emmental benefit.

The environmental benefits of turf grass have beategorised into four groups: 1).

Atmosphere Quality, 2). Land Quality, 3). Water (yaand 4) Other Environmental

Benefits. Atmosphere quality benefits arising freumf grass include: carbon sequestration,
oxygen generation and air quality improvement. &vajuality benefits include: rainwater
entrapment, filtration and purification, flood cosit and runoff reduction. Land benefits
include reduced nutrient loss, heat island effdi@viation and erosion control. Other
environmental benefits are reduced noise and glalletion and increased biodiversity via

habitat creation.

The literature reviewed presents a convincing daséurther research to be conducted into
the beneficial use of turf grass for environmengalrposes. It encourages a more
encompassing view of turf grass and outlines thsaes it should be viewed for the benefits
it provides beyond the aesthetic. Overall, it é&ammended that further research is
conducted within Australia. Independent researcbukh be conducted to minimise any
potential bias (or perception of bias) that maysarias the existing evidence on the
environmental benefit of turf grass is at times mmbus or inconclusive. Future research

should be based upon the existing research methgids| however further studies should




standardise turf grass plot size, measurement,utitee scales and methods used for

measurement wherever possible.

PROJECT OUTPUTS LIST:

1. A literature review of the benefits of turfgrasisigtReport);

2. A summary document to inform the industry to makeife research investment
decision and for levy payers to use within theisinesses (Appendix 1);

3. Mediarelease x 1 (Media Summary to be sent oatedia outlets upon approval of
final report by HAL);

4. Turf industry newsletter article x 1 (Media Summasoype sent to Turf Australia);

5. A presentation at future industry forum/confere(ite be presented at next Turf IAC
Meeting, November 2013, Cleveland, QLD).
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1 INTRODUCTION

The turf grass industry is significant in Australigth approximately 240 levy-paying turf grass
primary production enterprises that grow, harvesl, and in many cases install turf grass (HAL
2012). Although a definitive value for the industrgmains elusive, all estimates provide a
relatively high economic value to Australia. Thesage from Australian Bureau of Statistics
(2001) estimate of $147.7 million per year to thieloAis et al figure that valued all turf grass
related products, services, sales and maintenaragpeoximately $1 billion per annum (Aldous
et al., 2007). The industry itself settled ongufe of $188.4 million based on leviable production
area multiplied by an agreed average sale pri§&® gler sg/m (HAL 2012).

What is undisputed is that turf gr&éds an abundant part of the environmental landscape
particularly within urban and suburban areas. IrstAalia turf grass commonly includes
various cool and warm season grass species suamliffato grass, zoysia grass, green couch,
blue couch, kikuyu, tall fescue and carpetgrassrf @rass is generally grown in turf or sod
farms and is then cut, transported and laid onva aea which has ideally been prepared
earlier (Beard, 2005). The turf grass sod is maieth through watering and sometimes
fertilisation until it is established (formation af root system). Once established, turf grass
can be used for its desired purpose such as idemsal, commercial and industrial areas, for

use in schools, open space areas, roadsides ngpietds or parks and gardens.

Grass is a naturally occurring plant, however, humanipulated turf grasses have enhanced
the quality of our built and natural environments fhore than 100 years (Beard and Green,
1994). In the past few decades, urban and subwatess have developed at unprecedented
rates (Golubiewski, 2006) which has led to the eased use of turf grass in residential,

industrial, commercial and sporting areas (Qian Botett, 2002; Milesiet al, 2005). In

recent years turf grass has gained a negative inespecially in the face of environmental

ITurf grass is a ‘species or cultivar of grass, Ugud spreading habit, that is maintained as a edvwurf (Beard, 2005)
and is the ‘surface layer of fields and pasturessisting of earth containing a dense growth o$gga with their roots; sod’
(William Collins Sons and Co Ltd., 1987). Grass pdaare low-growing monocots which are comprisettatbes, stems and

roots (Michigan State University, 2004).

2 For the purposes of this report turf grass referthée natural variety (not artificial) and enviroemtal benefits which arise

once the turf grass sod has been transplantedssaiolished.




uncertainty as maintenance practices can have tdtgradverse environmental impacts due
to chemical pollution, water usage and greenhoaseegissions (Higginson and McMaugh,
2008).

However, turf grass does provide many benefits inave been enhanced as a result of
improvements in quality and variety development pted with the utilisation of new
management techniques and technologies (HigginsdnivicMaugh, 2008). These benefits
can be grouped into three categories as outline®dnrd, (1994) and Beard and Green,
(1994) which are; functional, recreational and laetst benefits. Recreational benefits refer
to physical health, sporting, leisure and socialdfiés. Aesthetic benefits include quality of
life, mental health, well-being, social harmony amgbroved productivity (Beard and Green,
1994). Functional benefits are comprised mostlgmfironmental benefits which provide a
positive effect on the natural environment sucheassion control, flood control, dust
stabilisation, oxygen generation and fire prevemtib is acknowledged that there are many
economic, social and health benefits that arism filwe use of turf grass. However, this report
will focus solely on the functional or environmdnb&nefits (Beard, 1994; Beard and Green,
1994).

These environmental benefits of turf grass are lyiteuded by academics, scientists and
industry professionals alike. This report will seekdentify all of the environmental benefits
arising from the use of turf grass and criticalkamine the extent to which these claims are
supported by scientific evidence. It will focus t¢ime environmental benefits relating to
atmospheric, water and land quality, including gnsuch as: oxygen generation, pollution
absorption, noise reduction, soil erosion mitigaticarbon sequestration, greenhouse gas
reduction and increased biodiversity. This repeill also outline potential research
recommendations and will provide a framework foe tAustralian turf grass industry to
prioritise future research investment by highliggtiareas that require further attention or

more rigorous scientific examination.

This review was undertaken over a seven month ghesio a part-time basis and directly
addressed the priority activity listed within taustralian Turf Industry R&D Strategic
Investment Plan (SIP) 2012-2017 ‘A plan to drive tjrowth and sustainability of the
Australian turf industry(HAL 2012) under the extension section for compietin 2012/13:
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Strategy 3.1 Environmental Data and Information
Collect and maintain a resource of information whaetails the relationship between
Turf and the environment (e.g. in areas such ab@aisequestration; water use;
microclimate impact; erosion control).
This activity was also listed as two of the sevecommendations for action from the SIP
process; to commission a comprehensive desk adidielevant studies in Australia and
overseas. This report forms part of the deliveratdquirements for project TU12017
produced as one of the following project outputs:
1. Aliterature review of the benefits of turfgradsigtreport);
2. A summary document to inform the industry to makteife research investment
decision and for levy payers to use practicallyhwitheir businesses;
Media release x 1,
4. Turf industry newsletter article x 1;

5. A presentation at future industry forum/confere(iteequired).




2 ENVIRONMENTAL BENEFITS OF TURF GRASS

The environmental benefits in this report have beategorised into four areas of 1)
Atmosphere Quality, 2) Land Quality, 3) Water Quyalknd 4) Other Benefits. Atmosphere
Quality Benefits arising from turf grass includariloon sequestration, oxygen generation and
air quality improvement. Water Quality Benefits lumbe: rainwater entrapment, filtration,
purification, flood control and reduced runoff, gnamlwater recharge and sediment catchment.
Land Benefits consist of a reduction in nutriergisloheat island effect alleviation and erosion

control. Other Benefits reduce noise pollution glade and increased biodiversity.

2.1  Atmosphere Quality Benefits

It is critical that atmospheric quality is maintathto reduce the potential environmental and
human health impacts associated with decreasedquity and air pollution. The
anthropogenic and natural sources which contributee degradation of atmospheric quality
are many and varied and have been well documentad. grass has the potential to provide
atmospheric quality improvements such as air poltutcontrol, oxygen generation, dust

stabilisation and carbon sequestration.

2.1.1 Air pollution control/air quality improvement

Air pollution is the ‘introduction of chemicals, gigulate matter or other biological materials
that cause harm or discomfort to humans or otlwangiorganisms... into the atmosphere’
(Creamer, 2012). Natural sources of air pollutisclude some vegetation, volcanic eruptions,
bushfires and dust storms. In contrast, fossil ft@hbustion, aerosols, aircraft and motor
vehicle emissions and industrial/commercial proegessre anthropogenic or human-caused
sources of air pollution (Colls, 2002; Creamer, 20IThese sources and processes can emit
harmful substances into the atmosphere includingocadioxide (CQ), sulfur dioxide (SQ),
nitrogen oxides (NQ), volatile organic compounds (VOCs) and particulatatter (Colls,
2002; Creamer, 2012).

Air pollution has serious human health implicati@m&l can lead to incidences of respiratory,
heart and lung diseases which are estimated tailoot® to two million deaths, per year,
worldwide (Gunjaret al, 2010; Creamer, 2012). Air pollution can alsovéhaserious
environmental impacts including ozone depletiorgreased concentrations of greenhouse
gases, ocean acidification, plant injury and tissbanges (Creamer, 2012; Gungr al,
2010).

4 A review of the environmental benefits of turf



Turf grass and vegetation can control air pollutma act to improve air quality by absorbing
pollutants, smoke, dust and dirt particles from #gtmosphere (they can also prevent air
pollution through dust stabilization) as turf geess$rap particulate matter in the grass blades.
Turf grass absorbs GQ@s an input along with light energy for photoswsis which reduces
the carbon abundance in the atmosphere (Should®&&9) and releases oxygen as a
byproduct (Shoulders, 1989). Turf grass can alsaae smog pollution through the process
of evapotranspiratioh(Rosenfelcet al., 1998).

The environmental benefit of controlling and redhgcair pollution is not however isolated to
turf grasses and occurs with other types and spaxfieregetation. To date there is little

quantified information about these processes aa@xient of the role that turf grasses play.

It is recommended that the amount of air pollutionreduction capabilities of turfgrass be

more comprehensively measured and compared to thele of other vegetation types.

2.1.2 Oxygen generation

Turf grass like all other vegetation species isaggified as a photoautotroph, meaning that it
ulitises a carbon and energy (light) source to ugal¢he process of oxygenic photosynthesis
(known simply as photosynthesis). Photosynthesia process in which turf grass plants
absorb and breakdown atmospheric,@&0d water to an energy source. Energy is generated
from this process and organic products and oxygerpeoduced as byproducts (Spikes and
Mayne, 1960). These organic products are used dyuith grass plant for growth while the
plant is releasing oxygen into the environment @thkke, 1990). Oxygen is consumed by
humans and animals for breathing, who in turn Iwxeaut CQ and start the cycle agath.

The oxygen generation from turf grass is claimegl&y a significant role in fulfilling human

oxygen requirements. For example, a US basedjtads research group has claimed that a

* Evapotranspiration is a process which trees amtpladergo; they absorb water through their rgstesn and emit it as
vapour through their leaves, which provides a capéffect (Gartland, 2008).

*Where the turf grass plant uses g€arbon dioxide), 25D (water), and light to produce GBI (organic products) plus,B
(water) and @(oxygen) (Spikes and Mayne, 1960).




2500 square foot (~23Znarea of turf grass is able to absorb and releaseigh C@ and
oxygen for a family of four (The National Turf geafResearch Initiative, 2003). Another
study estimated that the oxygen needs of one pdmoone day are provided for by a 25
square foot (~2.3f area of turf grass (Watschke, 1990). An areab6fdcres (~60ha) of turf
grass provides enough oxygen for 7,000 people (AaeiSociety of Golf Course Architects,
1990).

That turf grass produces oxygen through photosgighe indisputable. What is less certain is
the parameters around turfgrass and its role withis process. The literature does not
provide information on how many of these resultsemgbtained, what methods were used,
how they were measured or modeled, what grasses tested, under what conditions (e.g
season, maintenance regime) and what assumptiors mvade in regards to relatively
baseline information such as the assumption of twoygen much oxygen one human requires
per day. Often the statistics available do nots®tine information correctly or at all in some
instances. Additionally, the claims from the abmtadies are produced by the turf grass
industry and are only present in industry sponsprddications or those published directly by
the industry body such as the American Society aif Gourse Architects and The National
Turf Grass Research Initiative. As the turf grasiustry has produced these documents there
may be the potential for bias regarding the role of gwass and if not, there is certainly the

chance of th@erceptionof bias.

Greater evidence is needed to quantify the amountf @xygen generated by turf grass
and the relative importance of that function generddly and more specifically in areas

such as cities and suburbs.

2.1.3 Dust prevention & stabilisation

Dust refers to ‘particles of earth or other matterall enough to be raised and carried by the
wind’ (Jackson, 2009). Dust particles exist in wagysizes and are generated from natural or
anthropogenic sources including bacteria, sea salgetation, soil and fungi (Western
Australian Department of Health, 2010) or from wdhiexhaust, mining, farming activities
and un-surfaced roads (Inyang and Bae, 2006). Barsthave a harmful impact on human
health and the amenity of residents (Western AlistrdDepartment of Health, 2010) as it
poses health risks such as aggravating asthmacedna conditions and through spreading
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infectious (Jackson, 2009). It can also contaireale causing microorganisms such as
aspergillus which attacks the human sinus and @&en&rvous systems (Inyang and Bae,
2006).Dust can also cause or contribute to environmepablems such as water pollution

and sedimentation (Aird, 2011). The threat of dogiacts is increasing in many areas due to

the population expansion and infrastructure devakam (Inyang and Bae, 2006).

The prevention and stabilisation of dust is neagsta mitigate or minimise the negative
human and environmental health impacts associai#tdits movement. Turf grass releases
relatively small amounts of dust compared to theam of dust released from bare areas
devoid of vegetation (Shoulders, 1989). The corfalust can be achieved through capture
and suppression by using vegetation and soil cogersuch as turf grass which slows the
wind velocity and prevents dust particles from berw detached and airborne (Aird, 2011).
Particulate matter falls from the atmosphere (Wetsc1990) and turf grass has been cited as
trapping around 12 million tons of dust and dirt gear (Watschke, 1990; Tuton, n.d.) in
between its leaves (Shoulders, 1989). These emdaparticles are then moved via rainfall to
enter and become incorporated (secured) as pdnediving soil system (Watschke, 1990).
This figure does not provide the full information the amount of dust trapped from turf
grass and excludes information on whether dustajsped at a worldwide or national/local

level.

The benefit of dust stabilisation and preventionn limited to turf grass, and other
vegetation species also have the ability to cordrmt. The benefit of turf grass to stabilise
and control dust, although undoubtedly real, isrentty more assumed than based on a

substantial amount of quantitative scientific evice.

Further research into the ability of turf grass to stabilise dust should be conducted
especially in regards to the amount of dust per yeaand over the lifespan of turf grass
compared with other vegetation types and/or bare $lo Research could also determine
how the rates of dust stabilisation occur throughotithe life time of turf grass and if
rates are reduced as the turf grass ages or indeaddiffer under different maintenance

regimes.




2.1.4 Carbon sequestratior& sinks

CO, is a greenhouse gas and is part of the greenteftset. The greenhouse effect is a
naturally occurring phenomenon which is essentalrhaintaining life on Earth however,
anthropogenic sources and processes such as thieduof fossil fuels, land use change and
deforestation (Lal, 2007; AAS, 2010) have contrdauto the ‘enhanced greenhouse effect'.
The enhanced greenhouse effect increases the d¢wmimem of greenhouse gases in the
atmosphere which increases the affects of theradihtion from the sun, which has been
attributed to accelerating climate change and islély believed to be responsible for the
observed increase in global mean temperaturesghrthe 20th century’ (IPCC, 2007; BOM,
n.d.). Scientific evidence supports the adventlwhate change as climate change impacts
such as increased temperature, sea level risegatsad water availability, snow and ice cover
are increasing in frequency (IPCC, 2007; AAS, 2008IRO and BOM, 2010)These
impacts have been rigorously examined at lengthpms# a serious thrett human health,
quality of life, economy, society and the enviromn@PCC, 2007; Lal, 2007; AAS, 2010;
BOM, n.d.; CSIRO and BOM, 2010).

Firstly, turf grass has been claimed to have a thaegampact on atmospheric quality as
managed turf grass systems (as would be foundlfncgarses, public parks, sport fields or
even domestic gardens) require irrigation andlfgstion to enhance plant productivity (and
therefore impact carbon storage). Additionallyuidertaking the maintenance of these areas,
it is claimed that soil and greenhouse gas emisstan sometimes be increased for example
with the use of fuel for machinery (Townsend-Snaid Czimczik, 2010; Selhorst & Lal
2011). There is evidence to suggest that the cgpalcturf grass to sequester carbon can be
greatly reduced if it is not being maintained atogtimum level (Higginson and McMaugh,
2008). CQ and other greenhouse gas emissions associatetlviitirass maintenance can be
reduced through improved machinery maintenanceh@alsan, 2009), reduced maintenance
requirements and reduced fuel use and mowing fre;yugCathey, 2003; Power and Aldous,

2007; Hood, 2008). In addition, reducing fertilisese, increasing aeration (Power and

®Sequestration ‘noun’ is the ‘act of sequesteringtafe of being sequestered which is to (verb) wenow separate to retire

into seclusion’ (William Collins Sons and Co Ltd9817).
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Aldous, 2007), landscape design, growth regulaiBrisshnahan, 2009) soil preparation and

irrigation types (Cathey, 2003) can also reducermeuse gas emissions.

Carbon sequestration is one of the strategies ftigating climate change (Lal, 2007) and is
considered a critical activity for decreasing atptesic CQ levels (Smithet al., 2009).
Carbon sequestration is the long term storage of (Ef@arrison, 2011) and has been defined
by the IPCC (2001) as being the ‘addition of a sase of concern (carbon) to a reservoir’. It
occurs when ‘a positive dis-equlibrium is sustaiogdr some period of time, with the system
eventually achieving a new, higher steady-statst(@a et al.,2007). Turf grass can be used
as a method to mitigate climate change as it lmpadkential to act as a carbon sink for carbon
sequestration through the process of photosyntliSsistainable Gardening Australia, n.d.),
nutrient cycling and soil organic carbon accumolat{Qian and Follett, 2002; Milest al.,
2005; Bartlett and James, 2011). In short, turbgi@an be used as a carbon sink as it absorbs
more CQ than it releases (Hutt al.,2008).

Turf grasses have been argued as being an effectiben store (Gillettet al.,2011) if they
are managed efficiently (Baird, 2011). The abibfyturf grass to sequester carbon could be
attributed to its lack of soil disturbance and hgductivity (Qian & Follett, 2002). Many
studies (Jo and McPherson, 1995; Qian and Fo##8@2; Huhet al., 2008; Griffith, 2010;
Zirkle, 2010; Zirkleet al, 2011) have enquired into how turf grass can kel der carbon
sequestration and conclusions drawn from thesaestuthve supported that turf grass is a
successful medium for carbon sequestration. Stuzbeslucted by Qian and Follett (2002)
and Sahu (2008) concluded that carbon sequestratioiirf grass soils occurred at a
significant rate (Qian and Follett, 2002) ‘thataemparable or exceeds those reported for
native grasses’ (Sahu, 2008). Zirkle (2010) foulnalt turf grass is a positive net sink for
carbon which has been claimed to hold up to 3 temfiecarbon per year for 30 years in one
hectare of turf grass (Layt, 2009; Layt n.d.(a)pr®bver, carbon sequestration occurs for up
to 45 years after installation of turf grass anduss at an average rate of 804 pounds per acre
or (~900kg per ha) (Sahu, 2008) with the most rapictease of carbon sequestration
occurring in the first 25-30 years (Sahu, 2008).

Studies have produced positive outcomes in regartheé amount of COturf grass can
sequester. Amounts of carbon sequestration potetiffar based on studies, site and size

selected (refer to Table One). The average sizeseHawn is claimed to sequester ‘four to
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seven times the amount of carbon compared to thgubérom burning fossil fuels using a
typical modern lawn mower’ (Sahu, 2008). Sahu a&lsamed that turf has the potential to
sequester carbon at a rate of one ton per hecargear (1 t hdyr %) or at 1.0 to 0.9
megagrams of carbon per hectare per year for 2a@bs (Qian and Follett, 2002). Carbon
sequestration in home lawns is at a rate of 0.18&lIgr for 40 years (Pouyat al.,2009) and
can sequester between 20.3kg and 163.4kg of cadaolawn per year (Zirklet al, 2011) or
10 tons of carbon per acre for a 12 year periodff{tar 2010). A study conducted on a golf
course in New Zealand concluded that the golf e@sexqquestered 28t/ha over 40years (Huh
et al., 2008). Soccer fields of more than one acre in s@eremove a carbon equivalent of
driving a car over 3000 miles (~4828 km) (Harris@@11). Turf grass in urban landscapes,
in the USA, has the potential to sequester 12 tonilbon tons of carbon per year during a
25-30 year time period (Qian and Follett, 2002).

Along with carbon sequestration, turf grass alss th& ability to absorb other atmospheric
greenhouse gases and gaseous pollutants from theachiding carbon monoxide (CO),
methane (Ch), sulfur dioxide (S@), ozone (@), hydrogen fluoride (HF) and peroxylacteyl
nitrate (GH3sNOs) (Watschke, 1990). A study conducted by GladorghBr and Christians
(1993) used several varieties of turf grass to skimvabsorption and release rates of CO.
Results showed that in particular Tall Fescue Ihadgreatest ability for CO absorption and
could be used the absorb CO from ‘environments wathgreater than normal CO
concentration e.g. those often found in urban emarents such as roadsides (Glagoral,
1993). Bacteria found in soils are the largestdgmal sink for traces of CH(Groffman,
2009). A study conducted by Talea al. (1997) demonstrated that ‘the simulations also
indicate that the net effect of increased urbanetagn is a decrease in o0zone
concentrations’ this study was mostly conductedtlon use of trees as urban vegetation,
however turf grass undergoes the same ecologioakpses as trees, such as photosynthesis,
so the net outcome would be similar albeit at dgffik magnitude.

In many instances the carbon generated from maregepnactices such as mowing is not
fully considered in the literature although there axceptions (e.g. Cushnahan 2009; Singh
2007). It appears likely that the maintenancemegwill change the net carbon sequestration
equation and will influence the scale of benefithiavable. Singh 2007 listed some key
management strategies that, when implemented ce@ &sasignificant positive impact on

sequestration capabilities. These were to limistipele applications; reduce nitrogen
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application rates especially when the area has bstblished for over 10 years; and to use

organic fertilizers.

Carbon sequestration and greenhouse gas reduetiea can be optimised if the soil is
healthy and fertile. Healthy and fertile soils da@ gained through improving ribosomes,
leaves and root systems, managing grass correetlycing chemical inputs, using organic
chemicals and having biologically active soils (E€agss, 2008; Griffith, 2010). The largest
amounts of carbon storage have been claimed tor @iconell managed turf grass which is
regularly irrigated, maintained and mowed in a nearthat does not disturb the root zone
(Sahu, 2008; Layt, 2010). The return of grass atigp onto the turf grass surface (mulch
mowing) can reduce soil erosion, increase wataltretion and soil enrichment (Roberts,
1991) and can produce higher intakes as the breakdbd grass clippings produces nitrogen
(N) which is needed for nitrogen nutrient recyclhgyt, 2010).

Higginson and McMaugh claimed that if carbon setraéien is done efficiently and
effectively it could potentially generate econongain for turf grass growers through an
emissions trading scheme (ETS) (Higginson and MaWa2008). However, at this point in
time it would be unlikely that turf grass could geste a net income from its role in carbon
sequestration under any of the proposed federahses planned for Australia.

Turf grasses undoubtedly sequester carbon, hovaaligl scientific evidence in this area is
lacking especially in warmer climatic areas. Tls¢éineates available vary greatly and are
often difficult to interpret, standardize or extodégte more broadly. Current data available on
turf grass carbon sequestration is inconsistergemain and indefinite which is highlighted
by the figures in Table 1, comparing the claimerbga sequestration rates of turf from the

studies identified in this report.

More research is required to gain an understandingf these figures and their effects on
reducing CO, in the atmosphere. Additional effort is required to determine the actual
rates and the quantity of carbon sequestered by tdirgrasses, by different turf types,
different soils, being used for different purposeqe.g. golf courses versus a roadside
planting), in different climate areas and most paricularly for grasses under different
maintenance regimes. A life cycle approach to detsiining the net carbon equation
(including production and transportation) for turfg rass would also be welcomed.

Table 1: Table showing cited carbon sequestraatesrfor turf grass in different studies.
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Figures standardised into

Figures cited in literature Reference
Australian metric units
Golf courses sequester 28t/hal/yr over a | 28,000kg/halyr for a 40yr period Heth al, 2008
40yr period
Sequester carbon at a rate of 10t/ac/yr for24,752kg/ hal/yr for a 12yr period Griffith, 2010
12yr period
Average net carbon sequestration in 3,672 kg/halyear over 12 years Singh 2007

Kentucky Bluegrass over a 12 year perig
10tons/acre

d

1lha of turf grass can sequester 3t of carb

on
3,000kg/halyr for 30yrs

Layt, 2009 and

per year for 30yrs Layt, n.d.(a)
Carbon sequestration occurs at a rate of| 1,000kg/ha/yr for 25-30yrs Qian and
1t/halyr for 25-30yrs Follett, 2002
Sequester 1.0 to 0.9 megagrams of carbpfi00 - 1000 kg/ha/year over 25-30| Qian and
per hectare year during a 25-30 year timgyears Follett, 2002
period
Sequester 80.6 — 183.0 g Clyear 830kg/ha/yr — 1830kg/halyr Zirlae al,
2011

0.44 Mega grams per hectare per year o

golf courses in Ohio

n440 kg/hal/yr for 91.4 years

Selhorst & Lal
2011

Sequestration in turf grass occurs an

average rate of 804lb/ac

900kg/ha

Sahu, 2008

Soccer fields in one acre removes the
carbon equivalent to driving a car over
3,000 miles

Soccer field of 0.40ha removes th
carbon equivalent to driving a car
over 4,828km

eHarrison, 2011

Average sized home lawn is claimed to | n/a Sahu, 2008
sequester 4-7 times the amount of carbgn

compared to the output of a typical modern

lawn mower

Carbon sequestration occurs in home | n/a Pouyaet al,
lawns is at a rate of 0.18Mg/ha/yr for 40 2009

years
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2.2 Water Quality Benefits

Water usage and turf grass maintenance practices bfien been viewed as having a
negative impact on the environment. As turf grasa living plant, most varieties requires
irrigation for survival especially during estabimsént of the turf grass sod (Roberts, 1991). If
water is withdrawn from turf grass it can lead &xibased turf grass quality, increased weeds,
pests, diseases, salinity, hardness, shear ane@museavfacing and ultimately death (Connellan
2013, Power and Aldous, 2007). Two key inputs negilifor turf grass survival include water
for irrigation and periodically chemicals such a&sfcides and fertilisers. Historically, these
inputs are often associated with excess usagerandeaved as contributing to environmental
problems in surrounding areas and waterways. Tradgjis seen to have excessive or ‘luxury’
water requirements particularly in areas where nogtti performance is required such as
sporting fields or golf courses where turf grass adconsumption far beyond need [beyond
survival requirements]’ (Kneebone and Pepper, 198A)rf grass has been cited to lose as

much as 10 litres of water per square metre pek\{2eiry, 2003).

Undoubtedly, water requirements of turf grass vdepending on user requirements and
expectations. For example, a residential lawn reguiar less watering and upkeep than turf
grass used for a bowling green. There is some epe@t suggest that if the application rate
of water increases, turf grass can adapt to thisiacrease the amount of water it uses or
‘needs’ (Kneebone and Pepper, 1984). Over-irrigatfolargely attributed to human error,
miscalculation, poor landscape design or impropggation practices through ignorance or
poorly designed, maintained or scheduled irrigasgstems (Beard and Green, 1994; Sports
Turf Managers Association, n.d.). In many cases parception and the practice of over-
irrigating turf is based on a vague understandihghe plant's water requirements at any
given point in space and time. Over-irrigation motly wastes water but it can have a
negative impact on the turf grass plant itselftasan impact upon growth and nitrogen uptake
(Poulter and Dahler, 2010).

A study conducted in Australia during 2006-07 fouhdt the turf grass industry used an
average of 6.5 megalitres per hectare of turf grafls a total water consumption across
Australia of approximately 34,668 megalitres (Aldai al, 2007). Although water usage is
perceived as being excessive, actual water usadanidscape irrigation is 10% of total water

usage (Beard and Green, 1994) compared with 47%ddcultural purposes (Beard and
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Green, 1994). However, there is no published s@iemtata to support the claims that turf
grasses are a higher water user than trees orss(Belard and Green, 1994). In comparison to
other vegetation types (trees and shrubs), tugsghas been found to use less water on a per-
unit land-area basis (Beard and Green, 1994) gso&amspiration rates increase as leaf area
increases (Beard and Green, 1994). Turf grasslesesvater than other landscaping plants
using 109mm/year versus 254mm/year for landscaptants as after establishment
landscaping plants water requirements and watecasinue to rise whereas turf grass water

use stabilised after establishment (Carson, 2007).

Water conservation advocates for the utilisation lodtter management techniques
(Cushnahan, 2009) and environmental managementgmag (Higginson and McMaugh,
2008) which must be based on sound science as,aafteint, reduction in water inputs can
result in a decline of ‘turf grass performance dne associated benefits’ (Carrow, 2006).
Total water usage can be reduced by up to 50% (BhaBar et al., 2009) if best
management practices are used, i.e. inputs areeddand turf grass is partly shaded. Water
use can also be minimised if reclaimed wastewagt&ywater or recycled water is used for
irrigation (Beard and Green, 1994; Hood, 2008). ¥&aater often does not affect the growth
of turf grasses and is priced at about half thapatbble water, with cost savings cited as
averaging about $8000/ha/yr for a typical sportiigdd in 2006 (Menzel and Broomhall,
2006). Other techniques for minimising water inéutie appropriate selection of turf grass
species e.g. those which are resistant to droudisease and shade and with lower
evapotranspiration rates (Beard and Green, 199the§a2003; Power and Aldous, 2007,
Higginson and McMaugh, 2008; Cushnahan, 2009; Kee&8)09) and by watering turf grass
deeply and less frequently (Sports Turf Managersoéstion, n.d.). Recent research has
found that some specific cultivars of turf grasa talerate poorer quality water than many
other vegetation types and can be used to disdogese lower quality water sources (such
as treated sewerage wastewater and landfill leaglaat turf grasses are able to absorb and
accumulate harmful elements and heavy metals in tiemass (Gabka and Wolski, 2011).
Controlled irrigation systems can be used to mis@mivater usage as they schedule and
monitor water usage at a rate which does not exceédrass actual requirements (Higginson
and McMaugh, 2008).

The second key input for maintaining turf grasshismical use. The use of chemicals for pest

management and fertilisation can intensify the piddly adverse environmental impacts
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such as sediment runoff, soil erosion and chemeathing (Higginson and McMaugh,

2008). Similarly, the use of fertilisers and pdgis could potentially be a significant source
of pollution to local water supplies (Gross$ al, 1990) and drinking water sources when
applied in excess (Zhu, 2003), at the wrong timenothe wrong way (Beard and Green,
1994). Nitrate leaching may also be a problem tifogien fertilisation does not account for
turf grass age or the return of grass clippingg@iison and McMaugh, 2008).

Turf grass has a dense root system which is ableffiaently use nutrients and water,
limiting the amount of chemicals and irrigation weed (Higginson and McMaugh, 2008).
This root system also reduces runoff and allowstler infiltration of soil resources (Beard
and Green, 1994) and aids in increasing pest agsistin turf grass (Roberts, 1991). This
means that only an insignificant amount of nutsewbuld pass through the root zone and
into water bodies from appropriately managed tuefaa (Beard and Green, 1994). Best
management practices, integrated pest managemented@dmcation can be used to help
overcome problems associated with chemical usagiéf &unf grass is managed appropriately
and effectively, the amount of fertilisers requiredn be reduced as can the mowing

frequency and energy requirements (Hood, 2008).

2.2.1 Water filtration and purification (phytoremediatipn

The amount of water on Earth today is the exactesamit was before human civilization
began (Postel, 2011). Water is an essential resqgeded to maintain all life on earth. The
benefits of water are extensive and range fromkdrgn water to sustaining fisheries and
generating hydropower (Postel, 2011). Turf grabse® a large above ground biomass which
gives time for rainwater to be effectively infiltesl into the soil and into groundwater
supplies and helps protect and improve water qu@ieard and Green, 1994). Turf grass can
reduce factors degrading water quality such asesgfddp soil (Smith, 2011) and can slow
down runoff and trap pollutants, sediments (Minmedoepartment of Agriculture, 2012) and
heavy metals (Layt, 2010), preventing them froncthéag into adjacent water bodies. Water
purification occurs when water is leached througle turf grass root zone and into
underground aquifers (The Lawn Institute, 2009ben it is run over grassed areas as the
leaves trap suspended solids and sediment ma{Sfialulders, 1989). Rainwater that has
been filtered by turf grasses is up to 10 times &3dic than water runoff from a hard surface
such as concrete or asphalt (The Lawn Institute920
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Turf grass is used in food processing industry agethod of cleaning wastewater before it is
discharged into natural water bodies (Shoulder8919 Similarly research conducted by
Loch et al confirmed and quantified turfgrass ealts’ salinity tolerance for their use in

saline situations (such as canal and coastal dewvelots) and also in areas where lower
guality, saline water was in use such as the use Wwater and treated wastewater on golf

courses (Loch et al 2006).

Turf grass appears to be successful in the purifi¢eon and filtration of rainwater
supplies via the process of phytoremediation. Moreesearch is warranted to quantify
the amount of rainwater that can be filtered and puified in Australia especially in
relation to site remediation work as well as WaterSensitive Urban Design (WSUD)
principles being increasingly employed by urban loal authorities. Research into other
commercial and industrial uses of turf grass to digose of variable quality wastewaters
may also present potential new market opportunitiegor the turf grass industry.

2.2.2 Water runoff reduction

If runoff is not controlled, it can contain polluts, chemicals and pesticides which lead to
eutrophication and contamination of adjacent whatelies including lakes, rivers and streams
which can then create toxic environments or uniithhle conditions for flora and fauna
species (Higgison and McMaugh, 2007). Turf grass@sproduce runoff, however the runoff
from turf grass only occurs in the worst storms levldiompared to other surfaces, runoff
would have occurred much earlier (Pease, 2011ynBStater runoff from a healthy, dense
area of turf grass can be at or near zero, medhatghearly 100 percent of stormwater runoff
is reduced through the application of turf graspetheling on the size of the area and the
intensity of the rainfall event (Minnesota Univeysi2006). Generally speaking, the runoff
produced by turf grass that could lead to contatiineof water bodies is far less than the
runoff contamination from hard surface coveringsigflihson and McMaugh, 2008).
Additionally, the amount of contamination produdesim turf is generally lower (Higginson
and McMaugh, 2008).

Studies prove that turf grass can be an effectieans for reducing water runoff. It has the
ability to resist water runoff and a healthy tugstem can withhold lateral water movement.
It can retain vast quantities of water and hasgh Imfiltration rate of 1 inch (~2.54cm) per
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hour (Shoulders, 1989). A 10,000 square foot ar€20029ha) of turf grass can absorb over
6,000 gallons (~22,712 litres) of rainwater withpudbducing any runoff (Wells, 2005) which
also contributes to flood control. A study undeetalby Gutierrez and Hernandez (1996) to
study runoff and erosion in Mexican grassland aetetl that, in general, ‘surface runoff

decreases with an increase in grass cover'.

Areas of turf grass play a significant role in redweing water runoff and can retain vast
quantities of water. Further research should be coducted into determining the actual
infiltration rate and absorption of turf grass and could be compared between turf grass
species and other ground cover options (such as nohl or hardscape materials). The use
of turf grass for soil water infiltration and flood control purposes could also be

investigated further.

2.2.3 Rainwater harvesting & entrapment - groundwaterhage

Rainwater harvesting or entrapment is an effectiag of reducing water scarcity (Helmreich
and Horn, 2009) and increasing water conservafiter¢er, 2007). Rainwater harvesting or
entrapment refers to the methods or technologied tes collect rainwater and surface runoff
from the roofs of buildings or other catchment acefs, where it is stored for future use
(Helmreich and Horn, 2009; Rattenbury, 2012). Oratewater has been harvested, it can be
used for various purposes including for househatewsupply (Helmreich and Horn, 2009),

irrigation, cleaning and cooling towers (MercerQZ}

Turf grasses are capable of preserving and trappingff and rainwater due to its growth
habitat, dense plant canopy, biomass matrix anthwearm activity (Beard, 1998) enabling
rainwater to be captured by the turf grass systestead of becoming runoff (University of
California, Riverside Turf grass Research Progra®®_2). In turn, this reduces excess runoff
and results in more water for infiltration into theil (Beard and Green, 1994; Beard, 1998;
Sports Turf Managers Association, n.d.). Unsurpghi, a healthy lawn can absorb rainfall
and reduce runoff 80 times more efficiently thahesthuman-made, less permeable surfaces
such as driveways and footpaths (The National §rafs Research Initiative, 2003) and can
absorb rainfall four times more effectively thamay field and six times more than a wheat

field, only a virgin forest can exceed the absanptrates of turf grass (Canaway, 1999).
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Sodded lawns have also been claimed to be 10 tonkE2 more effective at absorbing water
than seeded lawns (GreenMaster, 1991).

The dense plant canopy of mowed turf can act agpange’ by absorbing vast amounts of
water which increases the rate of groundwater mgehand is a very effective system for the
entrapment of water (Beard and Green, 1993). Mamijutants coming from other land
surface types (e.g. asphalt or concrete) can lppdrhin the blades of turf grass which
thereby limits the potential of these pollutantsnirentering nearby water bodies (Beard and
Green, 1993). The biomass of turf grass is compas$dthe-textured stems, narrow leaves
and open spaces. This creates a matrix ranging &@dnto 26,700 pounds per acre (403 to
12,110kg) which is porous and can accommodate wafdiration (Beard, 1998). Water
retention and higher infiltration rates is saicbtdue to the earthworm population residing in
the turf grass ecosystem. Earthworms increase nineuat of space within the soil which
results in higher soil water infiltration rates amdter-retention capacity (Beard, 1998).

Groundwater recharge is enhanced through the yalfitturf grass to slow water, allow
infiltration and thereby reduce runoff enhancingugrdwater recharge ability (Beard, 1998;
University of California, Riverside Turf grass Rasgh Program, 2002). A study conducted in
1985 in Maryland in the USA compared surface wateroff rates between perennial turf
grass and cultivated tobacco systems. Surface wateff losses were 11 times greater in the
tobacco systems than in the turf grass system g&toal, 1990; University of California,
Riverside Turf grass Research Program, 2002). dhitniunoff losses were also greater in
tobacco systems with 240 times more phosphorouar(@)L95 times more nitrogen (N) being
lost. Conclusions from the report state that whemmgared with agronomic row crops,
nutrient and sediment losses from turf via runaffg leaching are relatively low (Grosisal.,
1990).

Extensive research has been conducted on turf grassability to trap rainwater and for
use in rainwater harvesting. However further reseach could be done to find solid

scientific evidence on the infiltration rates andm comparing turf grass types.

2.3  Land Quality Benefits
Land is comprised of soil, water, flora and fauB&dosnijder, 2007). Land of poor quality

which has been degraded can be due to naturaltlmogogenic processes. Natural processes
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include soil erosion, desertification, pollution darsoil degradation (Morgan, 1992;
Stroosnijder, 2007). Land clearing is an human-teduprocess of land degradation and is
‘one of the most significant pressures affecting tland environment’ (State of the
Environment Committee, 2011). Land clearing canehaidespread and devastating effects
on the natural environment as the removal of trpksjts and vegetation cover can lead to
soil exposure to weathering and erosion, compacti@auced fertility, salinity and
acidification. It also exposes soil to the effeatsveathering and erosion which can result in
soil loss, nutrient depletion, reduced agriculturahbility and productivity and can lead to
soil acidification (State of the Environment 201dn@nittee, 2011).

High quality land is needed for a variety of purp@#cluding for growing horticulture crops,
agriculture, housing and recreation. It offers manyironmental benefits including providing
habitat and shade for animal species, managingnticeo-climate of an area, providing
greenhouse sinks for greenhouse gases and providingnts for the soil and the retention of

soil moisture for vegetation growth.

It is important that land quality is upheld to gdhlre environmental, social and economic
benefits. Degradation of land can be counteradtemligh the application of turf grass which
can mitigate and minimise the potential negativeseguences. Turf grass can improve land
quality through reducing nutrient loss, reducingd aontrolling wind and water erosion,
through restoring and improving soil qualityt can also assist with the biodegradation of
organic compounds and mitigate the heat islandceffeducing pressure on energy

consumption.

2.3.1 Reduction in nutrient movement & loss

Turf grass accounts for less nutrient and sedinws#® when compared to other land types
(Higginson and McMaugh, 2008). Sediment and nutrienoff can occur from water running
off vegetation. This can lead to serious environt@ereffects such as accelerated
eutrophication of water bodies, habitat loss, dissib oxygen loss leading to fish kills and
reduction in water clarity (Nemitet al., 2007). It is therefore important to reduce sedimen

and nutrient loss from soils than if these effectsto be avoided.
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A study was conducted to compare soil erosion cbnteasures and sod (turf grass) was one
of the most effective treatments for minimisingiseeht loss (Nemitzt al.,2007). Turf grass
Producers International (2006) stated that ‘a UZRologically Survey funded project
documented that grassed areas established withgtads sod are up to 15 times more
effective in controlling runoff that seed estabéidigrasses’. They also refer to another study
where turf grass was compared to other erosionra@omeasures such as straw, which
concluded that sod has a far better performanae gtraw for reducing runoff rates and total

soil losses (Turf grass Producers Internationad620

Healthy’ turf grass systems have the ability to absortnhgrity of nutrients applied to it as
fertiliser and can minimise the amount which isclead or runoff (Hochmutlet al, 2009).
Turf grasses have a strong and expansive rootrsystéch can enhance the entrapment and
uptake of essential nutrients such as nitrogenaiN) phosphorous (P) (Hochmuh al,
2009; Irrigation and Water Management, 2011) anetelore minimise the potential of
Eutrophication. Eutrophication creates ecosysterhgtware over-enriched with nutrients
from outside sources (usually N and P) and can leadeased bacteria and rates of
photosynthesis and respiration which can creata gxessures on the ecosystem services and
can change the structure and living conditiondefécosystem (O’Sullivan, 1995).

Turf grass has the ability to reduce the movement fosoil and nutrients as well as
possessing a high capacity to absorb excess nuttignn marginal or ‘polluted’ water
sources. This represents an opportunity to build m a currently underdeveloped market

for the use of turf as a nutrient sink and should le further investigated.

2.3.2 Erosioncontrol

Erosion can be defined as the ‘wearing away of lamdace by wind, water, ice or other
geologic agents’ (Lee, 2006). It is a naturally wcmg process which is often enhanced by
human activities and processes such as land ojean land use methods and can be

particularly exacerbated if areas are without vatget ground cover (Carrow, 2004). Wind

°A healthy turf grass system refers to turf grasgvimaintains a ‘complete and dense cover ovesdiigo reduce erosion

and weed growth...it has an expansive root systeftrfilsahe soil and absorbs nutrients and watelo¢hmuthet al, 2009).
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and water can erode and degrade soil resourceso(Ga2004) leading to environmental
degradation, sedimentation, runoff, inhibition ¢dng and fish habitat and chemical exposure
(Lee, 2006; Kowalczylet al.,2011).

Erosion control is ‘the process of restraining thig#ial movement of soil particles by wind
and water’ (Lancaster and Austin, 1994). Severathods and practices can be used to
minimise and mitigate these effects such as useggtation including turf grasses, contour
grass strips and grassed swales (Beard and Gr@@a4; LLigdi and Morgan, 1995; Deletic,
2001; Coughlaret al.,2007). Turf grass is a very effective, cheap amdlble form of erosion
control (Beard and Green, 1994; Higgison and McMa@§07) due to its dense root system
which binds to the soil and between the soil eadiiyrf grass provides ground cover to
protect soil resources from erosion and sedimentement and pollution (Shoulders, 1989;
Beard and Green, 1994; Coughlanal., 2007) as it minimises sediment movement from
catchments to adjacent waterways (Gretsal., 1990). Turf grass has been found to be more
effective than other control treatments such adgsiol@ barriers and drains (Coughkinal.,
2007).

Many studies have been conducted to determineffbetigeness of turf grass in reducing soil
erosion potential. These studies conclude that guaks is a very successful method of
controlling erosion due to its high shoot densftprft 75 million to >20 billion shoots per
hectare (Beard, 1994), root mass (Beard and Gi&84; University of California, Riverside
Turf grass ReseardhProgram, 2002) and high biomass matrix which prewdil stabilisation
and resistance to lateral surface water flow (Bemrd Green, 1994). Turf grass has the
potential to reduce on-site and off-site erosiott sediment pollution runoff by providing two
main functions to alleviate erosion potential, utthg acting as a buffer strip to trap sediment
and runoff and through providing surface protectiomeduce sediment detachment (Leth
al., 2009). The reduction in sediment movement pretscil resources and reduces water
pollution of nearby water bodies such as lakegrsivand streams (University of California,

Riverside Turf grass Researehogram, 2002).

Another study by Ligdi and Morgan (1995) used medals to simulate the effects of using
contour grass strips as a method of erosion confiué study demonstrated that ‘contour
grass strips reduced sediment concentrations leaat one-third of that recorded with bare

soil control on slopes between 5 and 10%’ (Ligdil &horgan, 1995), however on slopes of
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20% the use of grass strips are a method for erasimtrol actually increased the erosion
twofold (Ligdi and Morgan, 1995). A study conducted Mexican grassland by Gutuerrez
and Hernandez (1996) concluded that an increageass cover reduces surface runoff and an

increase of grass aerial cover reduces interokien (1996).

A study (Grosset al, 1991) was conducted to compare turf grass plgésnat bare soil in
which a 30 minute storm period which produced 76pen hour of rainfall, turf grass plots
recorded sediment losses of 10-60kg" @mpared with 223kg ha-1 for bare soils these
results show that low density turf grass can sigaiftly reduce sediment losses (Gretal,
1991) and are not a significant source of sedineatering water bodies (Beard and Green,
1994). A study conducted to identify the potentigke of turf grass in reducing sediment
movement and erosion on construction sites (Leicil, 2009) showed that turf grass could
be used as a buffer strip to trap runoff and agriase covering which would help to reduce
on-site and off-site erosion (Lo@t al, 2009). Results of the study showed that turf gras
an effective method for reducing erosion and sedimevement. Turf grass can be used for
erosion control on a relatively high gradient andtfapping and controlling sediment (Loch
et al, 2009). This information has been communicatecatal well received by, the erosion
and sediment control industry with qualitative datel anecdotal evidence that turf grass is
being increasingly accepted for this purpose (Hall# Pearce 2013).

The use of turf grass for erosion control has beewell documented in the literature.
However, the use of turf grass as a natural sourcef erosion control could be further
researched when it is used in place of artificial oman-made erosion control methods.
The available research results should also be wetbmmunicated as this represents a

substantial and growing market opportunity for the industry.

2.3.3 Soil improvement & restoration

Turf grass has a vital function in the restoratidrenvironmentally damaged lands and soils
(Beard and Green, 1993). Turf grass can help mstamaged soils such as those affected by
fire, erosion, mining, harvest and landfill aredsi{ersity of California, Riverside Turf grass
ResearchProgram, 2002). Turf grass like many other graastplare constantly creating new
topsoil from decomposing roots, stems and leavedI§A\2005). Soil improvement can occur
using turf grasses through the addition of orgamiiter from composting (turnover) of
organic materials such as roots and plant tissuesigh photosynthesis (Beard and Green,
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1994; Beard, 1998; University of California, Rivides Turf grass ReseardProgram, 2002).
As the plant tissue dies, it is incorporated irtite toot system which is turned over at an
estimated annual rate of 42%, meaning that apprabteiy 6,017 pounds per acre (Beard,
1998) or 6761kg per hectare (Beard and Green, 180bot biomass is turned over into the
soil per year. A high proportion of fertile soilseaoften developed under a vegetative grass

cover such as that of turf grass (Beard and GrEeoy}).

2.3.4 Biodegradation of synthetic organic compounds (idoig phytoremediation)

Turf grass is home to many species of microorgasismicroflora, microfauna and
earthworms (Beard, 1998). These species are s@ppbyt and cause the decomposition of,
roots and shoots and play an important role iret@ogical process of degradation of animal
wastes, organic chemicals/materials, noxious chamiand pesticides into harmless
substances (Beard, 1998; Carson, 2011; Layt, k.dl(dversity of California, Riverside Turf
grass ReseardArogram, 2002). These species can break down & feorg 0.1 — 50 pounds
per square feet of chemicals and pesticides angtasses can catch and filter these polluted
runoffs therefore protecting water bodies and gdowater sources from contamination (Beard
and Green, 1994; Beard, 1998).

Studies have begun to examine different turf arabgrtypes and their ability to assist in
phytoremediation of contaminated land areas inalyidiil polluted desert areas a remnant of
the 1991 Gulf War in the Middle East (Mahmoud ef@l1l) to heavy metal contaminated
mining lands in Africa (Ansah 2012). This arearesgnts a significant new market potential

for turf grass given the already promising resfutisn the preliminary research in this area.

Turf grasses support a large, diverse populations@mf micro flora and micro fauna.
Compared to grassland, the average microbial bisnsa42% less for cropland and 29% less
for forests. These measurements were made on ngatéd grasslands; thus, many irrigated
turf grass areas would have even larger microlmalufations. The turf grass soil ecosystems
with its large microorganism population offers arfehe most active biological systems for
degradation of trapped organic chemicals and pdsticthereby functioning in the protection

of groundwater quality (Beard and Green, 1993).
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This function is related to the previously listed @inction 2.2.1 Water filtration and
purification and requires further research to identify and quarify the parameters

surround the use of turf grass for phytoremediationpurposes.

2.3.5 Alleviating heat island effects

The urban heat island phenomenon/effesn be described as one of the most prominent
characteristics of urban climate. The heat islaffieceis often measured by the temperature
difference recorded between the city centre andl rsurroundings or suburban areas, with
surface and air temperatures being recorded toumh righer than in rural areas (Chagtg

al., 2007; Gartland, 2008). Excessive warmth in urberas can be attributed to the use of
dark surface materials such as asphalt and rodfiemnry and Dicks, 1987; Akbast al.,
2001), reduced vegetation (Akbatial.,2001) and by the high solar radiation absorbaryce b
urban surfaces or ‘hardscape’ elements of the udradscape (Rosenfeédt al, 1995; Akbari

et al.,2001). These three factors contribute to the wagnaf the air in urban areas, thereby
producing a heat island effect (Akbat al., 2001). Hard surfaces such as concrete, gravel,
pavers and bitumen are the hottest feature in d@doou setting (Layt, n.d. (b). Various
anthropogenic factors contribute to this effecthsas traffic congestion, intense human
activity and tall buildings (Changt al, 2007). The outcomes of this effect such as imens
solar radiation and high air temperatures (Sha8arat al.,2009) can lead to many negative
scenarios including mortality, disease, air potintand increased energy usage (Chetray,
2007; Gartland, 2008).

However, there are several strategies identifiethénliterature to mitigate and alleviate the
effects of the urban heat island (Chasigal, 2007; Keepin, 2009) such as the use of
vegetated surfaces (Beard and Green, 1994). Taskgs has been described as “nature’s air
conditioner” and a type of vegetated surface thatlelp minimise the harmful human health,
economic and environmental impacts associated théhheat-island effect. Vegetation and
plants of all types play an important role in climand micro-climate regulation (Watschke,
1990) as they can reduce heat dissipation and tatopes. Turf grasses reduce temperature
in two ways; the first is by providing shade of tiahsorbing surfaces and the second through

" The urban heat island phenomenon/effect willdferred to as the ‘heat island effect’ for the msgs of this report
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the process of evapotranspiration which dissiphigs levels of radiant energy in urban areas
and provides a cooling effect (Beard and Green41B@ard, 1998; Bonan, 2000; University
of California, Riverside Turf grass Reseafetogram, 2002; Chanet al, 2007; The Turf
grass Resource Centre, 2007; Gartland, 2008; Shd3anet al.,2009).

Vegetated surfaces are on average cooler than egetated surfaces (Bonan, 2000) and
shaded vegetated surfaces provide for even greadéing (Shashua-Bagt al.,2009) and can
be up to 3BC cooler than asphalt on ‘a hot summer's day’ (Th&n Institute, n.d.). If
vegetation is planted close to buildings, it catuee surface wall temperatures by up t6CL7
(Changet al, 2007). Studies have claimed that the averagé fawn can produce a cooling
effect which is equal to the use of two air comligrs (Carson, 2007) or that eight average
front lawns have the same cooling effect of apprately 70 tons of air conditioning (The

National Turf grass Research Initiative, 2003).

In a pilot study conducted in Queensland, AustrajiaPoulter, Holborn and Dahler (2008)
the researchers tested the temperature differdret@geen green and hard landscape surface
coverings namely turf grass, mulch, gravel, amfiturf, paving and concrete. Turf grass was
shown to have one of the lowest daily average teatpees compared to all other types with
artificial turf reaching a temperature of over’60n winter (Poulteet al., 2008). In another
Australian study conducted by Layt (2010) on a uhathe middle of summertime with an air
temperature recording of 4D, the temperature of turf grass recorded at 468.6ompared to
dark concrete which recorded at 78Q27 Turf grass had the lowest temperature, with the
second lowest recorded temperatures belonging taast quartz pavers recorded at 58C10
(Layt, 2010).

Well managed areas of turf grass can promote sadtdity as they positively contribute to

the three pillars of sustainability affecting eagtmal (environmental), social and economic
realms. Turf grass can have other benefits stegnfnim the reduction of heat on warm days
as it can reduce the need for use of indoor aiditimmers and can therefore potentially
reduce the amount of energy used. Turf grass cam & used for green roofs which are
specially engineered roofing systems which aregtesi with the use of vegetation which
undergo evapotranspiration and therefore offer temdil cooling effects. Turf grass is

obviously successful at reducing urban temperatwieieh are heightened by man-made
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materials such as buildings and concrete. Howemate again the ability of turf grass to
lower temperatures can also be achieved by otlgataton species.

The temperature reduction for various vegetation tpes should be compared to
determine which has the highest reduction of tempeature and to see which combination
of vegetation is most effective for example, the esurf grass and trees. Additionally,

claims about reductions in temperatures resultingn reduced energy use should be

quantified fir Australia in summer.

2.4 Other Benefits

2.4.1 Noise & glare reduction

Turf grass can successfully reduce noise and ghateban environment@Beard and Green,
1994) Turf grasses have been shown to control souneldewas its rough surface
characteristics absorb, deflect, reflect and réfrearious unwanted noisesSgorts Turf
Managers Association, n.d.) and turf griss a far greater success rate of abating hatstdso
than most other surface such as bare ground ompawe(Beard and Green, 1994; Beard,
1998). An area of 70 feet of turf grass nearaalsae can abate vehicle noise by up to 40%
(Beard and Green 1993). The surface of turf grassreduce glare as it reflects light in
different directions which lowers the harshness sinelss of light in bright conditions on the
human eye (Beard and Green, 1993; Canaway, 1999).

2.4.2 Fire prevention

Turf grass can act as a buffer zone of grass arbuitdings helps to retard the spread of fires
and acts as a vital firebreak which decreasesikieéhiood of fire significantly (Watschke,

1990; Beard and Green, 1993). It also serves aghauisibility zone which can make the

advent of fire more obvious (Beard and Green, 18&rd and Green, 1994). Extended
drought periods during the 1980s and 1990s in thied States led landowners to remove
turf grass from their property and replace it watiner vegetation species. However when
wildfires swept through the area, consuming honmes recently planted vegetation species
the landowners who retained significant amounttudfgrass suffered minimal fire damage

compared to those who replaced turf grass (Cag2@g3).
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2.4.3 Biodiversity & ecosystem services

The turf grass ecosystem is home to abundant pprgaof earthworms which can help to
retain water and achieve higher water infiltratrates (Beard and Green, 1994). Turf grass
provides an essential habitat and breeding groanddrtain fauna species which are critical
for maintaining a balanced ecosystem (Layt, 20@8;tLn.d.(a)) and have potential value as
an area of conservation for native wildlife andetitened species of bird, frog, mammal and
reptile (Hodgkisoret al., 2007). Studies conducted in the US have found gbé#tcourses
(large areas of turf grass) have the potentialifpert threatened bird species (Hodgkisbn
al., 2007). Golf courses located on the Gold Coast afe@aland, Australia are home to small
areas of flora species of lowland eucalypt and leeta vegetation (Hodgkisaat al.,2007).

In a study conducted by Hodgkison, Hero and Warn&®7) concluded that golf courses
provide habitat for threatened species and urbaptad species and the presence of species
not commonly observed in suburban areas (e.g. &oalkinks, gliders and lace monitors)
suggests that golf courses are a superior haluitaihése species over urban areas. Also in
some of the golf courses studied, the number af bpecies present was greater than the
number of bird species present in eucalypt forestsasuggesting that golf courses can lead to
an increase in numbers of these populations (Hsdglet al., 2007), however if eucalypt
forests were to be replaced by large areas ofgna$s such as golf courses could lead to the
local decline of many regional species (Hodgkisbral., 2007). The study also found that

golf courses were a better refuge for birds and mals instead of reptiles and amphibians.

Properly designed urban landscapes which incorpduaf grass can provide wildlife habitat
and promote animal and plant diversity (Beard amnele@, 1994). The majority of research
has been focused on identifying the habitat prowisof golf courses which although
containing large tracts of managed turf areas ass@lly contain large and small trees, areas

of ‘rough’ and water bodies.

What has been less studied is the habitat provisionf turf grass areas alone and
although some claims are heartening, for example €@rd, 1998) that turf grass
ecosystems can be home to more than 100 taxa indiugl insects, beetles, earthworms,

nematodes and other invertebrates, this requires fstantially more research.
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3 CONCLUSION

This report has critically analysed a vast amodriterature surrounding the perceived and
actual environmental benefits of natural turf graSsvironmental benefits of turf grass
positively affect areas of water, land, and atmesphquality and can also increase
biodiversity and reduce the likelihood of fire, s@iand glare. It is obvious that natural turf
grasses play a significant role in the environm#mwbugh their various environmental,

monetary, societal and health benefits and cantipelsi contribute to the environment,

society and the economy. As Beard (2004) saidf-grasses contribute a diverse array of
benefits that make them one of the best friendshefurban environmentalists and they

greatly enhance our quality of life, especiallydensely populated urban areas (see Table 2).

Table 2: Summary list of the environmental benedftturf grass

ATMOSPHERE WATER QUALITY LAND QUALITY

OTHER BENFITS
QUALITY BENEFITS BENENFITS BENFITS
Air pollution control/air Water filtration and Reduction in nutrient Noise and glare
quality improvement purification movement & loss reduction

(phtyoremediation)
Oxygen generation Erosion control Fire prevention
Water run-off reduction
Dust prevention & Soil improvement and Biodiversity and

stabilisation Rainwater harvesting & restoration ecosystem services

entrapment - groundwater

Carbon sequestration and| recharge Biodegradation of
sinks synthetic organic
compounds

(phytoremediation)

Alleviating heat island

effects

28 A review of the environmental benefits of turf




At present the data available and evidence of enmiental benefits is not always supported
by rigorous scientific analysis and results canab®iguous. The industry literature often
does not provide information on how results wereioied, what methods were used, how
they were measured or modeled and what assumptieres made within their calculations.
This leads to research recommendations which fecoisehese areas and ensures appropriate
data is available for Australian conditions. Thesearch should ideally be conducted in

Australia to ensure it is locally accurate andvatd.

While it is evident from the extensive literatuesiewed that well-managed, natural turf grass
has numerous environmental benefits, uncertainutalthe extent of these benefits still

exists. Further research must be taken to deterthmescientific evidence to support these
claims and ensure the full environmental benefitaid grass are identified and the extent of

these benefits are known.

4 RECOMMENDATIONS FOR FURTHER STUDY

The literature reviewed in this project present®avincing case for further research, in most
areas relating to the environmental benefits of guass including atmosphere, water, land
and other environmental benefitdlthough there are vast amounts of literature reigay the
environmental benefits of turf grass, there areesdvgaps’ in the literature which have been
identified. These gaps form the basis of the recendations for further study which are
suggested.

Overall, further studies into the environmental dféa of turf grass should be conducted on a
national or local scale in Australia as many of gedies and publications examined for
literature review have been conducted overseagastdifficult to find independent scientific
results on the environmental benefits of turf gréss many of the claims and a high
proportion of the studies or articles have beenrm@sioned, supported or funded either in
part or in full by the turf grass industry. Thisubt potentially create a situation for bias to
occur where results may be embellished or framed wertain light. Often the literature
published in industry publications particularly feoin the industry magazines lacked solid
scientific evidence, so it is recommended that peaelent research is undertaken to establish

the environmental benefit and the extent of themeefits in Australia. In light of this, it is
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recommended that independent, rigorous, scient#gearch is conducted to mitigate any
potential bias or the perception of bias.

Although there are many environmental benefits drage from turf grass, the majority of

these can be achieved by vegetation and plantespectigeneral, such as alleviating the heat
island effect, oxygen generation and carbon serpiest. It is recommended that turf grass
be tested in comparison to other types of plant \aegktation types to better quantify and
compare benefits. Many of the environmental besedgsociated with turf grass could be
maximised by use of an integrated landscape whefegtass is used in conjunction with

other vegetation or plant species such as the useeas to increase the evapotranspiration
effect which reduces temperatures and the heatigffect (Beard and Green, 1994), area for

biodiversity and noise reduction (Beard and Gréé84).

Major recommendations regarding the environmentahelits of turf grass include:
standardising the size of turf grass plot, unitngflasurement including timecales and methods
used for measurement. The current benefits ofdrass vary in these areas which is well
illustrated by the results listed in Table 1. Besmthese variables are inconsistent, ambiguous
statistics are often produced which can be diffical interpret and even more difficult to

support.

4.1 Recommendations for Atmosphere Quality Benefits

There is a wide variety of information availablegaeding the environmental benefits of
carbon sequestration from turf grass. However soiméhe results produced from these
studies can be misleading and are often hard &rprét as most are from international
sources with the majority conducted in the USA dherefore most of the statistics are
recorded in American units. It is recommended #hadtralian studies are undertaken which
would compare the results between those which dyreaist. Of the literature reviewed on
the environmental benefit of carbon sequestratioth earbon sinks from turf grass, most
studies and research has been commissioned ordundegart or in full, by the turf grass
industry (Higginson and McMaugh, 2008; Hetal.,2008) or are by authors who may have a
vested interested in the turf grass industry (L2809, 2010, n.d(a) (b) (c)). Other studies
have been conducted or funded by government depatsnsuch as Jo and McPherson (1995)
and Pouyatet al. (2009). Only Shau, (2008) explicitly states hisidst was conducted
independently and only two studies found may hagenbindependent but they do not
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communicate this in their work (Qian and Folle@02; Sahu, 2008; Zirkle, 2010, 2011). It is
recommended that all commissioned research be ctewtlas independently as possible to
minimise any potential bias and the potenpi@iception of biasvhich could arise during the

studies and experiments.

However, of the studies reviewed in this projectany are rigorous and have sound
methodologies. Most studies were comparing carlegaestration rates of: turf grass species,
residential landscapes, managed or non-managedegrasid have methodologies which
either use available data or primary data colleftech undisturbed soil core samples which
are then compared using statistical analysis saalegression (Qian and Follett 2002; Hath
al., 2008; Pouyatt al., 2009). Other studies model sequestration rategeuations and
available data (Zirkle, 2010) or estimate valuesebleon available data (Sahu, 2008). Another
study determines CQexchange through the measurement of ecosystenratesp and the
net ecosystem exchange (Baird, 2011). The vaitiakiithin the results suggests that further
research is required which takes into account thigrass type, cultivar, climate, soil and
management input regime all of which are liablenipact the sequestration capacity of the

tested grasses.

Further research on carbon sequestration shoulohddertaken in Australia as a priority. This
research should investigate the effectiveness f grass to sequester carbon on both a
national and local scale. The effectiveness coldd &e assessed on turf grass used for
different purposes (current literature is generddhsed on golf courses) e.g. agriculture,
commercial, residential, industrial and sportingd asompare variations of carbon

sequestration rates between different maintenarasipes.

Rates of carbon sequestration vary depending agaiion, fertiliser, and grass types and if
turf grass is not being maintained in balance,pbiential for carbon sequestration is greatly
reduced. More research could be conducted onypefstto determine which has the highest
potential for carbon sequestration and what themaph rate of carbon sequestration is and to
determine at what point this rate decreases ingi@s$s in Australia. This could also identify

how carbon sequestration levels can be maintaimed vehat maintenance regimes, best
management practices, technologies and techniqdeditional research is required into

improving soil quality for long periods of time, wh increase carbon sequestration rates
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(Qian and Follett, 2002). Research could also dedected into the reduction of other

greenhouse gases from turf grass such as carbooxmenmethane and sulfur dioxide.

Further research could be conducted into how tragg could be used in the application of
any future versions of the carbon tax and/or emnssirading scheme in Australia and aim to
determine what/if there are any monetary benefitsffsets potentially available.

Research methods employed to examine the enviradaineenefits of turf grass will allow
scientists to fill the gaps in knowledge in keyestific fields. Much of the literature reviewed
in this report was based upon a combination of annand secondary data. Primary data used
in the literature reviewed used modeling, laboratperimentation, laboratory analysis and
field observation as methods of data collation. Y¥ae secondary data used in the literature
was used to make inference and conclusions. leasmmended that if future research is
conducted, it should use the methodologies fourmteniously conducted studies to form the
basis of the research and achieve some reliabdlity repeatability as well as some

preliminary comparison of results.

4.2 Recommendations for Water Quality Benefits

There is currently a lot of information availableoait erosion control at an international level
(mostly golf courses and in the USA). Studies dtenoinconclusive and do not give the full
amounts of erosion controlled. More informationréxjuired on Australian soil erosion
control and the actual erosion and sediment copédntial of turf grass. Further research
could also compare turf grass to other types ofierocontrol methods used in Australia in
order to assist those requiring erosions controbétter select the optimum measures to
install. The ability of turfgrass to filter or @e pollutants and the use of that to improve
waterway health and potential dispose of pollutedariable quality wastewaters should be
further researched and the market potential for dheurf for this purpose should be
investigated. This presents substantial opporasin areas such as wastewater treatment
and the mining industry but especially in the rapekpanding coal seam gas industry whose

water quality issues are significant.

4.3 Recommendations for Land Quality Benefits
Additional studies should be conducted on the &ten of the urban heat island effect a

national and local level. The potential of turf ggao alleviate this effect may differ based
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upon geographical location and at present, mosliegunto this have been conducted in the
USA. The associated monetary values could alscstigaged as there is associated economic
benefits as a result of the alleviation of the hsknd effect as it can help to reduce energy
costs (e.g. electricity) and air pollution (e.gspiatory diseases). Using turf grass in
conjunction with other vegetation should also beegtigated as the maximum cooling effect
is ‘obtained in the daytime hours by the strategth wees over grass’ (Shashua-Bral.,
2009). This may also extend to include an exanonatif the use of turfgrass sod in green

roof installations.

4.4 Recommendations for Other Benefits

As suggested by Hodgkisoat al. (2007) the use of turf grass for biodiversity and
conservation needs to be further investigated omoee localised scale that targets grassed
areas only and includes a range of target spethes.will help to determine the ecological
function of turf grass in providing a place of fginag and refuge for urban-adapted species.

Noise abatement is likely to be a minor considerain terms of utlising turf specifically for
this purpose but further research into this areailshbe conducted as a greater reduction in
noise has been proven when turf grass and othetataon types (e.g. trees and shrubs) are
used in combination. It is suggested that studiest@a be conducted which will determine
how much extra noise can be abated using thesdatiegetypes in conjunction rather than

turf grass as a medium alone.

4.5 General Recommendations

The industry has invested substantially in develgpnew cultivars based on aesthetic
appearance and maintenance requirements but atsepéeific purposes such as shade,
salinity and wear tolerance. These cultivars &sal to require fewer inputs and therefore
reduce the potential impact on the environment aihtaining these turf grasses in acceptable
condition. There is now an opportunity for the istty (either collectively or more likely as
individual businesses) to select and breed culivéor specific purposes such as
phytoremediation, cooling capabilities or carbogussstration. This process should also focus
on selecting and if possible developing, nativesgea into turf grass varieties as the use of
turf grass for environmental purposes will ineviyabe limited if there is a limited native

varieties available for use in what are often emvinentally sensitive areas.
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The industry should also invest some time and messuto draft policy positions on key

environmental issues in all aspects of the turfsgrife cycle including production and

maintenance and then communicate that widely ggetaaudiences including government. An
example of this might be an industry water-useqyoli hese policies should then be built into
a future turf accreditation scheme as a basis fndmeh to differentiate those producers and
their product from ‘the rest'.

Finally, the political and community focus on theveonment both now and potentially more
so in the future provides an opportunity for thelustry to become the provider of
environmental solutions as opposed to an enviroteh@noblem which it was perceived as
during the national water crisis of the 2000s. ¢mjanction with building the evidence to
support turf grass’s role in the environment, thdustry should invest in quantifying its own
parameters and communicating them. The industmggtly lacks basic statistics such as the
size of areas under turf grass in the community tthe value of those areas, the value of turf
in the environment (for example costing the valtiéud as an erosion control measure) and
its comparative cost and efficacy to alternativéee (artificial turf) over the lifetime of the

product.

The Australian turf industry has some important am@dl supported environmental stories to
tell and should dedicate a proportion (probablyae proportion) of the marketing levy
funds to undertake activities that effectively cepvhat information to consumers — both
domestic and commercial. Opportunities for turémerging market such as Water Sensitive
Urban Design (WSUD) and phytoremediation are propgortunities for the industry to
position itself well and claim a share of these kats but that will require a sound basis of

evidence on which to stake their claims.
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6 APPENDIX1-SUMMARY DOCUMENT

TEXT ONLY — TO BE LAID OUT AND PRINTED IN
CONSULTATION WITH TURF AUSTRALIA AS AGREED

ATMOSPHERE QUALITY BENEFITS

Air pollution control/air quality improvement

Turf grass can control air pollution and improveaiality by absorbing pollutants, smoke,
dust and dirt particles from the atmosphere (italao prevent air pollution through dust
stabilization) as turf grasses trap particulatetenan the grass blades. Turf grass also absorbs
CO; as an input along with light energy for photosysils which reduces the carbon

abundance in the atmosphere and releases oxygehyasoduct.

Oxygen generation

Turf grass like all other plants uses carbon aretgn(light) source to undergo the process of
photosynthesis. Photosynthesis is where plantsrialend breakdown CGQand water to an
energy source. Energy is generated from this psoaesl organic products and oxygen are
produced as byproducts. These organic productsissee by the turf grass plant for growth
while the plant is releasing oxygen into the enwinent. Because turf grass is so abundant it

plays an important role in generating oxygen, eisfigén urban environments.

Dust prevention & stabilisation

Dust refers to particles of soil or other matterarenough to be moved and carried by the
wind. Dust can have a harmful impact on human hdajt aggravating asthma and eczema
conditions and dust can also contribute to enviremia problems such as water pollution
and sedimentation. Turf grass captures and sumweahsst by slowing the wind velocity
allowing dust to settle as well as preventing doaitticles from becoming detached and
airborne in the first place. Dust particles tha eaught by turfgrass are moved via rainfall to

enter and become incorporated (secured) as p#re diving soil system.

Carbon Sequestration and sinks
Carbon sequestration is the long term storage iocadioxide (CQ. CG is a greenhouse
gas and is contributing to climate change. The ttgaf climate change pose a serious threat

to human health, quality of life, economy, sociatyd the environment. Turf grass can be
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used as a method to mitigate climate change assithe potential to act as a carbon sink for
carbon sequestration through the process of phatiosyis, nutrient cycling and soil organic
carbon accumulation. Appropriately maintained ggndss can sequester carbon at a rate that
makes it a net carbon sink meaning that turf gcasscapture, convert and store more carbon
in the soil than is produced to maintain (mow)Along with carbon sequestration, turf grass
can also absorb other atmospheric greenhouse gadagaseous pollutants carbon monoxide
(CO), methane (CK, sulfur dioxide (S@, ozone (@), hydrogen fluoride (HF) and
peroxylacteyl nitrate (€43NOs).

WATER QUALITY BENENFITS

Water filtration and purification (phtyoremediation )

Water is an essential resource needed to mainthalifeaon earth. Turf grass can reduce
factors degrading water quality such as erodedstwpand can slow down runoff and trap
pollutants, sediments and heavy metals, prevertiagh from leaching into adjacent water
bodies. Water purification occurs when water icheal through the turf grass root zone and
into underground aquifers or when it is run oveasged areas as the leaves trap suspended
solids and sediment material. Turf grass is alsa uis industries such as food processing as a
method of cleaning wastewater before it is discbdropto natural water bodies (a type of
phytoremediation). Some turf grass types have wagly tolerance of salts and nutrients and
are suitable to use to dispose of lower qualitytexaaters such treated sewerage and mining

wastewaters.

Water run-off reduction

If runoff is not controlled, it can contain polluts, chemicals and pesticides which lead to
eutrophication and contamination of adjacent whtelies including lakes, rivers and streams
which can damage or kill aquatic plants and animfleas of turf grass play a significant role
in reducing water runoff and can retain vast quistiof water. Stormwater runoff from a
healthy, dense area of turf grass can be at orzeear meaning that virtually all runoff is
eliminated. Generally speaking, the runoff pretliby turf grass that could lead to
contamination of water bodies is far less tharnrtimeff contamination from hard surface

coverings and the amount of contamination proddiaed turf is generally much lower.
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Rainwater harvesting and entrapment — ground waterecharge

Rainwater harvesting or entrapment refers to theéhoas or technologies used to collect
rainwater and surface runoff from the roofs of duigs or other catchment surfaces, where it is
stored for future use. Turf grasses are capabpgeserving and trapping runoff and rainwater in
the soil due to its growth habitat, dense plantopgn biomass matriand earthworm activity
enabling rainwater to be captured by the turf gsastem instead of becoming runoff. In turn,
this reduces excess runoff and results in morenwatanfiltration into the soil. The dense plant
canopy of mowed turf can act as a ‘sponge’ by dhisgrvast amounts of water which increases
the rate of groundwater recharge and is a verg®fte system for the entrapment of water. Many
pollutants coming from other land surface typeg.(asphalt or concrete) can be trapped in the
blades of turf grass which thereby limits the pt#rof these pollutants from entering nearby

water bodies and assists with groundwater recharge.

LAND QUALITY BENFITS

Reduction in nutrient movement & loss

Sediment and nutrient runoff can occur from wateming off bare areas of earth, cultivated

areas and some types of vegetation. This can eagrious environmental effects such as
accelerated eutrophication of water bodies, halots, dissolved oxygen loss leading to fish

kills and reduction in water clarity. Healthy tugfass systems have the ability to absorb the
majority of nutrients applied to it as fertilisencacan minimise the amount which is leached
or runoff. Turf grasses have a strong and expansie¢ system which can enhance the

entrapment and uptake of essential nutrients saahiteogen (N) and phosphorous (P) and

therefore minimise the potential of Eutrophication.

Erosion control

Turf grass is a very effective, cheap and duradefof erosion control due to its dense root
system which binds to the soil quickly and readilyurf grass provides ground cover to
protect soil resources from erosion and sedimentement and pollution as it minimises
sediment movement from catchments to adjacent watex. Turf grass has been found to be
more effective than other control treatments suechoadside barriers and drains. Turf grass
controls erosion due to its high shoot density,t nmass and high biomass matrix which
provide soil stabilisation and resistance to ldtexaface water flow. Turf grass has the
potential to reduce on-site and off-site erosiott sediment pollution runoff by providing two

main functions to alleviate erosion potential, utthg acting as a buffer strip to trap sediment
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and runoff and through providing surface protectionreduce sediment detachment. Turf
grass can be used for erosion control on a relgtikigh gradient and for trapping and

controlling sediment.

Soil improvement and restoration

Turf grass has a vital function in the restoratdrenvironmentally damaged lands and soils.
Turf grass can help restore damaged soils suclhas taffected by fire, erosion, mining,

harvest and landfill areas. Turf grass like otHants is constantly creating new topsoil from
decomposing roots, stems and leaves. Soil impromeoan occur using turf grasses through
the addition of organic matter from composting rfawer) of organic materials such as roots
and plant tissues through photosynthesis. As thetgissue dies, it is incorporated into the
root system is turned over into the soil. A higbpwortion of fertile soils are often developed

under a vegetative grass cover such as that oftass.

Biodegradation of synthetic organic compounds (phytremediation)

Turf grass is home to many species of microorgasismicroflora, microfauna and
earthworms. These species are supported by, aise tael decomposition of, roots and shoots
and play an important role in the ecological preoefsdegradation of animal wastes, organic
chemicals/materials, noxious chemicals and pestcithto harmless substances. The turf
grass soil ecosystems with its large microorgam&mpulation offers one of the most active
biological systems for degradation of trapped oigahemicals and pesticides, thereby
functioning in the protection of soils and groundevaquality. Turf grasses can catch, filter
and process polluted runoffs therefore protectimgewbodies and groundwater sources from
contamination.  Turf has the ability to assmsphytoremediation of contaminated land areas
including oil and heavy metal contaminated land.

Alleviating heat island effects

The urban heat island phenomenon is often measyrélde temperature difference recorded
between the city centre and rural surroundings uwbusban areas, with surface and air
temperatures being recorded to be much higher it-dqu city areas than in rural areas.
Excessive warmth in urban areas can be attribatélaet use of dark surface materials such as
asphalt and roofing, reduced vegetation and byhitje solar radiation absorbance by urban
surfaces or ‘hardscape’ elements of the urban tap#s These three factors contribute to the

warming of the air in urban areas, thereby prodyeiteat island effect.
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Turf grasses has been described as “nature’s adittaner” and a type of vegetated surface
that can help minimise the harmful human healtlgnemic and environmental impacts

associated with the heat-island effect. Turf gras®duce temperature in two ways; the first
is by providing shade of heat-absorbing surfaces @e second through the process of
evapotranspiration which dissipates high levelsadiant energy in urban areas and provides
a cooling effect. Vegetated surfaces (includingegrroofs) are on average cooler than non-
vegetated surfaces and shaded vegetated surfamadepfor even greater cooling and can

then reduce the reliance on artificial cooling framconditioning.

OTHER BENEFITS

Noise and glare reduction

Turf grass can successfully reduce noise and glaneban environmentsnd have been shown
to control sound levels as its rough surface chiaristics absorb, deflect, reflect and refract
various unwanted noisesd turf grasdas a far greater success rate of abating hatsidso
than surfaces such as bare ground or pavemeng suiface of turf grass can reduce glare as
it reflects light in different directions which l@ss the harshness and stress of light in bright

conditions on the human eye.

Fire prevention

Turf grass can act as a buffer zone of grass arbuitdings helps to retard the spread of fires
and acts as a vital firebreak which decreaseskbihood of fire significantly. It also serves
as a high visibility zone which can make the adwriire more obvious.

Biodiversity and ecosystem services

Properly designed urban landscapes which incorpduaf grass can provide wildlife habitat

and promote animal and plant diversity. The tuidsg ecosystem is home to abundant
populations of earthworms which can help to retaiater and achieve higher water

infiltration rates. Turf grass provides an esseérti@bitat and breeding ground for certain

fauna species which are critical for maintainindgpadanced ecosystem and have potential
value as an area of conservation for native wedhkind threatened species of bird, frog,
mammal and reptile. Studies on urban golf coursdfscgurses were a better refuge for birds
and mammals instead of reptiles and amphibians.
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