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Abstract. Turfgrasses are an important component of the landscape adding social, physical, and economic value to our lives.
The demand for green space in densely populated urban areas continues to rise. However, the general public where turfgrass
exacerbate pressure on available water resources, are prone to develop a negative environmental perception for turfgrass. In
general, turf sites of urban cities cause considerable water consumption and therefore is not considered sustainable. But
many turfgrass species have the ability to survive for extended periods without water. There are many strategies to reduce
irrigation and other management inputs on turfgrasses and hence to alleviate pressure on fresh water resources caused by
landscaping. Using native and well adapted grass species may offer sustainable solution. Interest is in the rise among
landscape managers for native plants in urban landscaping in recent years. Because of dry summers, limited water, high
temperature stress and salinity, it is both expensive and challenging to maintain traditionally used cool-climate grasses not
well adapted to Mediterranean region. Therefore, several warm-climate turfgrass species/cultivars were compared for their
drought resistance and adaptability to the region. To develop native bermudagrass cultivars, bermudagrass genotypes were
collected from the Mediterranean region of Turkey and were characterized for drought tolerance and turf qualities. Results
from these studies indicated that several turfgrass species/cultivar and native germplasms offer great potential for use in
sustainable urban landscapes in semiarid climates.
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Cim Bitkileriyle Siirdiiriilebilir Peyzajlar Olusturulmasi

Ozet. Cim alanlar, sagladiklar sosyal fiziksel ve ekonomik degerlerle peyzaj alanlarinin énemli bilesenlerindendir. Yogun
yerlesimlerin yasandig1 kentsel alanlarda yesil alanlara duyulan ihtiya¢ artmaya devam etmektedir. Ancak, ¢im alanlarin su
kaynaklar iizerinde baski olusturduguna dair genel bir kanmin varligi, ¢im bitkileri lizerinde de negative bir ¢evresel alginin
olugmasina neden olmaktadir. Cim bitkilerinin genellikle su kaybina neden oldugu kanisindan dolayr uygun olarak
nitelendirilmemektedir. Fakat birgok ¢im tiirii bu kaninin aksine uzun dénem susuz hayatta kalma yetenegine sahiptirler. Cim
alanlarin sulama ve diger yonetim girdilerinin azaltilmasi ve su kaynaklari {izerindeki baskinin hafifletilmesi i¢in bir¢ok strateji
mevcuttur. Yerel ve adaptasyon Kabiliyeti yiiksek ¢im tiirlerinin kullanilmasi uygun bir ¢6ziim yolu olarak goriilmektedir. Son
yillarda kentsel alanlarda dogal tiirlerin kullanilmasi konusunda artan bir ilginin varoldugu bilinmektedir. Sicak gegen yaz
mevsimi, kit su kaynaklari, kuraklik ve tuzluluktan kaynaklanan stres dolayisiyla serin-iklim ¢im tiirleri Akdeniz iklimine iyi
adapte olamamaktadir. Bu nedenle, Akdeniz bdlgesinde kuraga dayanimi ve adaptasyon kabiliyeti yiiksek sicak iklim ¢im
tiir/gesitleri tercih edilmelidir. Yerel Bermuda ¢imi gesitlerinin gelistirilmesi igin, Tiirkiye’nin Akdeniz Bdlgesi boyunca
Bermuda ¢imi genotipleri toplanmis ve kuraga dayanimlari, kaliteleri belirlenmistir. Bu c¢alismalardan elde edilen sonuglar
gostermektedir ki, yarikurak iklimlerde siirdiiriilebilir peyzajlar olugturmak icin ¢ok sayida ¢im bitkisi tiirii/cesidi ve gen
kaynaklarinin kullanilmasi biiyiik potansiyeller sunmaktadir.
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INTRODUCTION

Turfgrasses have been used to enhance living environment by humans for centuries [1]. With the
functional, recreational and aesthetic contributions, turfgrasses have become an important component
of the urban landscapes. Some of the environmental and functional benefits of growing turfgrasses
include rain water entrapment and ground water recharge, protection against soil erosion, dust

* Corresponding author. Email address: cerenselim@akdeniz.edu.tr

http://dergi.cumhuriyet.edu.tr/cumuscij/index ©2016 Faculty of Science, Cumhuriyet University



Sustainable Landscaping with Turfgrasses

prevention, soil improvement and restoration, carbon dioxide sequestering, enhanced heat dissipation,
and reduction in noise and glare [2]. In addition, turfgrasses can enhance social harmony, work
productivity, physical health and mental wellbeing of people by providing a suitable environment for a
range of recreational and social activities [2-5]. A number of psychological, social and behavioral
research demonstrated that the availability of accessible and attractive green spaces is an integral part
of urban quality of life [6, 7]. As the demand for green space in densely populated urban areas continues
to rise, the benefits of turfgrasses are even more pronounced [8].

Despite these benefits, a negative environmental perception for using turfgrasses in urban environments
has developed over the past two decades by general public especially within the countries where drought
is an occasional or regular occurrence [9]. Claims that turfgrass utilizes excessive water and
contaminates the environment with chemical residues have led to this negative public perception and
replacement of turf area by alternative landscapes, such as xeriscaping, and replacement of natural turf
with artificial turf in some countries [10, 11]. The forms of landscaping with increased proportion of
hardscapes and semi-hardscapes may be aesthetically pleasing and require minimal inputs for
maintenance, such as water however, they fail to provide many positive environmental benefits of
turfgrass [12]. Besides, such designs by absorbing large amounts of energy and then radiating that heat
energy back into the surrounding area can create heat sinks [12]. The use of artificial turf in place of
natural turf has been proposed for sport fields to reduce management inputs. Despite the many
improvements, synthetic turf poses serious health problems for users due to rapid heat build up to
dangerous level on a hot summer day and the potential exposure to lead and other heavy metals [11, 13,
14].

Significant progress has been made both in water usage by turfgrass [15] and the management of
pesticide and nutrient leaching from turfgrass [16] over two decades. Thus, as indicated by Higginson
and McMaugh (2008), there is no justifiable scientific basis for the negative press inflicted on turgrasses
in the media [11]. Research on various land use types compared with turfgrass indicates that sediment
and nutrient losses from urban and turfgrass systems is considerably less than losses from agricultural
and forest systems [17]. It was also indicated that most pesticides currently used in turfgrass present
relatively low risk for groundwater contamination [15]. As stated by Beard and Kenna, (2008) a healthy
turfgrass system provides considerable protection against leaching due to high levels of organic matter
and associated microbial activity which serve to immobilize and degrade applied pesticides and nitrates
[15]. With respect to water consumption, turfgrass is often considered as wasting water in minds and
therefore is not considered sustainable [18]. However as indicated by Johnson (2008) turfgrass does not
require inordinate amounts of water and instead often requires less water than some agricultural crops,
even in arid regions [19]. A study undertaken in residential landscapes in Florida investigated the water
use rates of two contrasting residential landscapes, a monoculture of St. Augustine grass (Stenotaphrum
secundatum cv. ‘Floratam’) turfgrass lawn, and an alternative presumed resource-conservative
ornamental mixed-species landscape [20]. The authors found that in year four, the mature turfgrass
landscape required less than two-thirds of the irrigation that the mixed-species landscape required.

There are many strategies to reduce irrigation and other management inputs on turfgrass and hence to
overcome perceived negative environmental impacts. Using drought hardy native and well adapted grass
species for a given region is one of them [19, 21] which can lead to a significant reduction in the need
for watering, mowing and fertilizing [11]. Native grasses are better adapted to low maintenance
conditions especially in the semiarid and arid regions, can tolerate stressful conditions in a number of
ways and brings the serenity and beauty of native grassland communities closer to home [19]. Therefore,
the interest in the use of native plants in urban landscapes has been increasing among landscape
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managers. The use of alternative waters (municipal recycled, untreated household grey, or other low
quality water) for turfgrass irrigation is indicated as another way of conserving potable water especially
in dry regions and in highly populated metropolitan areas where water is limited [15].

Antalya province located along the Mediterranean coastal region of Turkey leads in humber of golf
courses; natural turfgrass sports fields (soccer fields), sod production, and other maintained turf areas.
For concerns over water availability, turf areas especially golf courses in Antalya are also receiving
serious negative environmental criticism recently. Sustainable turfgrass management approaches are
being investigated in Turkey. In the following sections such studies and progress made toward turf
sustainability in urban landscapes of coastal Mediterranean region of Turkey are highlighted.

Case Study 1: Adaptation and Drought Resistance Assessment of of Warm-season Turfgrasses

in the Mediterranean Region

Traditionally cool-climate turfgrasses such as perennial ryegrass (Lolium perenne) and tall fescue
(Festuca arundinaceae) are the dominant species used as turf in the Mediterranean region of Turkey
and similar regions of neighboring countries [22, 23]. The cool-climate species, like tall fescue, require
significant amounts of water and fertilizer for a green, dense stand [24]. However, due to dry summer,
limited water, high temperature stress, high soil pH and salinity, it is expensive and challenging to
maintain traditionally used cool-climate grasses not well adapted to Mediterranean region. Increasing
the adaptive range of warm-climate grasses has been reported as a strategy for water conservation [10].
Compared to cool-climate grasses, the warm-climate species require about 45% less water [25], exhibit
greater drought tolerance [26] and possess a higher nitrogen (N) use efficiency under a wide range of
adaptation to soil conditions depending on the species [27, 28]. Two separate studies were conducted to
assess the adaptation and drought resistance of six warm-climate turfgrass species and several of their
cultivars to Mediterranean growing conditions of Turkey during 2006 and 2007 [29, 30]. Information of
this nature was lacking and would be helpful to landscape managers working in the region. The warm
climate turfgrass species studied were bermudagrass (Cynodon dactylon), buffalograss (Buchloé
dactyloides), zoysiagrass (Zoysia japonica ), bahiagrass (Paspalum notatum ), seashore paspalum
(Paspalum vaginatum ), and centipedegrass (Eremochloa ophiurioides). Tall fescue was included as a
cool-climate turfgrass species for comparison. For the drought study the fully established turfs were
subjected to drought stress for 90 day, followed by resumption of irrigation for recovery of the turfs
[30]. Among the summary points of the adaptation study, bermudagrass, bahiagrass and seashore
paspalum established faster and extended growing season by retaining their green color 15 d or longer
than the rest of the warm-season in the fall [29]. Seashore paspalum, bermudagrass, buffalograss, and
zoysiagrass exhibited acceptable turfgrass quality for 7 months throughout the growing season. Tall
fescue, a cool-climate turfgrass species, did not survive summer heat stress necessitating reseeding each
year in fall. Results showed that warm-climate species have great potential for summer and fall
utilization in the Mediterranean region where they perform better than cool-climate species commonly
used in the region, especially when heat and water limitations exist.

Bermudagrass and buffalograss exhibited superior drought resistance as demonstrated by lower leaf
firing and better shoot recovery values, with an acceptable turfgrass quality up to 30 day under drought
stress that can be utilized for water-efficient turf management under the Mediterranean environment
[30]. Tall fescue was unable to recover from the drought stress in the same study. Short and Colmer
(2007) also demonstrated the opportunity for water conservation when warm-climate turfgrass species
were used under Mediterranean-like climate in Australia [31].
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Case Study 2: Making use of native turfgrass species

This project focused on collecting and evaluating Turkish Cynodon genotypes for turf quality and
drought tolerance. Mediterranean region was shown to be within the center of diversity for
bermudagrass. Results of the study showed that a large genetic variation in drought resistance exist
among bermudagrass genotypes native to the region. Some of these genotypes were found to be superior
to commercial bermudagrass cultivars for their drought resistance, quality and color, indicating a genetic
potential for the development of native bermudagrass cultivars. Thus, a follow up project has just been
initiated recently with the aim of developing turf type drought resistant bermudagrass cultivars for use
in water-efficient landscaping under Mediterranean environment.

In addition to drought resistance, there is a considerable need for the evaluation of grasses for their
suitability for salt tolerance for urban landscaping in salt-affected areas. Similar to the coastal regions
of the world, rapidly developing Mediterranean coastal areas of Turkey suffering the problem of
seawater contamination of freshwater wells due to overuse of freshwater aquifer. Many local and federal
governments encourage or require use of secondary, saline water sources such as reclaimed water,
brackish water, in addition to implementing restrictions and/or penalties on potable water use for
landscape irrigation [32, 33, 34]. Therefore, there is a need for salt-tolerant turfgrass cultivars. In light
of the need, native bermudagrass germplasms collected from the Mediterranean region will also be
screened for salt tolerance and promising ones will be used for development of salt tolerant
bermudagrass cultivars. The interest in using alternative water resources for irrigation of turf is also
increasing in Turkey. Some golf clubs began utilizing reclaimed water sources for irrigation. In addition,
some clubs converted their green on the course to seashore paspalum, a highly salt tolerant species.
Maintaining turfgrasses with poor quality water can provide benefits by filtering pollutants and reducing
the dependence on potable water resources [10]

In conjunction with the use of the drought tolerant native or well adapted cultivars for a given
environment, the use of improved irrigation systems can lead up to 40 % water savings compared with
conventional irrigation techniques [11]. Many golf courses in the Mediterranean region uses improved
irrigation systems that apply water only when it is required by use of in situ soil moisture monitoring
systems. Pathan et al.(2003), demonstrated that use of the soil moisture sensor-controlled turf irrigation
system saved 100 L of water from leaching per square meter during a summer period of 154 days in
Western Australia [35]. The study to determine irrigation schedule in the Mediterranean of Turkey
showed that bermudagrass can be sustained with watering rate of 50-75% of evaporation seasonally
[36]. Similar water efficiency was reported by Short and Colmer (1999) from Perth in Western Australia.
They reported that warm season grasses could maintain acceptable growth and color with only 50-60%
of available water [37].

Since water use by a turfgrass can be altered substantially by any changes in management practices [15],
it is important to identify optimal sustainable turfgrass management system which require less inputs
under Mediterranean conditions for various species and cultivars. Specific cultural practices can be used
to decrease water use in urban landscapes, including mowing height and frequency, turfgrass nutrition
and turfgrass irrigation. Secondary cultural practices, such as plant growth regulators also influence
potential water conservation [15]. The main objective of plant growth regulator (PGR) application to
turfgrasses is to restrict leaf growth and the subsequent need for frequent mowing and watering.
Severmutlu et al. (2012) showed that mowing can be reduced over 60 % for most warm-climate turfgrass
species with PGR application in summer under Mediterranean conditions. This in turn would reduce the
need for water and fertilizer [38].
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CONCLUSION

Demands for parks, sports fields, and other recreational space in urban areas continues to rise. To meet
increasing green space need without imposing pressure on limited water sources, it is crucial to develop
and to use water efficient native turfgrass cultivars and/or well adapted species for the region. In
conclusion, bermudagrass and buffalograss species/cultivars possess superior drought resistance with
higher turfgrass quality, which can be used for water-efficient landscaping under the Mediterranean
environment. In addition, seashore paspalum is recommended for their superior salt tolerance and
adaptability to the region. These results will be helpful to landscape managers seeking to manage and
recommend suitable warm-climate turfgrass species and cultivars for water conservation for the
Mediterranean region. Future research on the long-term performance of these species under different
fertilization, mowing height, and irrigation regimes including reclaimed water sources should also be
considered to develop specific maintenance recommendations for a given species under Mediterranean
environment. With the use of native and well adapted drought resistant species such as bermudagrass,
buffalograss in conjunction with the best management practices, improved irrigation technologies, it
may be possible to sustain turfgrasses in urban landscapes with full benefits under Mediterranean
climates.
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