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Summary

Turfgrasses are a potential groundcover for green roof
systems. The current study investigates the evapotran-
spiration rates and drought tolerance of Festuca arundi-
nacea ‘Plantation’ when growing on extensive green
roof systems. The study was conducted in 2011 and
replicated on 2012. It was comprised of outdoor lysim-
eters that were equipped with all green roof drainage
layers and had different depths in order to host either
7.5 or 15.0 cm of substrate. Treatments included two
substrate depths (7.5 cm or 15 cm) and two irrigation
regimes, 85 % of the evapotranspiration rate (ET) and
65 % ET. Measurements included substrate moisture
content, Normalized Difference Vegetation Index
(NDVI), leaf stomatal resistance (LSR), and the evapo-

transpirational rate based on lysimeter weighing. It
was found that the higher irrigation regime of 85 % ET
increased NDVI, compared to 65 % ET. Similarly, increas-
ing substrate depth from 7.5 to 15.0 cm increased NDVI.
In contrast LSR was affected by irrigation regime only
on the first study year but it was not affected from sub-
strate depth. Evapotranspiration increased significantly
at the higher irrigation regime compared to the lower
one, while there were no differences between the two
substrate depths. In conclusion both irrigation regime
and substrate depth seem to be important for F. arundi-
nacea growth indices during a water deficit period.
However, only irrigation regime increased evapotran-
spiration rate while substrate depth did not.
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Introduction

It has been well established that green roofs are techno-
logical solutions that provide numerous environmental
and aesthetic benefits (GETTER and ROWE 2006; DUNNETT

and KINGSBURY 2010). These benefits include noise, tem-
perature and solar irradiance reduction, grading of rain-
storm water distribution and improvement of the aesthetic
quality of the urban environment. However several of these
advantages such as storm water management and ame-
lioration of the urban heat island effect are feasible only
if green roofs are implemented in adequately large scales
(AKBARI et al. 2001; GETTER and ROWE 2006).

Despite the worldwide acceptance of green roof bene-
fits, their application has been hindered in several coun-
tries due to local particularities as well as to the existence
of rigid construction guidelines. More specifically green
roof technology has been mainly implied in countries that
provide either direct compensation or indirect economi-
cal savings such as tax reduction. In contrast, green roof
application has been stagnant in countries that provide

little or none of the above mentioned governmental incen-
tives. Under these circumstances there is significant reluc-
tance of the residents and home owners to invest on green
roofs that are solely constructed for environmental pur-
poses rather than for providing a usable recreational out-
door space.

Turfgrasses can provide a viable solution for green roof-
ing since they posse a unique ability to serve all of the
three urban plant requirements, namely aesthetics, func-
tion and recreation (BEARD and GREEN 1994). However,
based on the existing guidelines for green roof construc-
tion, turfgrasses have been so far considered solely for
intensive green roof systems and thus increased substrate
depth and building load baring capacity is required. On
the other hand most of the existing urban buildings are
aged with limited load baring capacity, and thus green
roof weight is a significant factor that needs to be consid-
ered.

In order to overcome the above-mentioned dilemma,
KOTISIRS et al. (2013) proposed an adaptive green roof
system that will provide increased flexibility by deviating
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from the existing formulaic guidelines. In such approach
green roofs are not categorized either as extensive or inten-
sive or semi-intensive green roofs, but rather characteris-
tics of each one of those categories are intermingled to
accommodate for the particularities of each location.

Based on that concept, NTOULAS et al. (2012, 2013a, b)
investigated the use of turfgrasses on adaptive green roof
systems. The researchers utilized the shallow substrate
depth of extensive green roofs (either 7.5 cm or 15 cm)
combined with irrigation to support Zoysia matrella turf-
grass growth. They concluded that substrate depth was
indeed a significant factor but irrigation was able to com-
pensate for its reduction. This adaptive approach permits
the use of lightweight green roof constructions that can
actually be utilized as outdoor recreational areas and con-
tribute to the beneficial urban green network.

The approach of NTOULAS et al. (2012, 2013a, b) should
be expanded to other turfgrass species, broadly utilized in
the semi-arid locations in order to investigate their behav-
ior when grown under the shallow substrate depths of
the extensive green roof systems. Therefore the aim of the
current study is to determine the evapotranspiration and
drought tolerance of the transitional turfgrass species
Festuca arundinacea when grown in green roof systems
under different substrate depths and irrigation regimes.
The hypotheses of the study were as follows: a) Drought
tolerance of F. arundinacea should improve as depth and
irrigation increases; b) Increasing irrigation should com-
pensate for reducing substrate depth; c) Reduction of irri-
gation regime and substrate depth should impact evapo-
transpiration through turfgrass growth. The results from
such investigation are valuable in the effort to provide a
decision making tool that will support the necessary flex-
ibility for green roof construction in the semi-arid Medi-
terranean regions.

Materials and Methods

The mention of a trade mark, proprietary product, or ven-
dor does not imply endorsement by the authors, nor does

it imply approval to the exclusion of other products that may
also be suitable.

Experimental setup

The study was replicated in time. The first replication was
performed from 29 July until 22 August 2011; the second
study was performed from 4 May until 19 July 2012.

The study was a factorial experiment with two factors.
The first factor was green roof substrate depth that was
either 7.5 cm or 15 cm. The second factor was the irrigation
regime that consisted from a high and a low level. Each
treatment was replicated three times totaling 12 lysimeters
(2sub. depths × 2irrigation regimes × 3replications = 12 lysimeters).

Green roof construction within the lysimeters

The study consisted of 12 outdoor lysimeters with inter-
nal diameter of 30 cm. Within each lysimeter a complete
layered simulation of an extensive green roof system was
constructed (Fig. 1). More specifically, a protection mat
was placed at the bottom of the lysimeter which was a syn-
thetic cloth made of non rotting synthetic polyester fibers
having 3 mm thickness and a dry weight of 0.32 kg m–2

that also acts as a water depot by retaining 3 L m–2 of
water according to the manufacturer claims (TSM32, Zinco,
Egreen, Athens, 10672, Greece). A drainage layer of 25 mm
height and a weight of 1.5 kg m–2 (FD25, Zinco, Egreen,
Athens, 10672, Greece) with water retaining troughs and
openings for ventilation was placed over the protection
cloth. The drainage layer was made of recycled polyethyl-
ene and had the capacity to store 3 L m–2 serving as an
additional water storage tank. The drainage layer was cov-
ered by a non-woven geotextile (SF, Zinco, Egreen, Ath-
ens,10672, Greece) made of thermally strengthened poly-
propylene, having 600 μm thickness, a mass of 100 g m–2,
apparent opening size of D90 = 95 μm and water flow
rate of 0.07 m s–1. The filter sheet was used to prevent
fine particles migration from the substrate towards the
drainage layer to ensure that the drainage layer will not
clog and will function effectively.

Fig. 1. Schematic of the lysimeter construction indicating the different layers of the extensive green roof system.
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The lysimeters were filled with a specialized green roof
substrate based on pumice and its exact composition falls
under proprietary restrictions. The physical and chemical
properties of the substrate are provided in Table 1. Half of
the lysimeters had a substrate depth of 7.5 cm and the
other half had 15 cm, having a mass of 4.30 and 8.47 kg
for the low and high substrate depth respectively. Light
compression and leveling was applied at the substrates
after their placement into the lysimeters. The lysimeters
were seeded on 13 June 2011 with F. arundinacea ‘Plan-
tation’ and placed in a mist system for 3 weeks to promote
germination. Then the lysimeters were transferred onto
outdoor benches. The benches were equipped with a rain
shelter that could be spread in the rare case of a rain
event (only a single rain event occurred during the second
year of the study).

Irrigation regime

At the initiation of the deficient irrigation treatments all
lysimeters were irrigated close to saturation in order to
produce uniform substrate moisture conditions at the
initiation of the study. Thereafter, irrigation was performed
on a daily basis, according to the evaporation of a Class-A
Pan.

Turfgrass maintenance

Turfgrass sward was mowed at a heigh of 5 cm once a
week with handheld electric shear mower and clippings
were removed. Fertilization was applied once before the

initiation of each study (6 July 2011 and 28 March 2012)
with Floranid Permanent 16–7–15 (+2 Mg, +7 S + 0.5 Fe,
Compo Hellas SA) at a rate of 10 g m–2. 

Measurements

Moisture content of the substrate was determined daily,
just before the irrigation of the turfgrass using a dielectric
moisture sensor (FieldScout TDR 300 Soil Moisture Meter,
Spectrum Technologies, IL, USA). Measurements in sub-
strate profiles with different depth were achieved by inter-
changing the sensor rods. The rod length of the sensors
was 7.5 cm and 12 cm for the lysimeters with substrate
height of 7.5 and 15.0 cm respectively. For each rod length
sensor was calibrated for the specific substrate according
to the methodology described by KARGAS et al. (2013a, b).

The spectral reflectance of the canopy was determined
from each lysimeter before each irrigation event between
12:00 and 14:00 h using two double-channel SKR 1800
sensors (Skye Instruments Ltd, Powys, UK); one faced
upwards with a light correcting cosine diffuser to collect
the incident solar spectra, and the other faced down-
wards to collect the reflected spectra. The sensors had
center wavelengths of 650 nm (Red) and 800 nm (Near
Infrared-NIR) and a bandwidth of approximately 10 nm.
The sensors were connected to a display meter (SKL 925
SpectroSense2+.GPS, Skye Instruments Ltd, Powys, UK)
and mounted on a telescopic hand-held pole (SKL 910,
Skye Instruments Ltd, Powys, UK). The Normalized Dif-
ference Vegetation Index (NDVI) was calculated by Red
and NIR wavebands using the following formula:

Where NIRi = the incident NIR reading (μmol m–2 s–1),
Redi = the incident Red reading (μmol m–2 s–1), NIRr =
the reflected NIR reading (nA), Redr = the reflected Red
reading (nA) and Z = the Ratio Sensitivity of reflected
NIR/Red. The range of NDVI values varied between 0 and 1,
where zero represented no vegetation, and 1 represented
the highest possible density of green leaves in conjunc-
tion with the best plant physiological status (NTOULAS et
al. 2013a).

Stomatal resistance was determined using an AP4 dif-
fusion porometer (Delta-T Devices, UK) before each irri-
gation event, that is, at noon on cloudless days. Meas-
urements were made on the abaxial side of young fully
expanded leaves.

Evapotranspiration was determined for each treat-
ment by weighing the lysimeters with an S-type load cell
(LC101, Omega Engineering Limited, Manchester, U.K.)
connected to a digital indicator (DP41-S, Omega Engi-
neering Limited) in conjunction with the determination
of water inputs and outputs. Lysimeter weighing was per-
formed daily at about the same time before irrigation.

Table 1. Physical and chemical characteristics of the utilized
substrate.

Measurement Unit Value

Dry bulk density g cm–3 0.79

Saturated bulk density g cm–3 1.36

Total porosity % 54.00

Easily available water % 12.60

pH 7.92

Electrical conductivity μS cm–1 238.60

Mechanical analysis

> 10.00 mm 0.2

4.00–8.00 mm 10.8

2.00–4.00 mm 28.8

1.00–2.00 mm 25.6

0.50–1.00 mm 21.5

0.25–0.50 mm 6.3

0.10–0.25 mm 4.1

< 0.10 mm 2.7

NDVI Z NIRr× Redi×( ) Redr NIRi×( )–
Z NIRr× Redi×( ) Redr NIRi×( )+
--------------------------------------------------------------------------------------=
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Results and Discussion

In both study years the substrate moisture content exhib-
ited a reduction that was more abrupt at the initiation of the
irrigation treatments (Fig. 2 and 3). Differences between
the two irrigation regimes 85 and 65 % ET were more pro-
nounced in comparison with the substrate depth treat-
ment. In both study years the moisture of the shallow

substrate depth was increased compared with the deeper
substrates. This is in contrast to previous studies NTOULAS

et al. (2012, 2013a, b) with turfgrasses growing onto green
roofs. They substantiated that deeper profiles retained
higher moisture content. However in their case consecu-
tive water applications were spaced 3 days apart. In the
current study, irrigation was performed on a daily basis
and thus the same amount of water was distributed in a

Fig. 2. Volumetric water
content as affected by irri-
gation regime (85 or 65 %
ET) and substrate depth
(7.5 or 15.0 cm) during the
first study year (2011). Val-
ues are the means of three
replications. Asterisk (*) in
each sampling date, deno-
tes significant differences
among means at a proba-
bility level of P < 0.05.
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Fig. 3. Volumetric water
content as affected by irri-
gation regime (85 or 65 %
ET) and substrate depth
(7.5 or 15.0 cm) during the
second study year (2012).
Values are the means of
three replications. Aster-
isk (*) in each sampling
date, denotes significant
differences among means
at a probability level of
P < 0.05.

*
*

* *

* *

* **

*

*

*
*

***

0

5

10

15

20

25

30

35

4-May 9-May 14-May 19-May 24-May 29-May 3-Jun 8-Jun 13-Jun

Date

Su
bs

tr
at

e 
M

oi
st

ur
e 

Co
nt

en
t (

%
 v

/v
)

65% ET
85% ET

Irrigation

* ** ** **
*

****

0

5

10

15

20

25

30

35

40

4-May 9-May 14-May 19-May 24-May 29-May 3-Jun 8-Jun 13-Jun
Date

Su
bs

tra
te

 M
oi

st
ur

e 
C

on
te

nt
 (%

 v
/v

)

7.5cm
15.0cm

Substrate Depth
Europ.J.Hort.Sci. 3/2014



146 Nektarios et al.: Tall Fescue Drought Tolerance
smaller substrate volume in the shallow profiles compared
with the deeper profiles.

The NDVI provided a similar trend in both study years.
Tall fescue retained its initial NDVI values for almost two
weeks before they started to decrease (Fig. 4 and 5). NDVI

values decreased more abruptly at the low irrigation regime
(65 % ET) and the shallow substrate profiles (7.5 cm) in
both study years. Based on NDVI measurements it is clear
that tall fescue plants growing either in shallow substrates
(7.5 cm) or under deficient irrigation (65 % of ET) stressed

Fig. 4. Normalized Differ-
ence Vegetation Index
(NDVI) as affected by irri-
gation regime (85 or 65 %
ET) and substrate depth
(7.5 or 15.0 cm) during the
first study year (2011). Val-
ues are the means of three
replications. Asterisk (*) in
each sampling date, deno-
tes significant differences
among means at a proba-
bility level of P < 0.05.
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Fig. 5. Normalized Differ-
ence Vegetation Index
(NDVI) as affected by irri-
gation regime (85 or 65 %
ET) and substrate depth
(7.5 or 15.0 cm) during the
second study year (2012).
Values are the means of
three replications. Aster-
isk (*) in each sampling
date, denotes significant
differences among means
at a probability level of
P < 0.05.
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greater and more rapidly than the deeper substrate and
the high irrigation (85 % of ET) regime. These findings
are in accordance with those reported by NTOULAS et al.
(2012, 2013a, b) that evaluated Zoysia matrella drought
tolerance in different extensive green roof substrates.
They reported a reduction of NDVI values within 6 days
after the imposition of water deficient period. Despite the
fact that Z. matrella is a more drought tolerant warm-sea-
son plant compared to tall fescue, water application rates
in Z. matrella studies were much lower (12.5 %, 25 % of
cumulative ET), explaining the different turfgrass responses
between these green roof studies. In 2012 of this trial, the
separation between treatments was more profound since
the increased irrigation regime and the deeper profiles
retained NDVI values that were higher than 0.6 indicat-
ing that visual quality and the aesthetic value of the turf
was close to the minimum acceptable levels. In contrast,
the shallow profiles and the deficit irrigation level (65 %
ET) exhibited NDVI values below 0.6, 20 days after the
imposition of the water stress period.

The obtained data from the leaf stomatal resistance,
supported only partially the observed NDVI differences
between the treatments (Fig. 6 and 7). More specifically
in the first study year (2011) the low irrigation regime
(65 % of ET) provided increased stomatal resistance indi-
cating that under the low irrigation regime tall fescue
plants were more stressed compared with the higher irri-
gation regime. In the second study year a similar trend

was observed but differences were not statistically signifi-
cant except from a single date. In contrast substrate depth
provided almost identical leaf stomatal resistance. It is
speculated that due to the daily irrigation the troughs of
the drainage system retained adequate water quantities
that were absorbed by plant root hairs and thus prohibited
the closure of the guard cells.

In contrast to our findings NTOULAS et al. 2013a, found
immediate response of Zoysia matrella to severe water
deficit (25 % ET). They reported an immediate increase
in stomatal resistance within 3 days after water stress impo-
sition. The observed differences between the two studies
can be caused either by the differences in water stress
severity (25 % in comparison with either 65 % or 85 % ET)
and/or by the different metabolic pathways of Z. matrella
(C4) and F. arundinacea (C3). It has been reported that
stomatal conductance decreases earlier than photosyn-
thesis under water deficit conditions in Cynodon dactylon,
Z. japonica and Paspalum dilatatum in order to enhance
their water use efficiency (CARMO-SILVA et al. 2008).

The observed differences between treatments influ-
enced cumulative evapotranspiration only during the
first study year (Fig. 8). Irrigation at 85 % of ET exhibited
higher evapotranspiration compared with 65 % ET only
after 20 days of water stress imposition had passed. These
differences coincided with NDVI reduction (Fig. 4) as well
as with substrate moisture reduction (Fig. 2). Differences
between the two substrate depths were not significant. In 

Fig. 6. Leaf stomatal re-
sistance (s cm–1) as affect-
ed by irrigation regime
(85 or 65 % ET) and sub-
strate depth (7.5 or 15.0 cm)
during the first study
year (2011). Values are the
means of three repli-
cations. Asterisk (*) in
each sampling date, deno-
tes significant differences
among means at a proba-
bility level of P < 0.05.
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Fig. 7. Leaf stomatal re-
sistance (s cm–1) as affect-
ed by irrigation regime
(85 or 65 % ET) and sub-
strate depth (7.5 or 15.0 cm)
during the second study
year (2012). Values are the
means of three repli-
cations. Asterisk (*) in
each sampling date, deno-
tes significant differences
among means at a proba-
bility level of P < 0.05.
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Fig. 8. Cumulative evapo-
transpiration (mm) as af-
fected by irrigation regime
(85 or 65 % ET) and sub-
strate depth (7.5 or 15.0 cm)
for the two study years
(2011 and 2012). Values are
the means of three repli-
cations. Bars represents
Fisher’ least significance
difference (LSD) at P < 0.05.
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the second study year (2012) the observed trend was sim-
ilar with 2011 but differences were not statistically signifi-
cant.

Conclusions

During water stress periods tall fescue can adequately
and sustainably grow on extensive green roof systems
provided irrigation is no less than 85 % of ET. In addition,
substrate depth can be reduced from 15 cm to 7.5 cm
without significantly stressing the turfgrass plants. Tall
fescue evapotranspiration depends on the applied irriga-
tion regime and not on the substrate depth.
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