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Highlights

The lightest material among the substrates analysed in the study is loofah.

The most successful material in terms of the minimization of the compaction in the planting layer is loofah.

The most successful material in terms of temperature and moisture is perlite.

Perlite has shown the highest success in terms of plant growth.

Cocopeat has the highest water holding capacity among the substrates studied.

The soil can not be used alone for the best performance while preparing the plant growing media.

Abstract. This research was carried out in Izmir-Turkiye and investigated the potential of using three different substrates
(cocopeat, loofah and perlite) in the design of green roofs with succulents (Crassula ovata) in aim to improve their per-
formance. In this research, four different groups (G;: Soil-Cocopeat, G,: Soil-Loofah, Gj: Soil-Perlite and G,: Soil) were
created according to the plant growing media used in the planting layer. The researchers conducted measurements of the
drained irrigation water’s EC (Electrical Conductivity) value, pH value and drainage amount, the plant growing media’s
temperature and moisture, the plant’s height and leaf number, and the amount of subsidence in the planting layer. In line
with the results obtained from the evaluations of the analyses, it is possible to say that perlite (G3) offers more advantages
than its alternatives in terms of many variables. However, according to the conclusive results, it has been understood that
the use of a single type of substrate as plant growing media would not be sufficient to encourage the maximum perfor-
mance of green roofs. To ensure that, considering the advantages of each substrate group, it is proposed that their com-

bined use would be more beneficial.

Keywords: roof garden, vegetated roof, loofah, cocopeat, perlite, Crassula ovata.

Introduction

Several studies have been carried out to propose ways of
reducing the effects of climate change, the symptoms of
which we observe today, and preserving ecological bal-
ance. Among these studies, the ecosystem-based approach,
green roof applications, have gained momentum in terms
of ensuring the sustainability of ecological balance (Gtil-
giin Aslan & Yazici, 2016). The aim of green roof designs,
which are important elements of landscape architecture,
has shifted from providing aesthetic pleasure to creating a
component of urban ecology (Younis et al., 2020). As a re-
sult, different terms such as “roof garden”, “vegetated roof”
or “living roofs” have come to the fore today (Eksi, 2014).

Green roofs, which are classified as green space structures
that offer important ecological benefits to cities, can be
effective against the consequences of climate change, such
as floods and overflows caused by heavy rains, high city
temperatures, and atmospheric pollution (Dunnett &
Kingsbury, 2008; Manso et al., 2021). At the same time,
the vegetation in the green roofs can provide a living envi-
ronment for birds and insects, clean the air, and positively
improve the conditions of the habitat of all living things by
cooling the air through evaporation (Wooster et al., 2022).
Besides providing micro-climate control, green roofs can
also reduce the wind speed and act as a sound insulation
layer by absorbing sound waves (Rowe, 2011; Manso et al.,
2021). In addition, green roofs improve aesthetic value,
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increase work efficiency, and encourage the development
of social relations by providing people with alternative
and special resting areas, especially in buildings used for
tourism, work, education, and health services. Green roofs
also increase the economic value of the buildings, and
make them preferable (Erkul & Sonmez, 2014).

In green roof applications, the climate conditions of
the region such as wind, solar radiation duration and in-
tensity, temperature, precipitation, and structural condi-
tions, such as the roof’s load carrying capacity, slope and
direction, are important factors. Besides the static struc-
ture of the building, other factors affecting the success of
a green roof can be named as; the qualities and properties
of the substrate used in the growing of plants and the de-
sign of the roof cover. The roof cover consists of different
layers; the planting layer, filter, drainage, protection, wa-
ter and heat insulation, and structural layer (Reyes et al.,
2016; Korol et al., 2018; Cascone, 2019). It is highly im-
portant to ensure the waterproofing and thermal insula-
tion of the roof cover as it is essential, but increases the
green roof’s installation cost and is challenging to prepare.
The substrates examined in this study are materials that
can be used in sufficient quantities for plants that grow
in a limited area, can act as a buffer, do not carry disease-
pests and weed seeds, and have high water holding capac-
ity and nutrient contents. The pH value of the substrate
may vary in relation to the requirements of the vegetation,
but it should be between 6.0, and 8.5 and for turf sub-
strates between 5.5 and 7.5 (Landscape Development and
Landscaping Research Society e.V. [FLL], 2018).

The use of soil as a sole substrate in green roofs is not
highly recommended due to several disadvantages (the
clogging of the filter layer, spreading of weed seeds and
the high cost of controlling, loss of porous structure due
to soil compaction, etc.) (Calheiros & Stefanakis, 2021).
Nonetheless, lightweight textured soil can be preferred, as
well as soil combining high organic matter content (farm-
yard manure, compost, peat, decomposed sawdust or bark,
cocopeat, etc.) and inorganic materials (perlite, volcanic
tuff, pumice, rockwool, schist, vermiculite, etc.) in certain
proportions (Aslanboga, 1988; Urgeng, 1990; Johnston &
Newton, 1993; Ampim et al., 2010). In recent years, mush-
room compost and sewage sludge have been included in
these materials. However, sewage sludge requires careful
handling due to its heavy metal concentration (Woolley
& Kimmins, 2000). Components such as recycled waste
materials and by-products from foundries or incinerators
could potentially be used, but contaminant concentrations
must be taken into consideration (Rowe, 2011). In the case
of a wrong substrate choice, the consequences could be
compaction, imbalances between water and air, asphyx-
ia of the root apparatus, increased weight, reduction in
drainage, and the alteration of nutrients (Cascone, 2019).

The roof load bearing capacity is an important factor
when deciding the plant species that will be used in the
green roof and the thickness of the planting layer. Inten-
sive green roofs, those with more than 15 cm of planting

layer, can host a variety of plants such as herbaceous pe-
rennials, grass, and even trees, if the roof has adequate
structural support. On extensive green roofs with a plant-
ing layer depth of 15 cm or less, the shallow planting lay-
ers cannot sustain most plants except those particularly
adapted to drought and extreme temperatures (Vandegrift
et al,, 2019).

Consistent with the FLL recommendations, the first
accepted generalization is that succulent-dominated green
roofs are well-suited to survive the extreme conditions of
roofs and based on the many of the ecoregions investi-
gated, they prefer shallow growing media, from 7 to 10 cm
thickness. The second generalization is that herbaceous-
dominated green roofs appear to need growing media
more than 10 cm deep across most ecoregions (Dvorak &
Volder, 2010). Cascone (2019) has proposed that gener-
ally, the growing media weight of extensive roofs varies
between 12-14 kg m~2 with a thickness of 8 cm, and of
intensive roofs it is around 600 kg m~2 with a thickness
of 50-60 cm.

Accordingly, this study has preferred to investigate the
design of an extensive green roof by using succulents as
they will not grow extensively tall, are drought resistant,
and have low nutrient requirements. This study has aimed
to demonstrate the potential use of three different sub-
strates (mixed with soil; cocopeat, loofah, and perlite) in
the green roofs.

1. Materials and methods

The research was carried out at Ege University Baymdir
Vocational School in Izmir- Turkiye during the 3-month
long summer period (from June 2021 to September 2021)
as an open field pot experiment.

1.1. Plant materials

The plant species that was used to achieve the research
target was Crassula ovata, which belongs to the succulent
(fleshy-leaved) plant family and is suitable for extensive
green roof designs. The plant seedlings that were chosen
had reached a homogenous size, demonstrated healthy
development, had 15 leaves, were 10 cm long, and did
not show branching. The plants of the family Crassula-
ceae are often used in green roofs designs due to their
low irrigation requirements and adaptability to sunny en-
vironments. The use of plants with low irrigation require-
ments is all the more advantageous in places where water
availability is limited (Chagolla-Aranda et al., 2017). Thus,
Crassula ovata species was chosen for the study due to
its capability to develop quickly as a plant material and
because the plant’s oval leaves would provide easier mea-
surement during the research.

1.2. Substrates

For the green roof designs in the research, 4 different
groups (G, G,, G; and G)) were formed according to the
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plant growing media used in the planting layer. Kadioglu
and Canbolat (2019), determined that the mixing ratio
of perlite with soil of 25%:75% has higher water holding
capacity than other mixing media. In this study, the sub-
strate ratios of the plant growing media used in the groups
were determined as 25%:75%. The substrate contents of
the plant growing media used in these groups are as fol-
lows:
- Gy: The substrate used was S;5:Co,5 and consisted
of soil (S) and cocopeat (Co) in a volumetric ratio
of 75:25.
- Gy: The substrate used was S;5:Lo,5 and consisted of
soil (S) and loofah (Lo) in a volumetric ratio of 75:25.
- Gj: The substrate used was S,5:Pe,s and consisted of
soil (S) and perlite (Pe) in a volumetric ratio of 75:25.
- Gy: The substrate used was S;,, and consisted of soil
(S) in a volumetric ratio of 100:- (Control group).
The bulk density (g cm™) and the visuals of the sub-
strates featured in the study can be found in Figure 1.

Substrates | Cocopeat  Loofah Perlite Soil
g cm™ 0.19 0.04 0.24 133

Figure 1. The bulk density and visuals of the substrates used in
the experiment

The physical and chemical properties of the substrates
in the research are as follows:

- Cocopeat: EC < 0.5 ds m™!, pH 5.5-7;

- Perlite: EC < 0.0 ds m™!, pH 6.5-7.5,

particle size < 3.0 mm;

- Soil: Texture loamy sand, pH 7.79, EC 0.12 ds m™!,
organic matter content 0.45%, nitrogen content
0.022%.

Loofah: Any literature and research on the use of loo-
fah (Luffa cylindrica) as a substrate could not be found.
Thus, the results obtained from this research could po-
tentially contribute to the literature regarding the use of
loofah as a substrate in green roof applications. The fibre
part obtained from the matured dried fruit of the loofah
plant was used in this study. The Loofah was divided into
small pieces (3-5 mm) with the help of scissors before
being mixed homogeneously into the soil.

1.3. Experimental design

The research area was designed in 3 replicates in accor-
dance with the “random blocks experimental design”
Transparent plastic pots with a diameter of 15 cm and
a drainage outlet at the bottom were used as green roof
models in the study area. Drainage containers with a vol-
ume of 1.5 litres were placed under the pots, which were
connected to a drainage outlet preventing any possible
leaks. Extensive green roof design principles were ap-
plied during the preparation process of the pots (Reyes

et al., 2016; Korol et al., 2018; Cascone, 2019). To evalu-
ate the potential of the substrates within the scope of this
research, the pot arrangement in the experiment featured
the planting layer, filter, and drainage layers, after each
was considered sufficient. In this regard, the pebbles were
placed in all the pots at a height of 5 cm first.

In green roof designs, a filtering layer should be used
between the drainage and planting layer (Ozdemir & Al-
tun, 2010; Seckin & Segkin, 2016). Thus, the geotextile
product named Polypropylene fabric (95 g m2), also
known as ground cover fabric in landscaping, was chosen
as the filtration material. Accordingly, the polypropylene
fabric was laid on the pebbles as a filtration material in
all the pots.

Dvorak and Volder (2010) demonstrated that succu-
lents performed best in the growing media at a depth of
7-10 cm. Cascone (2019) stated that generally for exten-
sive green roofs, the growing media should have a thick-
ness of 8 cm. Therefore, the depth of planting layer was
an average of 8 cm. The four separately prepared plant
growing medias were laid on the polypropylene fabric at
a depth of 8 cm to form the planting layers. No nutri-
ent solution was added to the plant growing media as the
plants did not require fertilization throughout the research
period.

After adding the plant growing media into the pots,
Crassula ovata was planted as one plant per pot.

The sample trial pot created for this study based on
extensive green roof design principles is given in Fig-

ure 2.
E " Crassula ovata

| Planting layer - (8 cm)
d (G/G,/G)/G)

Filtration material

4 Drainage layer — (5 cm)

Drainage container

Figure 2. Cross-section of the sample pot used in study

1.4. Measurments

The study area, which is under the conditions of a climate
with dry summers, received no precipitation in through-
out this research process. The plants were watered under
careful control. In the irrigation process, which was ini-
tiated after the planting, 800 mL of water per plant was
used. The pots were watered twice a week at 9:00 a.m. with
the use of a measuring cup to ensure they would receive
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the same amount (400 mL day™!). The measurements of
the plant growing media’s temperature and moisture were
carried out 24 hours after the irrigation process was com-
pleted. These measurements were made at a depth of 5
cm from the surface, taking into consideration the plant
root depth in the pot. A hand-held digital thermometer
(TempLog Digital Thermometer) was used for tempera-
ture measurements, and a pot type moisture meter was
used for moisture measurement.

Following the completed irrigation processes, the
drained irrigation water collected in the lidded drainage
containers was measured by volume every week before
being removed from the system. After the determination
of the drainage amounts, the EC (Electrical conductivity)
value and pH value measurements were carried out in the
drained water once a week. An EC meter (WTW, Cond
330i conductivity meter set) was used for the EC value
measurements and a pH meter [WTW, pH 3210 (330i)
pH meter set (portable)] was used for pH value measure-
ments.

To determine the amount of subsidence in the plant-
ing layer, which was designed with a depth of 8 cm at the
beginning of the study, the height of the planting layer was
once again measured at the end of the experiment.

In order to examine the effect of the 4 groups, (differ-
ing based on the substrates of their plant growing media)
on the plants growth, plant height (cm) and leaf number
(number) measurements were carried out once a week to
observe the plants’ physical properties.

1.5. Statistical analyses

Various statistical analyses were applied to test whether
the factors examined in this study differ in relation to sub-
strates. The factors examined were EC value (uS cm™),
pH value, drainage amount (mL), in-pot temperature (°C),
in-pot moisture (%), plant height (cm), number of leaves
(number), and subsidence (mm) in the planting layer.
Since the data can be variable, the Kolmogorov-Smirnov
test was used to conduct a normal distribution test. While
analysis of variance (one-way anova) was applied to the
variants demonstrating normal distribution, Kruskal-
Wallis was applied to those that did not. The data in this
study were analysed using the IBM SPSS Statistics (v21)
software.

1.6. Hypotheses

The results obtained from this study aimed to determine
the substrate that offers the most suitable conditions,
among those examined in the study, to be used in the ex-
tensive green roofs. With this research, some hypotheses
have been proposed regarding the substrates that could be
used in extensive green roofs. These hypotheses are stated
below:

H1: In extensive green roofs, EC value (uS cm™), pH
value, drainage amount (mL), in-pot temperature (°C),
in-pot moisture (%), plant height (cm), number of leaves

(number), and the amount of subsidence (mm) in the
planting layer vary based on the performance of different
types of substrates.

H2: To achieve the best performance in extensive
green roofs, it is not sufficient to use a single type of sub-
strate as plant growing media.

2. Results
2.1. EC value

The descriptive statistical results of the EC (Electrical
conductivity) measurements, that were conducted on the
groups with the differing substrates analysed in this study,
can be found on Table 1. According to this, the highest
salinity (EC) values within the irrigation water drained
from the planting layer were spotted in the group (G,),
in which cocopeat was used as the substrate. The lowest
salinity values were found in the control group (G), fol-
lowed by the group using loofah as substrate (G,). Due
to the normal distribution of the data, one-way ANOVA
analysis was used to analyse the statistical differences be-
tween the substrates in terms of salinity (EC) values. Ac-
cording to the results obtained from the analysis, a signifi-
cant statistical difference was found between the substrates
in terms of salinity (EC) values at the 5% significance level
(F = 4.096; p = 0.007).

Table 1. The salinity (EC) values (uS cm™!) of substrates

Substrates | n | Mean | Minimum [ Maximum | Std. Deviation
G, 9 |444.54| 275.00 655.00 100.71310
G, 9141592 | 256.00 670.00 125.61636
G; 9 |1424.75| 254.00 706.00 115.23709
Gy 91397.33 | 242.00 803.00 124.96457
2.2. pH value

The descriptive statistical results that were obtained by
the pH measurement of the groups featuring the differing
substrates are given in Table 2. Accordingly, the lowest pH
value of 9.23 was obtained from the loofah group (G,).
This was followed by the cocopeat group (G;) with 9.35.
The highest values were found in the perlite group (G3)
and control group (Gg), which were close to each other,
with 9.51 and 9.56 respectively. According to the results of
one-way ANOVA analysis, no statistically significant dif-
ference was found between the substrates in terms of pH
values (F = 1.485; p = 0.219).

Table 2. pH values according to substrates

Substrates | n | Mean | Minimum | Maximum | Std. Deviation
G, 91 935 8.57 10.46 0.49426
G, 91 9.23 8.50 10.29 0.50118
G; 91951 8.81 10.69 0.60909
Gy 9| 9.56 8.75 10.74 0.65400
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2.3. Drainage amount

The drainage amount measured from the pot drainage
outlets of the groups featuring the differing substrates
analysed in this study are shown in Table 3. According
to these measurements the lowest drainage amount was
found in the cocopeat group (G;) with 185.83 mL. This
was followed by perlite (G;) with 217.63 mL, loofah (G,)
with 257.42 mL, and control group (G,) with 342.54 mL.

Because the data did not demonstrate normal distribu-
tion, the Kruskal-Wallis test was applied to determine the
difference in the measured drainage amounts according
to the substrates. According to the test results obtained,
a statistically significant difference was found between
the substrates in terms of drainage amounts (Chi-Square:
50.801; p = 0.000).

Table 3. Measured drainage amounts according to substrates

(mL)
Substrates | n | Mean | Minimum | Maximum |Std. Deviation
G, 9 1185.83 130.00 270.00 45.84915
G, 9 |257.42 135.00 373.00 68.29407
G; 9(217.63 108.00 350.00 63.28735
Gy 9 1342.54 | 204.00 460.00 70.82126

2.4. In-pot temperature

The air temperature readings recorded during the study
were between min. 34.14 °C - max. 46.08 °C. The average
temperature values measured in the pot according to the
groups with the differing substrates are given in Table 4.
According to the findings, the lowest temperature value
among the results was spotted in the perlite group (G3)
with 34.10 °C. Besides that, the values measured in the co-
copeat group (G,) and loofah group (G,), being 34.32 °C
and 34.92 °C respectively, were close to the values observed
in the perlite group (Gj). It was determined that the av-
erage temperature value measured in the control group
(Gy) was 36.09 °C, which was the highest compared to the
other groups. According to the Kruskal-Wallis test results,
a statistically significant difference was found between the
substrates in terms of temperature values (Chi-Square:
9.303; p = 0.026).

Table 4. Average temperature values measured by substrates

(°C)

Substrates | n | Mean | Minimum | Maximum | Std. Deviation
G, 9 |34.32 28.30 41.10 4.40773
G, 9|34.92 28.50 41.20 3.96799
G; 9| 34.10 28.20 41.30 4.42879
Gy 9 |36.09 29.00 43.00 4.18630

2.5. In-pot moisture

The relative humidity readings recorded during the study
were between min. 15.0% - max. 39.12%. The average

moisture content values measured in the pots of the
groups with the differing substrates are given in Table 5.
According to these numbers, the highest moisture content
value among the substrates was determined as 40.58% in
the perlite group (Gj;). This was followed by the cocope-
at group (G,) with 39.54%, the loofah group (G,) with
36.08% and the control group (G,) with 26.21%. As it
can be understood from these values, a very low moisture
value was observed in the control group, in which there
was no intervention. As the data was not normally dis-
tributed, the Kruskal-Wallis test was applied to examine
the difference in the moisture content values according
to the substrates. According to the test results obtained,
a statistically significant difference was found between
the substrates in terms of moisture values (Chi-Square:
16.875; p = 0.001).

Table 5. Average moisture content values according to
substrates (%)

Substrates | n | Mean | Minimum | Maximum | Std. Deviation
G, 9 |39.54 22.00 66.00 12.23317
G, 9 |36.08 15.00 54.00 11.16250
G; 9 | 40.58 18.00 62.00 12.52794
Gy 9126.21 12.00 42.00 10.57881

2.6. Plant height

The average plant height measurements of the groups with
the differing substrates analysed in the study are given in
Table 6. According to these, the highest value of plant
height was determined as 14.04 cm in the perlite group
(G3). This was followed by the control group (G,) with
12.00 cm, the cocopeat group (G,) with 11.80 cm, and the
loofah group (G,) with 10.94 cm. Since the data did not
demonstrate normal distribution, the Kruskal-Wallis test
was applied to determine the difference in plant height
values measured according to the substrates. According
to the test results, a statistically significant difference was
found between the substrates in terms of plant height val-
ues (Chi-Square: 25.262; p = 0.000).

Table 6. Average plant heights by substrates (cm)

Substrates | n | Mean | Minimum | Maximum | Std. Deviation
G, 9111.80 10.00 14.00 1.21386
G, 9110.94 10.00 12.30 0.63095
Gj 9| 14.04 10.00 18.00 2.67938
Gy 9112.00 10.00 15.80 1.69090

2.7. Number of leaves

The recorded leaf numbers of the groups with the differ-
ent substrates can be seen in Table 7. According to the
findings, perlite group (G;) and control group (G,) had
the highest number of leaves per plant with 29.96. This
was followed by the cocopeat group (G;) with 26.21. The
lowest number of leaves per plant was determined as 18.67
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in the loofah group (G,). According to the Kruskal-Wallis
test results, a statistically significant difference was found
between the substrates in terms of leaf number values
(Chi-Square: 25.463; p = 0.000).

Table 7. Average number of leaves by substrates (number)

Substrates | n | Mean | Minimum | Maximum | Std. Deviation
G, 9126.21 15.00 40.00 7.12606
G, 91 18.67 15.00 30.00 4.39037
G; 9 129.96 15.00 48.00 10.42355
Gy 9 129.96 15.00 48.00 10.42355

2.8. Amount of subsidence in the planting layer

The amount of subsidence observed in the pots of the
groups with the differing substrates analysed in the study
are given in Table 8. According to these values, the group
demonstrating the least subsidence was the loofah group
(G,) with 3.83 mm. This was followed by the perlite
group (G;) with 4.67 mm, the cocopeat group (G;) with
5.17 mm, and the control group (G,) with 11.83 mm.
As it can be understood from these findings, the aver-
age amount of subsidence was the highest in the control
group (G,) with only soil. According to the Kruskal-Wallis
test results, a statistically significant difference was found
between substrates in terms of subsidence values (Chi-
Square: 26.094; p = 0.000).

Table 8. Average amount of subsidence in the planting layer
according to the substrates (mm)

Substrates | n | Mean | Minimum | Maximum | Std. Deviation
G, 91| 517 4.00 6.00 1.04083
G, 9] 3.83 3.50 4.00 0.28868
G; 9| 4.67 4.00 5.00 0.57735
Gy 9| 11.83 7.50 15.50 4.04145

3. Discussions

The data obtained during the study of the groups with dif-
fering substrates are summarized and given in Table 9 to
demonstrate the substrates’ superior properties.

Among the groups with the differing substrates ana-
lysed in this study, the lowest EC value was observed in
the loofah group (G,) following the control group (G). It
is known that the growth and development of plants are
negatively affected by the high EC value since it indicates
the presence of high levels of soil salinity (Ekmekgi et al.,
2005). Thus, apart from the control group (G,), the loofah
group (G,) was the best option in terms of salinity drain-
age among the substrates.

When the data was analysed in terms of the amount
of drainage, the lowest amount of drainage among the
groups with the differing substrates was observed in the
cocopeat (G) group, followed by the perlite group (Gs).
It is known that the amount of drainage water should be

kept at a minimum to reduce the negative effects of exces-
sive drainage on the environment, and minimize the cost
of fertilizer (Basar, 2000). For this reason, it was concluded
that the cocopeat group (G;) was better than the alter-
native substrates in terms of drainage amount, while the
control group (G,) should not be preferred due to the very
high drainage amount.

When the data was examined in terms of pot tempera-
ture, close values between the substrates were observed,
except for the control group (Gy), as its pot temperature
was considered high. As is known, the planting layer’s heat
storage feature becomes beneficial in the summer due to
the cooling effect of the plant layer on the surface, which
also decreases the access of thermal load and reduces the
cooling energy needs of buildings (Liu, 2004; Gaffin et al.,
2006; Saiz et al., 2006; Aycam & Kinali, 2013). It has been
observed that the addition of the substrates analysed in
this research to the plant growing media has a positive
impact since it protects the planting layer from high tem-
perature, and hence, the building as well.

When the data was analysed in terms of the in-pot
moisture, close values were observed among the substrates
analysed in the study, except for the control group (Gy)
as the soil moisture of that group was low. It is known
that plants initially get stressed due to the decrease in the
amount of water in the soil and if the moisture decrease
continues, they ultimately die (Tamsa, 2013). It has been
concluded that adding the analysed substrates to the plant
growing media would contribute positively in terms of
moisture retention for plant roots.

The highest results for the number of leaves and plant
height were observed in the perlite group (G;) among the
groups with the differing substrates analysed in the study.
While the control group (G,) showed the same success as
the perlite group (Gj;) according to the number of leaves,
it ranked second, behind the perlite group (Gj3), in terms
of plant height. It is believed that the results obtained in
terms of plant growth will vary according to the needs of
the different plant species that can be used in extensive
green roof designs. In this study where the Crassula ovata
plant was used, the plant growth in all groups was consid-
ered sufficient and it was concluded that all the substrates
included in the study can be used as plant growing media
in extensive green roof designs.

When the data on the amount of subsidence in the
planting layer was examined, the best result in terms
of the amount of subsidence was observed in the loo-
fah group (G,) with the least amount, while the high-
est amount of subsidence was seen in the control group
(Gg). Subsidence is a degradation process related to
compression and occurs when the structural form of the
planting layer gets disrupted because of rainfall or ex-
ternal mechanical forces. Compression in the planting
layer may cause negativities in the physical and hydro-
logical properties of the environment, but also lead to
the physiological deterioration of plants, affect the plant’s
balance and its growth hormones, and limit its intake
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Table 9. Ordinal distribution of factors compared by substrates (1: best; 4: worst)

EC pH Drainage Temp. Moist. Plant height | Number of leaves | Subsidence
Substrates
G, 4 2 1 2 2 3 3 2
G, 2 1 3 3 3 4 4 1
G, 3 3 2 1 1 1 1 3
Gy 1 4 4 4 4 2 2 4
Statistically significant
difference among groups yes no yes yes yes yes yes yes

of nutrients (Turgut, 2012). According to the results ob-
tained, regarding the addition of the researched substrates
to the plant growing media, it has been observed that they
significantly contribute to the reduction of the amount of
subsidence in the planting layer.

The data obtained by the groups with the differing
substrates analysed in the study are evaluated on a scale
from 1 to 4 and summarized in Table 9. Regarding all the
data obtained in terms of the substrates included in the
experiment, the best case was evaluated as 1 point and the
worst case 4 points. In the evaluation carried out, those
that demonstrated a statistically significant differences
in terms of the studied factors were taken into account.
According to this, it was understood that the best option
among the substrates in terms of EC values was the con-
trol group (Gy). Since there was no statistically significant
difference between the substrates in terms of pH values,
this factor was not taken into account. It was determined
that the group with the best water holding capacity ac-
cording to the measured drainage amount was cocopeat
(G)). On the other hand, the perlite group (G3) turned
out to be the best option in terms of in-pot temperature,
in-pot moisture, plant height and number of leaves per
plant. In regard to the amount of subsidence in the plant-
ing layer, the best result was observed in the loofah group
(G,). According to all the results, it is possible to say that
perlite (Gs) offers more advantages than the alternative
substrates in terms of many variables. In addition, in line
with the hypotheses of the study, the performance of the
groups according to the substrate types has varied regard-
ing “EC value”, “pH value”, “drainage amount”, “in-pot
temperature’, “in-pot moisture”, “plant height’, “number
of leaves” and “the amount of subsidence in the planting
layer”.

It is believed that the use of a single type of substrate
as plant growing media would not be sufficient in terms
of ensuring the best performance of extensive green roofs,
and it would be more beneficial to consider the advantages
that each substrate group demonstrated in the aforemen-
tioned subcategories.

Conclusions

Green roofs and green areas are an important indicator
of the quality of urban life. They establish a connection

between nature and the city’s nostalgia for green spaces,
and they incorporate nature within the city. This study has
aimed to provide information regarding the ecosystem-
based approach of green roofs and discuss the potential
use of the researched substrates in extensive green roofs.
In this regard, recommendations were made according to
the results obtained from the study.

One of the most important aspects in the design of ex-
tensive green roofs is the weight of the roof covering layer,
which should be appropriate for low load-bearing roofs.
In order to reduce the weight on the roof, the lightest pos-
sible substrates should be preferred within the planting
layer. In this regard, it has been observed that the light-
est material among the substrates analysed in the study is
loofah, which could be a good choice. In addition, loofah
was chosen as the substrate with the highest performance
among the others in this study regarding the minimization
of the subsidence in the planting layer. Since there is no
existing literature on the use of loofah as a substrate, it is
proposed that the results obtained from this study contrib-
ute to the literature on the use of loofah as a substrate in
green roof applications.

It is impossible to determine a single universal green
roof substrate that could be preferred in all green roofs
since its effects could change based on the green roof’s
design, climate conditions and geographical location, eco-
logical suitability etc.

However, within the conditions that the research was
carried out; although loofah has ranked behind the other
substrates in terms of plant growth, it is a light mate-
rial and creates a strong resistance against the substrate
shrinkage that may occur in the planting layer. In addition
to its success in in-pot temperature and moisture, perlite
has shown the highest success in terms of plant growth
among all the substrates included in the study. Cocopeat
has the highest water holding capacity among the sub-
strates studied.

To achieve the best performance in extensive green
roofs, it is recommended not to use the soil alone while
preparing the plant growing media but to combine it with
more than one substrate type, after considering the success
rate of the substrates or according to the type of substrates.

It is believed that the results obtained from this study
will benefit the relevant literature, initiate different studies,
and shed light on future research.
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