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Abstract. This study aimed to determine the effects of different amounts of hydrophilic polymer, in three
green roof substrates, on the growth of Salvia elegans. Coir dust and perlite were mixed in ratios of 80%
to 20% (C4P1), 50% to 50% (C1P1), and 20 to 80% (C:P4) at a substrate depth of 20 cm. Hydrophilic
polymer were added to three substrates in the amounts of 0, 0.25, 0.5, 1.0, and 2.0 kg-m™. The survival
rate and visual gquality of Salvia elegans were positively associated with hydrophilic polymer content in
the three substrates. Although the growth of Salvia elegans was the greatest under the C4P; substrate
when measured in June (dry season), the greatest growth under the C1P,4 substrate was in August (rainy
season). Therefore, C4P1 and C1P; substrates with high coir dust materials is not recommended for Salvia
elegans because the plants showed low growth and chlorophyll contents in the rainy season and poor
flowering with these substrates. Thus, perlite-based C1P, amended with hydrophilic polymer at a level of
> 1.0 kg-m™ should be considered for the optimal substrate for Salvia elegans during droughts as well as
rainy seasons on green roofs.
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Introduction

Green roofs, also known as vegetated roofs, planted roofs, eco roofs, living roofs, or
roof gardens, are roofs that are partially or completely covered with vegetation and
substrate (Castleton et al., 2010). Because they provide environmental benefits, and
open-air amenities without additional land acquisition costs, green roofs have become
popular in many cities around the world (Getter et al., 2009). However, environmental
conditions on rooftops are often extreme including high temperatures, strong winds, and
long-term drought. An extensive green roof with a thin layer of substrate easily result in
water deficit conditions (Young et al.,, 2017). Thus, extensive green roofs almost
exclusively use vegetation such as herbs, grasses, mosses, and drought-tolerant
succulents including sedum (Getter and Row, 2006). The composition and
characteristics of green roof vegetation depends on many factors, growing substrate in
particular (Krawczyk et al., 2017). To a large extent, substrate depth dictates vegetation
diversity and the range of possible species (Oberndorfer et al., 2007). If growth media
depth is limited and there is no additional irrigation, rainfall can restrict the use of
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certain species. Even though various organic components are effective in sustaining
vegetation and increasing water retention (Xue and Farrell, 2020), high rates of organic
matter (> 20%) can be problematic on green roofs due to rapid decomposition. It can
lead to compaction, which reduces substrate depth, air supply for roots and water
infiltration and retention (Handreck and Black, 2010) resulting in temporarily increased
nutrient loads in stormwater runoff (Berndtsson, 2010). Therefore, to increase the use of
green roofs, the utilization of inorganic amendments which can retain rainwater must be
explored.

Hydrophilic polymers, also described as hydrogels or super absorbent polymers, are
cross-linked crystalline forms of insoluble polyacrylamide gel that can keep water
several hundred times heavier than that of theirs. The stored water in the hydrophilic
polymers can be released to meet the needs of the plants. Therefore, they have been
widely used to improve soil moisture in agriculture, horticulture, and forestry (Farrell et
al.,, 2013). Many studies have demonstrated the effects of hydrophilic polymer
amendment on plant growth. Barley (Hordeum wvulgare L.), wheat
(Triticum aestivum L.), and chickpea (Cicer arietinum L.) found that hydrogels delayed
wilting time, improved soil water availability, and increased plant establishment
(Akhter et al., 2004). Hydrogel amendment prolonged the survival of Picea abies,
Pinus sylivestris, and Fagus sylvatica seedlings and improved their biomass under water
stress (Orikiriza et al., 2013). Also, hydrogel amendment increased the survival of trees
and reduced their evapotranspiration rates, Araucaria cunninghammi, and
Maesopsis eminii (Hiittermann et al., 2009). Water retention gel and coarser particle
size substrates can significantly improve the drought tolerance of green roof plants
(Young et al., 2017). However, some studies have suggested that the volume of
hydrophilic polymers has no effect on net photosynthesis, stomatal conductance, plant
growth, or biomass. Meanwhile, Water retention gel and large brick substrates increased
both Festuca ovina and Linaria vulgaris’s drought tolerance while a Sedum living
mulch had no effect (Apostol et al., 2009), there is need to examine various substrate
compositions and characteristics as a valuable component of green roofs substrates,
including hydrophilic polymer.

The genus Salvia is the largest genus in the Lamiaceae family, and contains more
than 900 species worldwide (Gonzalez-Cortazar et al., 2013). Because of its brilliant red
flowers and pineapple-scented leaves, Salvia elegans is widely used in landscaping to
attract butterflies and hummingbirds (Cuevas et al., 2018). This species need regular
watering because of its sensitivity to drought and perish in deep frost (Silva et al.,
2018). To the best of our knowledge, no studies have assessed the use of Salvia elegans
on green roofs due to its sensitivity to drought. Therefore, the objectives of this study
were to determine the effects of different amounts of hydrophilic polymer depending on
three types of substrate on the growth of Salvia elegans on unirrigated agricultural green
roofs.

Materials and methods
Site description and experimental set up

This experiment had a factorial design with three different substrates and five
hydrophilic polymer treatments used. There were three replicates for each treatment and
each replicate consisted of three plants. Although Salvia elegans is native to Mexico
and grows in temperate climates (Gonzalez-Cortazar et al., 2013), it can be frozen at a
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temperature lower than -5°C (Park, 2007). Therefore, it is grown as an annual plant,
which blooms until the first frost date in South Korea. For this reason, experimental
period has been limited from May to November.

A total of 45 square plots (50 cm [L] x 50 cm [W] x 25 cm [H]) were installed on a
roof platform. From top to bottom, each square plot consisted of the following four
layers: vegetation, substrate, geotextile filter, and drainage layer (Xu et al., 2014). A
geotextile filter (0.8 mm thick) with good air and water permeability was used to
between substrate and drainage layer preventing the loss of substrate particles. Drainage
layer was used to support the three layers above, restrict root growths, increase
insulation, and retain excess water (Papafotiou et al., 2013).

All these plots were placed on the rooftop of KonKuk University, Chungju, South
Korea located at latitude 35°49'N and longitude 127°08°E (Fig. 1). Monthly
precipitation was 24.6, 88.2, 110.6, 277.7, 122.7, 153.8, and 23.5 mm in May, June,
July, August, September, October, and November, respectively (Xu et al., 2014). These
results showed reduced rainfall in June resulted in a severe drought period, while
frequent rainfall were observed during the summer rainy season in August on the
rooftop.

Vegetation

¢~ Substrate

Geotextile filter

Drainage layer
26 Base roof

[\

Tl

Figure 1. Field experimental study site (left) and sketch of cross section of the green roof (right)

Experimental design and data analysis

Seedlings of Salvia elegans were obtained from a commercial nursery. Three
seedlings of Salvia elegans that had consistent plant height of 8 cm were transplanted
into each green roof container on 14 May 2014. All plants were watered every 2 days in
the first week after transplanting for seedling establishment, followed by no watering. In
consideration of green roof substrate generally contains about 10-20% organic and
80-90% inorgnic components (Rowe, 2011), experimental substrates were formulated
with 20%, 50%, or 80% (by volume) coir dust (Fibrosoil, Jayampathi Lanka Exports
(Pvt) Ltd., Sri Lanka) and 80%, 50%, or 20% (by volume) perlite (Pearl shine No.2,
GFC. Co., Ltd., Korea). Coir dust and perlite were mixed in ratios of 80% to 20%
(C4P1), 50% to 50% (C1P1), and 20 to 80% (C1P4), respectively. Hydrophilic polymer
(acrylic acid-sodium acrylate copolymer > 94%) powders (K-SAM, Kolon Chemical
Co., Ltd., Korea) were incorporated into substrates at densities of 0 (Control), 0.25, 0.5,
1.0, or 2.0 kg-m™ (polymer:medium [w/v], dry weight basis), with three replicates per
treatment. Organic fertilizers (saudust:manure (v/v) = 70:30%, Touljang, DooHo
LandTech., Korea) were added to substrates at 5% of the total volume to ensure that the
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same quantity was applied to each substrate for healthy plant growth. The depth of all
substrates was 20 cm.

Survival rate was calculated by comparing the number of surviving plants versus the
number of total plants in each treatment using the following formula. Plants with no
green leaves, no new buds were considered to be dead (Pengzhen et al., 2019).

Survival rate = (surviving plants/ total plants) x 100 (%) (Eq.1)

The growth parameters observed were plant height, leaf number, leaf length, leaf
width of all the plants (n = 9) in June and August, respectively. Plant height (H) above
the stem base, width at the widest vegetative point of the plant passing through the
center (W1), and greatest width perpendicular to W1 (W2) were measured in June and
August during the peak growth period. Height and width measurements were used to
calculate the growth index (GlI).

Growth index (GI) = [(W1 + W2)/2 +H]/2 (Eq.2)

The relative appearance of the plant was evaluated according to visual quality, which
was categorized into five grades: grade 1, severely stressed and completely dried out;
grade 2, stressed with less than 50% of the leaves retaining green pigmentation; grade 3,
mildly stressed with 50% of the leaves retaining green pigmentation; grade 4, minor
stress with over 50% of the leaves appearing healthy; and grade 5, unstressed with all
leaves appearing healthy (Nagase and Dunnett, 2010). The chlorophyll content of the
leaves was measured for 9 leaves per container using a SPAD-502 meter (Minolta
Camera Co., Ltd, Osaka, Japan). The total number of flowers per plant was monitored
from September to November during the blooming season.

Data were subjected to analysis of variance (ANOVA) with SAS 9.1 software
package (SAS version 9.1, SAS Institute, Cary, NC). Post hoc analysis was conducted
using Tukey's post-hoc test. Statistical significance was considered when p value was
less than 0.05.

Results

Compared to C4P; substrate, the survival rate of Salvia elegans was reduced to 89%
and 78% in the C.P1 and C1P4 substrates, respectively, under the Control treatment in
June. There were no obvious differences in plant survival rate among the three
differenet substreate and five hydrophilic polymer treatments in August. The plant
height, leaf number, and growth index of Salvia elegans were significantly higher in the
C4P1 and CiP: substrates than the CiPs4 substrate in June. There were significant
interactions between substrate and hydrophilic polymer, despite leaf length and leaf
width (Table 1). This might have occurred because the higher coir dust-based CasP:
substrate and hydrophilic polymer increased the water-holding capacity available for
plant growth in June, when there was less rainfall, resulting in better growth. However,
the higher hydrophilic polymer treatments had little significant effect on growth of
Salvia elegans in C4P1 substrate, while a higher hydrophilic polymer level (e.g.,
2.0 kg'm™) produced greater growth index of Salvia elegans under CiP:1 or CiP4
substrate in August (Table 2).
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Table 1. Survival rate and plant parameters (plant height, leaf number, leaf length, leaf
width, and growth index) of Salvia elegans grown in three green roof substrates during the
drought period (June)

Substrate Polymer rate | Survival rate |Plant height| No. of leaves |Leaf length |Leaf width G_rowth
(kg'm®) (%) (cm) (per plant) (mm) (mm) index
Control* 100 a 17.7 & 73.7ab 55.7b 26.0b 17.1a
0.25 100 a 16.6a 66.1b 54.2b 256D 16.6 a
C4PyY 0.50 100 a 176a 86.2 a 58.0 ab 25.0b 172a
1.00 100 a 17.2a 82.1a 6l.6a 276a 169 a
2.00 100 a 155a 76.7 ab 55.4b 25.7b 159a
Control 89a 174a 61.1b 59.0a 23.1a 16.2a
0.25 100 a 15.2a 58.2b 539a 245a 148a
CiP1 0.50 100 a 15.1a 69.5 ab 54.6a 23.0a 15.8a
1.00 100 a 16.0a 67.8ab 59.2a 244a 15.7a
2.00 89a 159a 73.8a 61.5a 26.3a 155a
Control 78a 145a 732a 50.3b 20.8b 145 ab
0.25 100 a 14.1a 70.7a 496b 25.2ab 14.0 bc
CiP4 0.50 100 a 138a 66.6 a 48.4b 21.7 ab 13.4b
1.00 100 a 134a 68.7a 54.2 ab 21.4ab 13.8 bc
2.00 100 a 15.0a 73.0a 57.4a 249a 154 a
Substrate NS *k% *kk ** ** **kk
Significance Polymer rate NS NS * * NS i
Interaction NS NS * NS NS ekl

z Means followed by the same letters in columns are not significantly different according to Turkey’s
post hoc test at p < 0.05 level (n=9). ***, ** *:p <0.001, p <0.01, p <0.05, respectively.

NS: not significant. ¥ Substrate: C4P1: coir 80%, perlite 20%; C1P1: coir 50%, perlite 50%; C1P4: coir
20%, perlite 80% (% by volume). * Hydrophilic polymer rate: O (referred as to Control), 0.25, 0.5, 1.0,
and 2.0 kg-m [polymer: medium (w/v), dry weight basis]

Table 2. Survival rate and plant parameters (plant height, leaf number, leaf length, leaf
width, and growth index) of Salvia elegans grown in three green roof substrates during the
rainy period (August)

Substrate Polymer rate | Survival rate | Plant height | No. of leaves | Leaf length | Leaf width G_rowth
(kg'm?®) (%) (cm) (per plant) (mm) (mm) index

Control* 100 a 30.1a7 76.9 ab 69.6 a 28.3a 27.1a

0.25 100 a 27.0a 75.0 ab 67.8a 274a 25.6 ab

C4PyY 0.50 100 a 30.3a 94.1la 720a 294 a 274 a
1.00 100 a 28.7a 929a 714a 284 a 26.7a

2.00 100 a 25.6a 65.3b 62.6 a 26.0a 23.7b

Control 89a 26.8a 65.2 ¢ 65.7 a 27.0a 241a

0.25 100 a 25.2a 57.8¢c 64.0a 252a 23.2a

CiP1 0.50 100 a 245a 91.0ac 69.5a 27.7a 24.7a
1.00 100 a 27.7a 92.2a 73.2a 31.0a 26.0a

2.00 89a 27.2a 69.8 bc 74.2 a 29.7a 249a

Control 89a 28.2a 939a 675D 279b 26.9 ab

0.25 100 a 27.8a 103.1a 710b 29.0ab 26.2 ab

CiPs4 0.50 100 a 26.5a 84.1a 72.8 ab 30.1ab 255b
1.00 89a 26.7a 89.2a 73.3ab 30.0ab 27.1ab

2.00 100 a 28.6a 99.2a 78.9a 31.3a 28.4a

Substrate NS * o NS NS ke
Significance Polymer rate NS NS NS NS NS NS
Interaction NS NS NS NS NS *

Z Means followed by the same letters in columns are not significantly different according to Turkey’s
post hoc test at p < 0.05 level (n = 9). ***, ** *:n<0.001, p<0.01, p <0.05, respectively.

NS: not significant. ¥ Substrate: C4P1: coir 80%, perlite 20%; C1P1: coir 50%, perlite 50%; C1P4: coir
20%, perlite 80% (% by volume). * Hydrophilic polymer rate: O (referred as to Control), 0.25, 0.5, 1.0,
and 2.0 kg-m [polymer: medium (w/v), dry weight basis]
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In C4P1 and C1P; substrates with 2.0 kg-m™ of hydrophilic polymer, visual quality
was at least 1.7-fold greater than in CiPs4 substrates. Higher visual quality of
Salvia elegans was associated with higher hydrophilic polymer content in the three
substrates under drought stress in June, especially under the condition of 2.0 kg-m™.
This finding highlights the effectiveness of hydrophilic polymer as a soil conditioner
that can hold water in substrates during dry periods. However, in August, the
hydrophilic polymer treatment caused decreased gradually under the C4P1 and C1P1, but
not in C1P4 substrates.

Chlorophyll contents were lower in the C4P1 substrate compared with other
treatments, and the addition of hydrophilic polymer tended to decrease chlorophyli
contents in June. There was no significant interaction observed between substrate and
hydrophilic polymer rate on chlorophyll contents, while significantly higher chlorophyll
contents in substrates C1P4 and C:P1 than in the C4P: substrate. Overall, chlorophyll
contents reduction was present in all treatments in August compared to June, which
might have occurred because Salvia elegans experienced waterlogging in the high water
content substrate (Table 3).

Table 3. Visual quality and chlorophyll contents of Salvia elegans grown in different green
roof substrates during the drought and the rainy periods

Polymer rate - - June - - August
Substrate (kg-m?) Visual quality | Chlorophyll contents | Visual quality | Chlorophyll contents
(5 grade) (SPAD value) (5 grade) (SPAD value)

Control* 1.2 b* 30.02 ab 46a 21.49 ab

0.25 12b 28.47 ab 46a 21.90 ab

CsPrY 0.50 17b 31.13ab 46a 20.30 b
1.00 1.7b 31.83a 4.4 3ab 2299 a

2.00 34a 27.94 b 40a 2342 a

Control 1.0b 38.26 a 44a 23.48b

0.25 1.0b 33.39ab 43a 24.43 ab

CiP1 0.50 1.0b 37.04 ab 41a 25.48 ab
1.00 16b 36.49 ab 39a 25.66 a

2.00 29a 31.72b 40a 26.18 a

Control 1.0b 35.84a 41b 2554 a

0.25 1.0b 36.41a 49a 23.66 a

CiPs4 0.50 1.0b 3433a 46a 2412 a
1.00 10b 35.96 a 5.0a 23.80a

2.00 l4a 34.40 a 50a 2476 a

Substrate *k*k *kk *kk *kk
Significance Polymer rate faleel * NS *
Interaction Fkk NS * *

z Means followed by the same letters in columns are not significantly different according to Turkey’s
post hoc test at p < 0.05 level (n = 9). ***, ** *: p <0.001, p <0.01, p <0.05, respectively.

NS: not significant. ¥ Substrate: C4P1: coir 80%, perlite 20%; C1P:: coir 50%, perlite 50%; C1P4: coir
20%, perlite 80% (% by volume). * Hydrophilic polymer rate: O (referred as to Control), 0.25, 0.5, 1.0,
and 2.0 kg-m [polymer: medium (w/v), dry weight basis]

In our study, Salvia elegans bloomed from the middle of September through the
middle of November, after first frost. The peak blooming period was from early October
until the first frost. There was a significant difference in the total number of
inflorescences per plant among the three substrates. The mean number of inflorescences
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grown in C1P4 substrate was 1.78- folder higher than those grown in C4P1 and 1.91-fold
higher than those grown in CiP: substrate. Hydrophilic polymer increased the total
number of inflorescences in C1P4 substrate, especially under the 2.0 kg-m™ treatment,
compared to the other hydrophilic polymer treatments or the Control treatment (Fig. 2).

I Control
[ 0.25kg.m®
| B 0.50 kgm®
3 1.00 kg.m
I 2.00 kg.m

-3
-3

Total number of inflorescences per plant

Cy4 Py Cy Py Cy Py
Substrate

Figure 2. Total number of inflorescences of Salvia elegans per plant of the three different green
roof substrates [C4P1: coir 80%, perlite 20%; C1P:: coir 50%, perlite 50%; C1P4: coir 20%,
perlite 80% (% by vol.)] amended with five contents of hydrophilic polymer, including 0
(referred as Control), 0.25, 0.5, 1.0, and 2.0 kg-m™ [polymer: medium (w/v), dry weight basis].
Different letters indicate significant differences by Turkey’s post hoc test at p < 0.05 level. Data
represent mean + SE (n = 9)

Discussion

Higher survival of Salvia elegans was associated with higher hydrophilic polymer
content in the three substrates under drought stress. This finding is consistent with other
studies, in which the addition of hydrophilic polymer prolonged the survival of
seedlings compared to the Control (no hydrophilic polymer) treatment. In addition,
hydrophilic polymer can be used to improve the transplant success of seedlings
(Thomas, 2008). The addition of hydrogels slowed soil moisture loss and delayed the
wilting time of seedlings by 4 to 5 days (Akhter et al., 2004). Greater hydrophilic
polymer addition also improved the water-holding properties of substrate and delayed
the permanent wilting point (Patil et al., 2011). Therefore, application of hydrophilic
polymer is an important remedy for perlite-based substrate, as it assists growth by
increasing water retention and availability to plant in dry periods. Meanwhile, frequent
rainfall during the summer rainy season in August might have resulted in frequent
wetting of the substrates, thus leading to waterlogging and reduced effectiveness of the
hydrophilic polymer. For this reason, a further increase in coir dust-based substrate had
no or minimal effect on growth of Salvia elegans in August, during the rainy season.

The higher hydrophilic polymer was inefficient for plants grown in C4P1 and CiP:1
substrates in the rainy season. These results confirmed that the growth of Salvia elegans
was affected by the composition of the substrate more than the level of hydrophilic
polymer during the drought period. In addition, the substrate amended with a high
amount of coir dust might have aided with water holding-capacity, thus maintaining the
structural integrity of plants, as coir dust has a high surface area of 4 m?/g (Bilderback
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et al., 2005). A previous study found that shoot and root growth of Gerbera were greater
under coir-based substrate than rockwool (Cho et al., 2006). The growth of highbush
blueberry (Vaccinium Sp.) under various amounts of substrates for container production
and found that total plant dry weight was greater under higher contents of coir substrate
(Kingston et al., 2017). However, another study did not recommend high level of coir
dust in green roof substrate (Olle et al., 2012), and the substrate containing 10% organic
matter was optimal for the growth of four herbaceous plants under dry and wet
conditions on green roofs (Nagase and Dunnett, 2011). Increased organic matter, such
as coir dust or peat-moss, can result in lush growth that might suffer damage under
drought stress or frequent rainfall, resulting in frequent drying and wetting cycles.

The chlorophyll meter is a simple tool to measure the relative chlorophyll content or
greenness; thus, it is an efficient indicator of stress in plants (Netto et al., 2005). The
change in chlorophyll content of plants under water stress depends on the rate of stress
and plant species (Hassanzadeh et al., 2009). In the present study, higher chlorophyll
content was associated with low water content of the substrate under severe drought
stress in June. This finding can be explained by reductions in relative water content and
leaf water potential under mild water stress, which can change the color of the leaf to
dark green compared with the color of the plant in a substrate with a higher water
content (Marenco et al., 2009).

Salvia species prefers moist, well-drained, fertile loam or sandy loam soils (Silva et
al., 2018). Several studies have found that drought reduces inflorescence numbers
(Razmjoo et al., 2008; Beya-Marshall et al., 2018). Hydrophilic polymer
supplementation increased substrate water content, and thereby prevented drought in
perlite-based C1P4 substrate, while the intensity of rainfall in August might have caused
waterlogging in C4P1 and C:P: substrates, reducing the number of inflorescences.
Hydrophilic polymer treatments were positively associated with number of
inflorescences of Salvia elegans in the three substrates. However, C4P1 and CiP;
substrates with high coir dust matter are not recommended for Salvia elegans because
the plants showed low growth in the rainy season and poor ornamental quality at peak
flower time with these substrates. Therefore, it is feasible to use hydrophilic polymer in
inorganic-based substrate to diversify the variety of plants used by increasing substrate
water content on green roofs.

Conclusions

The growth of Salvia elegans was the greatest using 80% and 20% of coir dust and
perlite in June, and 20% and 80% of coir dust and perlite in August after the rainy
season. The survival rate and visual quality of Salvia elegans were positively associated
with hydrophilic polymer content in three different substrates. However, 50-80% coir
dust in substrates is not recommended for Salvia elegans because the plants showed low
growth during the rainy season and poor ornamental quality at peak flower time with
these substrates. Overall, 80% perlite-based substrate amended with a hydrophilic
polymer level > 1.0 kg-m™ may be considered as the optimal substrate compared to the
50-80% coir dust based substrate in the dry as well as rainy season on green roofs.
Therefore, it is feasible to use hydrophilic polymers in perlite-based substrates to
increase substrate water content in diverse plants growing on green roofs. Further
studies warrant to determine the effects of substrates with higher rates of hydrophilic
polymer in various plants on green roof for a long-term.
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