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Abstract 
This study investigated the effect of irrigation frequency on establishment of five 

new hybrids of sage (Salvia) species native to Greece (S. fruticosa, S. officinalis, S. 
pomifera ssp. pomifera, S. tomentosa and S. ringens) in an urban Mediterranean 
extensive green roof, aiming to evaluate their drought tolerance. Rooted cuttings were 
planted in April 2021 in plastic containers with a green roof infrastructure fitted 
(moisture retention and protection of the insulation mat, drainage layer and filter 
sheet) and placed on a second floor roof. The substrate used was grape marc 
compost:perlite:pumice (3:3:4, v/v) and had 10 cm depth. Two irrigation frequencies 
were applied, starting from every 3 days (normal) and 5 days (sparse) and followed 
(after the end of May) by every 2 and 4 days, respectively. Two months after planting all 
plants had survived. The type of hybrid affected all growth parameters, whereas 
irrigation frequency affected only plant diameter and total axillary shoot length. Plants 
irrigated normally had greater diameter and greater total axillary shoot length, 
compared to those irrigated sparsely. Hybrids S. officinalis × S. tomentosa and S. 
pomifera × S. ringens had shorter foliage height (10.5-12.5 cm) than the others (20.6-
24.5 cm), but when height of the inflorescences was included, S. pomifera × S. ringens 
was the tallest of all (90.0 cm). Hybrids S. officinalis × S. pomifera and S. officinalis × S. 
tomentosa had the greatest diameter (24.5 cm), when irrigated normally, while they 
produced more axillary shoots (14.4-18.3) of greater total length (126.4-180.8 cm) too. 
Only in hybrids S. officinalis × S. tomentosa and S. pomifera × S. ringens, almost all plants 
flowered producing 5-10 flowering shoots plant-1, whereas in others, 16.7-75% of 
plants flowered producing 1.0-2.2 flowering shoots plant-1. 

Keywords: green roof technology, native xerophytic ornamentals, Salvia hybrids, drought 
stress, soilless substrate, grape marc compost, pumice 

INTRODUCTION 
Mediterranean Salvia species being drought resistant could be ideal for use in 

xeriscaping, valuable as bee-friendly plants, as well as suitable for use on extensive type urban 
green roofs. In order to introduce new drought-resistant species with interesting floricultural 
characteristics in the floricultural industry, interspecific crossbreeding between five sage 
species native to Greece (S. fruticosa, S. officinalis S. pomifera ssp. pomifera, S. tomentosa and 
S. ringens) has been done and some hybrids were selected for their ornamental traits 
(Papafotiou et al., 2021). 

The need of planning more sustainable cities leads to a wider use of extensive green 
roofs, as they provide significant environmental, social and economic advantages to the urban 
environment, which mitigate the adverse effects of urbanization and make cities more safe, 
sustainable and resilient to climate change (Whittinghill and Rowe, 2012; Berardi et al., 2014; 
Caneva et al., 2015; Shafique et al., 2018). 

The adaptation of many Mediterranean plants to drought stress and their floristic 
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diversity constitutes them ideal for use in green roofs (Caneva et al., 2015; Papafotiou et al., 
2016; Tassoula et al., 2021). From the Mediterranean Salvia species, mainly S. officinalis (Savi 
et al., 2013; Raimondo et al., 2015; Papafotiou et al., 2017), but also S. fruticosa (Kokkinou et 
al., 2016) have been tested on an extensive green roof. Besides, the five hybrids, used in the 
present study, have already been evaluated regarding their drought tolerance, along with S. 
fruticosa, under greenhouse conditions (Papafotiou et al., 2021). 

Aim of this study was to investigate the effect of irrigation frequency on establishment 
of five new hybrids (S. fruticose × S. ringens, S. officinalis × S. ringens, S. officinalis × S. pomifera 
ssp. pomifera, S. officinalis × S. tomentosa, S. pomifera ssp. pomifera × S. ringens) of sage species 
native to Greece on an urban Mediterranean extensive green roof, in order to evaluate their 
drought tolerance. 

MATERIALS AND METHODS 
Rooted cuttings of the new sage hybrids S. fruticose × S. ringens, S. officinalis × S. ringens, 

S. officinalis × S. pomifera ssp. pomifera, S. officinalis × S. tomentosa and S. pomifera ssp. 
pomifera × S. ringens were planted in April 2021 in plastic containers 40×60×22 cm (two 
plants per container, six containers per treatment) with a green roof infrastructure fitted 
(moisture retention and protection of the insulation mat FLW-500, drainage layer Diadrain-
25H and filter sheet VLF-150) (Landco Ltd., Diadem Green Roof Systems, Athens, Greece) and 
placed on a fully exposed second floor flat roof at the Agricultural University of Athens. The 
substrate used was grape marc compost:perlite:pumice (3:3:4, v/v) and had 10 cm depth. 
Grape marc compost was produced locally, as described in Papafotiou et al. (2016). The soil 
contained 17.3% clay, 32.2% loam, 50.5% sand and 19.68% CaCO3, and it had a pH of 7.66, EC 
1900 μmhos cm-1 and a resistance of 525 Ohm. The properties of the substrates are given by 
Tassoula et al. (2015). Two irrigation frequencies were applied, with individual drippers of 
constant supply (4 L h-1) for 60 min, starting from every 3 days (normal), when substrate 
moisture was 16-22% v/v, and every 5 days (sparse), when substrate moisture was 7-11% 
v/v, which were followed (after the end of May) by every 2 and 4 days, respectively. 

Their growth was evaluated monthly, measuring foliage and plant height (from 
substrate surface to the tallest plant part), foliage diameter (average value of greater 
horizontal diameter and its perpendicular), axillary shoot number and total length and 
number of inflorescences plant-1. 

The completely randomized design was used, the significance of the results was tested 
by one- or two-way analysis of variance (ANOVA) and treatment means were compared by 
Student’s t test at p≤0.05. 

RESULTS AND DISCUSSION 
Two months after planting all plants had survived. The type of hybrid affected all growth 

parameters, whereas irrigation frequency affected only plant diameter and total axillary shoot 
length. Plants irrigated normally had greater diameter (Figures 1a and 2) and greater total 
axillary shoot length (Figure 3a), compared to those irrigated sparsely. Hybrids S. officinalis × 
S. tomentosa and S. pomifera × S. ringens had shorter foliage height than the others (Figure 
1b), but when height of the inflorescences was included, S. pomifera × S. ringens was the tallest 
of all (Figure 1c). Hybrids S. officinalis × S. pomifera and S. officinalis × S. tomentosa produced 
more axillary shoots of greater total length (Figure 3a, b) and had the greatest diameter 
(Figures 1a and 2), when irrigated normally. Only in hybrids S. officinalis × S. tomentosa and S. 
pomifera × S. ringens, almost all plants flowered producing 5-10 flowering shoots plant-1, 
whereas in others, 16.7-75% of plants flowered producing 1.0-2.2 flowering shoots plant-1 
(Figure 3c, d). 
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Significance Foliage height Plant height Foliage diameter 
Fhybrid type ** ** ** 
Firrigation frequency NS NS ** 
Fhybrid type x irrig. frequency NS ** NS 
Fone-way ANOVA ** ** ** 

 

(a) 
 

(c) 
 

(b) 
 

 

Figure 1. Effect of hybrid type and irrigation frequency on foliage height and diameter (cm), 
as well as plant height including inflorescences (cm) of Salvia hybrids, two months 
after establishment on an extensive green roof system (n=12). NS or **, non-
significant at P≤0.05 or significant at P≤0.01, respectively. 

Great differences were observed in growth of sage hybrids in an extensive green roof, 
which were determined by the characteristics that each one inherited from its parents, as 
described by Papafotiou et al. (2021). For instance, the hybrids S. officinalis × S. tomentosa and 
S. pomifera ssp. pomifera × S. ringens were the shortest (Figure 1b), since they inherited low 
height from both parents the first and from S. ringens the second. Besides, S. pomifera ssp. 
pomifera × S. ringens produced extremely long flowering shoots (Figure 1c), as both parents 
do, which contrasts with the low foliage of this hybrid. All hybrids provided satisfactory 
vegetation cover of the container two months after establishment (Figures 1a and 2), 
especially S. officinalis × S. pomifera ssp. pomifera and S. officinalis × S. tomentosa, which 
produced more axillary shoots too (Figure 3b). The poor flowering of some hybrids does not 
allow us to draw conclusions about their flowering, but it does indicate possible differences 
in their photoperiodic requirements for flowering. The hybrid S. pomifera ssp. pomifera × S. 
ringens most probably inherited the easiness to flower from both of its parents, which have 
the tend to flower on annual shoots, even during summer (personal observation). 
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Figure 2. Typical growth of Salvia hybrids, in an extensive green roof, in marked irrigation 
frequencies, two months after establishment (June 2021). 
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Significance Axillary shoot number Total axillary shoot 
length 

Inflorescence number/ 
plant 

Fhybrid type ** ** ** 
Firrigation frequency * ** NS 
Fhybrid type x irrig. frequency NS NS NS 
Fone-way ANOVA ** ** ** 

 

(c) 
 

(d) 
 

(b) 
 

(a) 
 

 

Figure 3. Effect of hybrid type and irrigation frequency on axillary shoot number and total 
length (cm), as well as flowering of Salvia hybrids, two months after establishment 
in an extensive green roof (n=12). NS or * or **, non-significant at P≤0.05 or 
significant at P≤0.05 or P≤0.01, respectively.  
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Hybrids diameter was benefited by normal irrigation during establishment, which has 
also been shown in Origanum dictamnus during the first dry period, although there were no 
differences in this species growth after the second dry period as regards irrigation frequency 
(Papafotiou et al., 2016). In cases that plants had been cultivated for a longer period, more 
than a year, in an extensive green roof irrigation frequency did not affect plant growth, which 
has been reported for Convolvulus cneorum and Sideritis athoa (Tassoula et al., 2015; 
Papafotiou et al., 2016) and Scabiosa cretica (Tassoula et al., 2017). Only in S. officinalis × S. 
tomentosa axillary shoot number was increased by normal irrigation, which also happened in 
Scabiosa cretica (Tassoula et al., 2017). Regarding hybrids parents, S. officinalis is considered 
suitable for use in green roofs (Savi et al., 2013; Raimondo et al., 2015; Papafotiou et al., 2017), 
whereas S. fruticosa showed fast water consumption and needs irrigation at least 50% of the 
daily pan evaporation (Kokkinou et al., 2016). Besides, all hybrids, especially S. officinalis × S. 
pomifera and S. officinalis × S. tomentosa, were found to survived drought stress better than S. 
fruticosa in greenhouse conditions (Papafotiou et al., 2021). 

Conclusively, all sage hybrids were established successfully on an urban green roof. The 
only parameters that were affected by irrigation frequency were plant diameter and axillary 
shoot total length, which were greater under normal irrigation. Hybrids’ growth should be 
observed for a greater period of time in order to conclude for their drought tolerance. 
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Raimondo, F., Trifilò, P., Lo Gullo, M.A., Andri, S., Savi, T., and Nardini, A. (2015). Plant performance on 
Mediterranean green roofs: interaction of species-specific hydraulic strategies and substrate water relations. AoB 
Plants 7, plv007 https://doi.org/10.1093/aobpla/plv007. PubMed 

Savi, T., Andri, S., and Nardini, A. (2013). Impact of different green roof layering on plant water status and drought 
survival. Ecol. Eng. 57, 188–196 https://doi.org/10.1016/j.ecoleng.2013.04.048. 

Shafique, M., Kim, R., and Rafiq, M. (2018). Green roof benefits, opportunities and challenges – a review. Renew. 
Sustain. Energy Rev. 90, 757–773 https://doi.org/10.1016/j.rser.2018.04.006. 

Tassoula, L., Papafotiou, M., Liakopoulos, G., and Kargas, G. (2015). Growth of the native xerophyte Convolvulus 
cneorum L. on an extensive Mediterranean green roof under different substrate types and irrigation regimens. 
HortScience 50 (7), 1118–1124 https://doi.org/10.21273/HORTSCI.50.7.1118. 

https://doi.org/10.1016/j.apenergy.2013.%2010.047
https://doi.org/10.1016/j.apenergy.2013.%2010.047
https://doi.org/10.1080/11263504.%202013.819819
https://doi.org/10.1080/11263504.%202013.819819
https://doi.org/10.21273/%20HORTSCI.51.5.608
https://doi.org/10.21273/%20HORTSCI.51.5.608
https://doi.org/10.17660/%20ActaHortic.2016.1108.41
https://doi.org/10.17660/%20ActaHortic.2016.1108.41
https://doi.org/10.17660/ActaHortic.2017.1189.86
https://doi.org/10.3390/agronomy11122401
https://doi.org/10.1093/aobpla/plv007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25603968&dopt=Abstract
https://doi.org/10.1016/j.ecoleng.2013.04.048
https://doi.org/10.1016/j.rser.2018.04.006
https://doi.org/10.21273/HORTSCI.50.7.1118


 
 

 423 

Tassoula, L., Papafotiou, M., and Galanis, D. (2017). Growth of the Mediterranean xerophyte Scabiosa cretica on an 
extensive green roof under different substrate types and irrigation regimes. Acta Hortic. 1189, 283–286 
https://doi.org/10.17660/ActaHortic.2017.1189.55. 

Tassoula, L., Papafotiou, M., Liakopoulos, G., and Kargas, G. (2021). Water use efficiency, growth and anatomic-
physiological parameters of Mediterranean xerophytes as affected by substrate and irrigation on a green roof. Not. 
Bot. Horti Agrobot. Cluj-Napoca 49 (2), 12283 https://doi.org/10.15835/nbha49212283. 

Whittinghill, L.J., and Rowe, D.B. (2012). The role of green roof technology in urban agriculture. Renew. Sustain. 
Energy Rev. 27, 314–322. 

  

https://doi.org/10.17660/ActaHortic.2017.1189.55
https://doi.org/10.15835/nbha49212283


424 

 



Establishment of five new hybrids of 

Mediterranean sage species (Salvia sp.) 

on an urban green roof, as affected  by 

irrigation frequency

A.N. Martini*, L. Tassoula, M. Papafotiou, A. 
Kalantzis, E.G. Stylias and E. Dariotis

Laboratory of Floriculture and Landscape Architecture, Department 
of Crop Science, Agricultural University of Athens, Greece



Mediterranean Salvia species being drought resistant could be ideal for use in xeriscaping, valuable as bee-friendly
plants, as well as suitable for use on extensive type urban green roofs.

In order to introduce new drought-resistant species with interesting floricultural characteristics in the floricultural
industry, interspecific crossbreeding between five sage species native to Greece

S. fruticosa S. officinalis S. pomifera ssp. pomifera S. ringens S. tomentosa

has been doneand some hybrids were selected for their ornamental traits.

Aim of this study, the effect of irrigation frequency on establishment of five new hybrids
of sage species native to Greece on an urban Mediterranean green roof, in order to
evaluate their drought tolerance.

INTRODUCTION



MATERIALS AND METHODS

Plant material: rooted cuttings of five new sage hybrids (8-week old)

S. fruticosa × S. ringens - S. officinalis × S. ringens - S. officinalis × S. pomifera - S. officinalis × S. tomentosa - S. pomifera × S. ringens

Time of planting: April 2021

Substrate: grape marc compost: perlite: pumice (3: 3: 4, v/v),

10 cm depth

starting from every 3 days (normal)
and 5 days (sparse)

Irrigation frequencies:

followed (after the end of May) by
every 2 days (normal)

and 4 days (sparse)

Plastic containers: 40 cm x 60 cm x 22 cm

(two plants per container; six containers per treatment)

with a green roof infrastructure fitted



(a)
(b)

(c)
(e)

(f)
(g)

(d)

RESULTS AND DISCUSSION

Survival two months after 

planting: 

100% for all hybrids



➢ All sage hybrids were established successfully on an urban green roof.

➢ Diameter and total axillary shoot length were greater under normal irrigation.

➢ Hybrids’ growth should be observed for a greater period in order to conclude for their drought

tolerance.

Typical growth of Salvia hybrids two months after establishment (June 2021).
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CONCLUSIONS

Irrigation
NORMAL

SPARSE

S. officinalis × S. ringensS. fruticosa × S. ringens S. officinalis × S. tomentosaS. officinalis × S. pomifera S. pomifera × S. ringens


