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Abstract 

Aiming to the exploitation of a new interspecific Mediterranean sage hybrid Salvia officinalis 

× S. tomentosa, along with its parental species S. officinalis and S. tomentosa, in extensive 

green roofs and xeriscaping, their resistance to xerothermic conditions was examined in a 

Mediterranean green roof and in a greenhouse under regular and reduced irrigation. In the 

green roof the hybrid and the parental species were grown on 10 cm deep substrate mixture of 

grape-marc compost: perlite: pumice 3:3:4, v/v, while in the greenhouse in 14 cm plastic pots, 

on peat: perlite 2:1, v/v. Planting took place in April 2021 and the experiment lasted 3 and 5 

months, in the greenhouse and green roof, respectively. Two irrigation frequencies, a regular 

(every 2–3 days when substrate moisture 17–23% v/v) and a reduced (every 3–5 days when 

substrate moisture 7–13% v/v) were applied. In the greenhouse, the hybrid growth was very 

satisfactory under reduced irrigation, since only plant height was reduced from all growth 

parameters recorded (lateral shoot number and length, aboveground and root dry weight). In 

the green roof, S. tomentosa had higher plant height and diameter and aboveground dry 

weight than S. officinalis and their hybrid, while root dry weight was higher in the parental 

species compared to the hybrid. Reduced irrigation resulted in significant reduction of all 

growth parameters of all Salvia types. However, their growth remained satisfactory. So, both 

the hybrid and its parents are recommended for sustainable use in xeriscaping, including 

extensive green roofs. 
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Introduction 

 

Greek Salvia species being drought resistant could be ideal plants for use as ornaments, in 

arid and semi-arid regions, particularly in xeriscaping, which has gained worldwide 

acceptance in recent years due to the limited irrigation water needed. Native plants are ideal 

for use in xeriscaping, since they have low irrigation and cultivation requirements, a great 

adaptability to different soil and climatic conditions, high ornamental value, as well as a 

contribution to the preservation of the character of the landscape (Bayramoğlu et al., 2015; 

Martinetti et al., 2018; Tassoula et al., 2021). 
Following the trend of floriculture industry, which is constantly seeking to introduce new 

varieties to the market, a new interspecific sage hybrid Salvia officinalis × S. tomentosa was 

created through the crossbreeding between S. officinalis, as the seed parent, and S. tomentosa, 

as the pollen parent (Papafotiou et al., 2021). S. officinalis is a strongly aromatic, rather 

grayish shrub up to 60 cm, with leaves oblong to elliptical, rough greenish above but white 

felted beneath and flowers violet-blue or pink. It is cultivated worldwide with many varieties 

as pharmaceutical and ornamental (Tutin et al., 1972; Blamey & Grey-Wilson, 1993). S. 
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tomentosa is similar to S. officinalis, up to 80cm, but has leaves with a rounded or heart-

shaped base and flowers usually violet with reddish-brown calyces (Blamey & Grey-Wilson, 

1993). Both Salvia species flower in late spring to early summer. Their interspecific hybrid S. 

officinalis × S. tomentosa is a compact plant that produces numerous lateral shoots with grey-

green leaves smaller than those of S. officinalis. It also forms many flowering stems with light 

pink flowers, while it has a lighter aroma than that of S. officinalis (Papafotiou et al., 2021). 

Aiming to exploit the new interspecific Mediterranean sage hybrid Salvia officinalis × S. 

tomentosa, along with its parental species S. officinalis and S. tomentosa, in extensive green 

roofs and xeriscaping, their resistance to xerothermic conditions was examined in a 

Mediterranean green roof and in a greenhouse under regular and reduced irrigation. 

 

Materials and methods 

 

Aiming to test growth and drought resistance of the new interspecific sage hybrid S. 

officinalis × S. tomentosa, two experiments were set in early April 2021.  

In the first experiment, that took place in a greenhouse, four-week-old rooted cuttings of this 

hybid were transplanted singly in plastic pots, 14 cm in diameter, which contained 1 L of 

peat-perlite mixture 2:1 (v/v). Climatic conditions during the experiment are shown in Figure 

1 a-b. Plants were fertilized monthly with 2 g/L (100 ml fertilizer per pot) water soluble 

fertilizer (20-20-20 plus, HUMOFERT, Metamorfosi, Greece). Two irrigation frequencies 

were applied: (i) when the moisture content of the substrate was 20–23% v/v (normal 

irrigation) and (ii) when the moisture content of the substrate was 8–13% v/v (sparse 

irrigation). In the first month of cultivation, the plants under normal irrigation were irrigated 

every 3–4 days and under sparse irrigation every 5 days, while in the following months every 

2 and 3–4 days, respectively. This experiment lasted for 3 months, until July 2021. 

 
Figure 1. Climatic conditions, i.e., temperature (a) and relative humidity (b) inside the glass 

greenhouse where the experiment was conducted, during the 3-month experimental period 

(from April 2021 until July 2021), as well as temperature (c), daily rainfall (d) and average 

daily wind speed (e) in the green roof, during the 5-month experimental period (from April to 

September 2021). 

 



In the second experiment, that was established in an extensive green roof, rooted cuttings, 

about 8 weeks old, of the hybrid S. officinalis × S. ringens, alongside with its parental species 

S. officinalis and S. ringens, were planted in plastic containers 40 cm × 60 cm × 22 cm in size. 

Each container had a green roof infrastructure fitted, i.e., moisture retention and protection of 

the insulation mat FLW-500, a drainage layer Diadrain-25H and a filter sheet VLF-150 

(Landco Ltd., Diadem Green Roof Systems, Athens, Greece). Two plants of the same type per 

container with six containers per treatment were used. The containers were arranged 

following a completely randomized design on a second-floor flat roof at the Agricultural 

University of Athens (37°59′ Ν, 23° 42′ Ε). The substrate used was grape marc compost: 

perlite: pumice (3: 3: 4, v/v) and had a 10 cm depth. Climatic conditions during this 

experiment are shown in Figure 1 c-e. Irrigation frequencies similar to those of the first 

experiment were applied, i.e., when substrate moisture 17–23% v/v (regular) and when 

substrate moisture 7–13% v/v (reduced). In the first month of cultivation, the plants were 

irrigated normally every 3 days and sparsely every 5 days, while in the following months 

every 2 and 4 days, respectively. Automatic drip irrigation on the substrate surface was 

applied before sunrise by two drippers placed at equal distances from the center of the 

container and the plants (dripper supply 4 L h
–1

, irrigation period: 60 min). This experiment 

lasted for 5 months, until September 2021. 

Plant growth was evaluated at the end of the experiments. The completely randomized design 

was used. The significance of the results was tested by either one- or two- way analysis of 

variance (ANOVA) and the means of the treatments were compared by Student’s t test at p< 

0.05 (JMP 11.0 software, SAS Institute Inc., Cary, NC, 2013, USA). 

 

Results and Discussion 

 

In the first experiment, in the greenhouse, all plants survived and the hybrid grew very 

satisfactorily under reduced irrigation, since only plant height was reduced from all growth 

parameters recorded (Table 1, Figure 2).  

In the second experiment, in the green roof, survival percentage was affected neither by 

Salvia type nor by irrigation frequency and was ranging between 66.7% and 91.7% (Table 2). 

S. tomentosa had higher plant height and diameter and aboveground dry weight than S. 

officinalis and their hybrid, while root dry weight was higher in the parental species compared 

to the hybrid. Reduced irrigation resulted in significant reduction of all growth parameters of 

all Salvia types. However, their growth remained satisfactory (Table 2, Figure 3). 

In other Salvia species, such as S. fruticosa (Chrysargyris et al., 2016) and S. officinalis 

(Sabry et al., 2016; Soltanbeigi et al., 2021), water deficiency was also reported to reduce 

plant height and plants yield components (above ground and leaf fresh and dry weight). 

Regarding other Labiatae species, in Lavandula latifolia, Mentha piperita and Thymus 

capitatus, the above ground fresh weight was reduced by drought stress, whereas in Salvia 

sclarea, Salvia lavandutifolia and Thymus mastichina it remained unaffected. As regards the 

above ground dry weight, only in L. latifolia there was a significant reduction under water 

deficit conditions (García-Caparrós et al., 2019). 

The root system was found to play a key role in plant drought resistance in S. officinalis 

(Abate et al. 2021), a result that was also supported by our research since S. officinalis 

showed the largest root/aboveground fresh and dry matter under both normal and sparse 

irrigation. In order to obtain drought tolerant genotypes, it is important to enlarge root-to-

shoot ratios, since enhanced root growth in plants is fundamental to improve drought 

tolerance and yield under water stress in various crops (Idrissi et al., 2015; Mathew et al., 

2018; Mwenye et al., 2018).  

 



 
 

 

Figure 2. Typical above ground and root system of the new interspecific hybrid S. officinalis × 

S. tomentosa, after having grown for three months in greenhouse conditions (A: without and 

B: with 25 g/L attapulgite/normal irrigation, C: without and D: with 25 g/L attapulgite/sparse 

irrigation). Size bar = 10.0 cm. 
 

Conclusions 

 

Despite the reduction of all growth parameters of all Salvia types under reduced irrigation in 

the extensive green roof, their growth remained satisfactory. So, both the hybrid S. officinalis 

× S. tomentosa and its parents, S. officinalis and S. tomentosa, are recommended for 

sustainable use in xeriscaping, including extensive green roofs. 
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Table 1. Growth of the new interspecific hybrid S. officinalis × S. tomentosa for three 

months (April–July 2021) in a greenhouse under normal and reduced irrigation (data per 

plant).  

Irrigation 

frequency 

Plant 

height 

(cm) 

Lateral 

shoot 

number 

Lateral 

shoot mean 

length (cm) 

Lateral 

shoot total 

length 

(cm) 

Above 

ground 

d.w. (g) 

Root 

d.w. 

(g) 

Root d.w./ 

Above 

ground 

d.w. 

Normal 30.1 a
†
 10.3 a 10.2 a 105.1 a 9.4 a 2.6 a 0.3 a 

Reduced 24.6 b 8.1 a 9.0 a 73.5 a 9.0 a 2.6 a 0.3 a 

Significance 
§
 

Fone-way ANOVA * NS NS NS NS NS NS 
† 

Mean values (n = 10) in each column followed by the same lowercase letter (a-b) did not 
differ significantly at p ≤ 0.05 using Student’s t-test. 
§
 NS or * or **, non-significant at p ≤ 0.05 or significant at p ≤ 0.05 or p ≤ 0.01, 

respectively. 



 

 
Figure 3. Typical growth of aboveground and root system of S. officinalis (a), S. tomentosa 

(b), and S. officinalis × S. tomentosa (c), after five months cultivation (April - September 

2021) in an extensive green roof, under normal (N) and sparse (S) irrigation. 

Table 2. Comparative evaluation of growth of two Greek sage species (S. officinalis and S. 

tomentosa) and their interspecific hybrid (S. officinalis × S. tomentosa) after five-month 

cultivation (April–September 2021) in an urban Mediterranean green roof under normal and 

reduced irrigation. 

Data Per container Per plant Per container (2 plants) 

Salvia type 
Irrigation 

Frequency 
Survival (%) 

Foliage 

height 

(cm) 

Plant 

diameter 

(cm) 

Above 

ground  

d.w. (g) 

Root  

d.w. (g) 

Root d.w./  

Above 

ground d.w. 

S. officinalis 
Normal 83.3 a

†
 23.9 c 29.2 bc 70.3 b 95.9 a 1.4 a 

Reduced 75.0 a 20.8 c 25.4 c 50.4 c 74.9 ab 1.5 a 

S. tomentosa 
Normal 66.7 a 37.0 a 43.2 a 109.4 a 93.1 a 0.8 a 

Reduced 91.7 a 32.0 b 32.8 b 72.0 b 38.0 bc 0.5 b 

S. officinalis × 

S. tomentosa 

Normal 91.7 a 29.9 b 30.2 bc 85.1 b 61.8 abc 0.7 b 

Reduced 66.7 a 24.0 c 26.0 c 52.5 c 32.2 c 0.6 b 

Significance 
§
 

FSalvia type  NS ** ** ** * ** 

Firrigation frequency  NS ** ** ** ** NS 

Fineraction  NS NS NS NS NS NS 

Fone-way ANOVA  NS ** ** ** ** ** 
† 

Mean values (n = 8-12) in each column using Student’s t test; means followed by the same 
letter are not significantly different at p ≤ 0.05 
§
 NS or * or **, non-significant at p ≤ 0.05 or significant at p ≤ 0.05 or p ≤ 0.01, respectively. 



References 

 

Abate E., Nardini A., Petruzzellis F., Trifilò P. (2021). Too dry to survive: Leaf hydraulic 

failure in two Salvia species can be predicted on the basis of water content. Plant 

Physiology and Biochemistry, vol. 166, pp. 215–224. 

Bayramoğlu E., Demirel Ö. (2015). Xerophytic landscape. In Efe R., Bizzarri C., Cürebal İ., 

Nyusupova N. (Eds.), Environment and Ecology at the Beginning of 21st Century, St. 

Kliment Ohridski University Press, Sofia, Bulgaria, pp. 180–189. 

Blamey M., Grey-Wilson C. (1993). Mediterranean Wild Flowers. Harper Collins Publishers, 

London, UK, pp. 401–402. 

Chrysargyris A., Laoutari S., Litskas V.D., Stavrinides M.C., Tzortzakis N. (2016). Effects of 

water stress on lavender and sage biomass production, essential oil composition and 

biocidal properties against Tetranychus urticae (Koch). Scientia Horticulturae, vol. 213, 

pp. 96–103. 

García-Caparrós P., Romero M.J., Llanderal A., Cermeño P., Lao M.T., Segura M.L. (2019). 

Effects of Drought Stress on Biomass, Essential Oil Content, Nutritional Parameters, and 

Costs of Production in Six Lamiaceae Species. Water, vol. 11, 573. 

Idrissi O., Houasli C., Udupa S.M., De Keyser E., Van Damme P., De Riek J. (2015). Genetic 

variability for root and shoot traits in a lentil (Lens culinaris Medik.) recombinant inbred 

line population and their association with drought tolerance. Euphytica, vol. 204, pp. 693–

709. 

Martinetti L., Tosca A., Spoleto P., Valaguss M., Gatt A. (2018). Evaluation of water stress 

tolerance of some species suitable for extensive green roofs. Acta Horticuturae, vol. 1215, 

pp. 113–116. 

Mathew I., Shimelis H., Mwadzingeni L., Zengeni R., Mutema M., Chaplot V. (2018). 

Variance components and heritability of traits related to root: Shoot biomass allocation and 

drought tolerance in wheat. Euphytica, vol. 214, pp. 1-12. 

Mwenye O.J., Van Rensburg L., Van Biljon, A., Van der Merwe R. (2018). Seedling shoot 

and root growth responses among soybean (Glycine max) genotypes to drought stress. In 

Kasai M. (Ed.), Soybean—Biomass, Yield and Productivity, IntechOpen, London, UK, pp. 

10.  

Papafotiou M., Martini A.N., Papanikolaou E., Stylias E.G., Kalantzis A. 2021. Hybrids 

development between Greek Salvia species and their drought resistance evaluation along 

with Salvia fruticosa, under attapulgite-amended substrate. Agronomy, vol. 11, 2401.  

Sabry R.M., Kandil M.A.M., Ahmed, S.S. (2016). Growth and quality of sage (Salvia 

officinalis), parsley (Petroselinum crispum) and nasturtium (Tropaeolum majus) as 

affected by water deficit. Middle East Journal of Agricultural Researchm, vol. 5, pp. 286–

294. 

Soltanbeigi A., Yıldız M., Dıraman H., Terzi H., Sakartepe E., Yıldız E. 2021. Growth 

responses and essential oil profile of Salvia officinalis L. influenced by water deficit and 

various nutrient sources in the greenhouse. Saudi Journal of Biological Sciences, vol. 

28(12), pp. 7327-7335. 

Tassoula L., Papafotiou M., Liakopoulos G., Kargas G. (2021). Water use efficiency, growth 

and anatomic-physiological parameters of Mediterranean xerophytes as affected by 

substrate and irrigation on a green roof. Notulae Botanicae Horti Agrobotanici Cluj-

Napoca, vol. 49, 12283. 

Tutin T.G., Heywood V.H., Burges N.A., Moore D.M., Valentine D.H., Walters S.M., Webb 

D.A. (1972). Flora Europaea, Volume 3 Diapenstaceae to Myoporaceae. Cambridge 

University Press, Great Britain, UK, pp. 188–190. 



GROWTH OF THE NEW Salvia officinalis × S. tomentosa 

HYBRID UNDER REDUCED IRRIGATION IN GREENHOUSE AND 

GREEN ROOF CONDITIONS

Maria PAPAFOTIOU1*, Aikaterini N. MARTINI1, Lamprini TASSOULA1,                                      

Eleonora PAPANIKOLAOU1, Eleftherios G. STYLIAS2, Anastasios KALANTZIS2

1Laboratory of Floriculture and Landscape Architecture, Department of Crop Science, School of Plant Sciences,                               

Agricultural University of Athens, Iera Odos 75, 11855 Athens, Greece   *Corresponding author: mpapaf@aua.gr
2Kalantzis Plants, Agioi Saranta, 19007 Marathon, Greece

Introduction
The new Mediterranean sage hybrid Salvia officinalis × S. tomentosa was

produced through interspecific crossbreeding between S. officinalis and S.

tomentosa native to Greece (Papafotiou et al., 2021). Aiming to exploit this hybrid

along with its parental species, in extensive green roofs and xeriscaping, their

resistance to xerothermic conditions was examined in a Mediterranean green roof

and in a greenhouse under normal and sparse irrigation frequency.

Materials and Methods
In a greenhouse experiment, 4-week-old rooted cuttings of the new
interspecific sage hybrid S. officinalis × S. tomentosa, were grown singly in

14 cm pots, on a peat-perlite mixture 2:1 (v/v). Plants were fertilized

monthly with 2 g/L water soluble fertilizer 20-20-20 (100 ml fertilizer/ pot).

In an extensive green roof experiment, 8-week-old rooted cuttings of the
hybrid S. officinalis × S. tomentosa, alongside with its parental species S.

officinalis and S. tomentosa, were cultivated in plastic containers with a

green roof infrastructure fitted, on a 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 a 10 cm depth. Both experiments started in

April 2021 and lasted 3 and 5 months, respectively. Two irrigation

frequencies, a normal (every 2–3 days, when substrate moisture 17–23%

v/v) and a sparse (every 3–5 days, when substrate moisture 7–13% v/v)

were applied.

Results and Discussion
In the greenhouse experiment, all plants survived and the hybrid grew very

satisfactorily under sparse irrigation, since only plant height was reduced

from all growth parameters recorded (Table 1, Figure 1).

In the green roof experiment, survival rate was affected neither by Salvia

type nor by irrigation frequency (Table 2). S. tomentosa had higher plant

height and diameter and aboveground dry weight than S. officinalis and

their hybrid, while root dry weight was higher in the parental species

compared to the hybrid. Sparse irrigation resulted in significant reduction

of all growth parameters in all Salvia types. However, their growth

remained satisfactory (Table 2, Figure 2).

The root system was found to play a key role in plant drought resistance in

S. officinalis (Abate et al., 2021), a result that was also supported by our

research since S. officinalis showed the largest root/aboveground fresh

and dry matter under both normal and sparse irrigation.

Conclusions
The new Mediterranean sage hybrid Salvia officinalis × S. tomentosa grew very

satisfactorily in a green house under sparse irrigation.

Despite the reduction of all growth parameters of all three Salvia types under

sparse irrigation in the extensive green roof, their growth remained satisfactory

and are recommended for sustainable use in xeriscaping, including extensive

green roofs.
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Figure 2. Typical growth

of aboveground and root

system of S. officinalis

(a), S. tomentosa (b),

and S. officinalis × S.

tomentosa (c), after five

months cultivation (April

- September 2021) in an

extensive green roof,

under normal (N) and

sparse (S) irrigation.

Table 1. Growth of the new interspecific hybrid S. officinalis × S. tomentosa for three

months (April–July 2021) in a greenhouse under normal and sparse irrigation (data

per plant).

Irrigation

frequency

Plant

height

(cm)

Lateral

shoot

number

Lateral 

shoot mean 

length (cm)

Lateral 

shoot total 

length 

(cm)

Above 

ground 

dr.wt. 

(g)

Root

dr.wt. 

(g)

Root dr.wt./ 

Above 

ground 

dr.wt.

Normal 30.1 a† 10.3 a 10.2 a 105.1 a 9.4 a 2.6 a 0.3 a

Sparse 24.6 b 8.1 a 9.0 a 73.5 a 9.0 a 2.6 a 0.3 a

Significance §

Fone-way ANOVA * NS NS NS NS NS NS
† Mean values (n = 10) in each column followed by the same lowercase letter (a-b) did not

differ significantly at p ≤ 0.05 using Student’s t-test.
§ NS or *, non-significant at p ≤ 0.05 or significant at p ≤ 0.05, respectively.

Table 2. Comparative evaluation of growth of two Greek sage species (S. officinalis

and S. tomentosa) and their interspecific hybrid (S. officinalis × S. tomentosa) after

five-month cultivation (April–September 2021) in an urban Mediterranean green roof

under normal and sparse irrigation frequency.

Data Per container Per plant Per container (2 plants)

Salvia type
Irrigation

Frequency

Survival 

(%)

Foliage 

height 
(cm)

Plant 

diameter 
(cm)

Above 

ground 

dr.wt. (g)

Root 

dr.wt. (g)

Root dr.wt./ 

Above 

ground dr.wt.

S. officinalis
Normal 83.3 a† 23.9 c 29.2 bc 70.3 b 95.9 a 1.4 a

Sparse 75.0 a 20.8 c 25.4 c 50.4 c 74.9 ab 1.5 a

S. tomentosa
Normal 66.7 a 37.0 a 43.2 a 109.4 a 93.1 a 0.8 a

Sparse 91.7 a 32.0 b 32.8 b 72.0 b 38.0 bc 0.5 b

S. officinalis ×

S. tomentosa

Normal 91.7 a 29.9 b 30.2 bc 85.1 b 61.8 abc 0.7 b

Sparse 66.7 a 24.0 c 26.0 c 52.5 c 32.2 c 0.6 b

Significance §

FSalvia type NS ** ** ** * **
Firrigation frequency NS ** ** ** ** NS
Finteraction NS NS NS NS NS NS
Fone-way ANOVA NS ** ** ** ** **
† Mean values (n = 8-12) in each column using Student’s t test; means followed by the same

letter are not significantly different at p ≤ 0.05
§ NS or * or **, non-significant at p ≤ 0.05 or significant at p ≤ 0.05 or p ≤ 0.01, respectively.

Figure 1. Typical aboveground

and root system of the new

interspecific hybrid S. officinalis

× S. tomentosa, after growing

for three months in greenhouse

conditions, under normal (N)

and sparse (S) irrigation

frequency.


