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Abstract 
 In the present study, the effect of substrate type and fertilization on growing 
rooted cuttings of five wild species of sage found in Greece, Salvia fruticosa, S. 
officinalis, S. pomifera ssp. pomifera, S. ringens and S. tomentosa was examined, aiming 
to develop an effective nursery-cultivation method, for their introduction to the 
horticultural industry. Rooted cuttings were transplanted in various substrates of 
peat:perlite (1:1, 2:1 or 3:1, v/v) in plastic pots, and were fertilized once a month with 
2 or 4 g L-1 water-soluble fertilizer (Nutrileaf 60, 20-20-20). Plants were maintained 
for four months (June to September 2019) in a greenhouse and their final height and 
axillary-shoot number and length were recorded. In S. pomifera ssp. pomifera, plants 
fertilized with 4 g L-1 were taller than those fertilized with 2 g/L-1, regardless of 
substrate. High fertilization caused extreme elongation of the central shoot in S. 
tomentosa resulting to plant bending. In the other three species, there were no 
differences in central shoot length (plant height) among treatments. More axillary 
shoots were formed by plants fertilized with 4 g L-1 in S. fruticosa and S. pomifera ssp. 
pomifera, by plants cultivated in peat:perlite 3:1 in S. ringens and by all treatments, 
excepting cultivation in peat:perlite 1:1 and fertilization with 2 g/L, in S. tomentosa. 
Generally, there were no differences among treatments in axillary shoot length, 
excepting S. tomentosa, in which the longest axillary shoots were produced by plants 
in peat:perlite 2:1. Although all species grew satisfactorily regardless of the 
experimental treatments, fertilization with 2 g L-1 could be suggested to produce 
more compact plants. 
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INTRODUCTION  

 Τhere is a trend to introduce native plant species as ornamental plants or landscape 
plants for green spaces and green roofs in particular, especially in dry and hot climates 
(Papafotiou et al., 2013a,b; Toscano et al., 2014; Akoumianaki-Ioannidou et al., 2015; 
Tassoula et al., 2015; Zucchi et al., 2019; Bastos et al., 2020), as they are adapting well to 
local conditions and contribute to the preservation of biodiversity (Cervelli et al., 2012; 
Salisbury et al., 2020). Use of Mediterranean Salvia species in xeriscape landscaping could 
have many benefits, such as reduced water and cultivation requirements, high ornamental 
value (rich inflorescence and color diversity of flowers), as well as attraction of bees and 
other pollinators (Hung et al., 2015; Giovanetti et al., 2020). Simultaneously those species 
could be attractive pot plants or cut flowers.  

There were a few reports found on propagation of Mediterranean salvia species 
(Erisen et al., 2020; Markovic et al., 2020), and a number on nursery growth of native 
Mediterranean xerophytes (Martini et al., 2017; Póvoa et al., 2019; Fascella et al., 2020), 
which showed that substrate type and fertilization can strongly affect growth and growth 
habit of these species. 
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The five Salvia species of this study are fragrant bushes with high variability in flower 
color from white and blue to pink and violet, in March to August, depending on the species. 
Some are used as herbal tea with medicinal properties (Blamey & Grey-Wilson, 1993). 

As part of a research program (SALVIA-BREED-GR, https://www.salvia-breed-
gr.com/en/), which concerns breeding and promotion of sage species native in Greece for 
horticultural use, in the present study, the effect of substrate type and fertilization on 
growing rooted cuttings of S. fruticosa, S. officinalis, S. pomifera ssp. pomifera, S. ringens and 
S. tomentosa, was investigated, aiming to develop an efficient nursery-cultivation method. 

 
MATERIALS AND METHODS 
 Rooted cuttings of Salvia fruticosa, S. pomifera ssp. pomifera, S. ringens and S. 
tomentosa (Figure 1), eight-weeks old, were transplanted end of May 2019 on various 
substrates of peat-perlite (1:1, 2:1 or 3:1, v/v), in plastic pots (1.3 L), and were fertilized 
once a month with 2 or 4 g L-1 water-soluble fertilizer (Nutrileaf 60, 20-20-20, Mg 0.0251 %, 
Cu 0.05%, B 0.02%, Fe 0.10%, Mn 0.05%, Zn 0.05%, Mo 0.001 %). Rooted cuttings of S. 
officinalis (Figure 1) were transplanted only on a peat-perlite 2:1 (v/v) substrate and were 
fertilized with 2 or 4 g L-1 fertilizer, due to lack of sufficient number of rooted cuttings, 
because of their low rooting percentage caused by insufficient lignification and the fact that 
they were all in blooming (Martini et al., 2020). Plants were maintained in a glasshouse and 
were initially watered once every 5 days. As plants grew, the water requirements increased 
throughout the summer season and at the end of summer, they were watered three times a 
week. Their growth was evaluated at the end of September 2019, recording central shoot 
length (from the level of the pot rim to the highest leaf), and axillary-shoot number and 
length. The completely randomized design and four repetitions of ten cuttings per treatment 
were used, the significance of the results was tested by three-ways analysis of variance 
(ANOVA) for the four species, excepting S. officinalis, as well as one- and two-way analysis of 
variance (ANOVA) for each species, while treatment means were compared by Student’s t 
test at p ≤ 0.05. Three-way ANOVA for all growth parameters showed significant interaction 
of the experimental factors (plant species, substrate, fertilization) so, data were analyzed 
separately for each species using two-way ANOVA. 

 

 

Figure 1. Rooted cuttings used as plant material in the experiments. Salvia fruticosa (a), S. 
officinalis (b), S. pomifera ssp. pomifera (c), S. ringens (d) and S. tomentosa (e). Size 
bars = 5 cm. 
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RESULTS AND DISCUSSION 
Central shoot length did not differ between treatments in S. fruticosa and S. ringens 

(Figure 2a; Figure 3a, b and d), neither in S. officinalis (17.4 and 14.8 cm for 2 and 4 g/L-1, 
respectively). S. officinalis plants were the shortest of all species, because main shoot was 
not elongated due to the blooming of cuttings (Figure 2a; Figure 3). In S. pomifera ssp. 
pomifera plants fertilized with 4 g L-1 were taller than those fertilized with 2 g/L-1, 
regardless of substrate (Figures 2a and 3c). S. tomentosa showed intense bending in 
greenhouse cultivation, and the highest elongation of all species. Highest elongation in this 
species was observed in peat:perlite 2:1 fertilized with 4 mg L-1 significantly different from 
peat:perlite 1:1 or 3:1 with the same fertilization and from peat:perlite 1:1 with 2 mg L-1 
fertilization (Figure 2a), while increasing peat content in the substrate or fertilization 
intensified shoot bending (Figure 3e). Peat:perlite ratio and amount of fertilization has been 
shown in previous works as well, to affect strongly shoot elongation and plant shape 
inducing shoot bending, in a number of Mediterranean species (Papafotiou et al., 2000b; 
Akoumianaki - Ioannidou et al., 2016 and Martini et al., 2017).  
 Regarding axillary shoot number, in S. fruticosa and S. pomifera ssp. pomifera, more 
shoots were formed by plants fertilized with 4 g L-1 than with 2 g L-1, in all substrates (Figure 
2b; Figure 3a and c). In S. ringens, axillary shoot number was greater in plants transplanted 
in peat:perlite 3:1, irrespectively fertilization (Figures 2b and 3d), while in S. tomentosa, 
equal number of axillary shoots was produced in all treatments, excepting transplantation in 
peat:perlite 1:1 and fertilization with 2 g L-1 (Figures 2b and 3e). More axillary shoots per 
plant were also produced by Teucrium capitatum cuttings (Martini et al., 2017) or Lavandula 
stoechas seedlings (Papafotiou et al., 2000b), when they were fertilized with the highest or 
the most frequent dose. In S. officinalis, axillary shoot number was not affected by 
fertilization dose (3.8 axillary shoots for both fertilizations) (Figure 3b), similar to the 
results reported for Euphorbia characias (Papafotiou et al., 2000a). S. tomentosa developed 
most axillary shoots followed by S. pomifera ssp. pomifera, while S. ringens developed the 
fewest shoots (Figure 2b). 
 Axillary shoot length was similar in all treatments in most species, excepting S. 
tomentosa, in which length of axillary shoots was highest in plants transplanted in 
peat:perlite 2:1 (Figures 2c and Figure 3). In S. officinalis, axillary shoots of equal length 
(10.5-12.3 cm) were also produced in both fertilization doses (Figure 3b). 
 Conclusively, all species grew satisfactorily irrespectively of substrate and 
fertilization treatments, but fertilization with 2 g L-1 could be proposed in order to produce 
more compact plants, with less bending shoots, especially in case of S. tomentosa. 
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Figure 2. Effect of substrate type and amount of fertilization on (a) central shoot length, (b) 
axillary shoot number and (c) axillary shoot length, of rooted cuttings of five 
species of sage native in Greece three months after transplantation on the 
substrates shown. Mean values for each species followed by the same lower-case 
letter do not differ significantly at P ≤ 0.05 by Student’s t test.  
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Figure 3. Typical growth of rooted cuttings of the species Salvia fruticosa (a), S. officinalis 
(b), S. pomifera ssp. pomifera (c), S. ringens (d) and S. tomentosa (e), three months 
after transplantation on marked substrates (v/v): peat-perlite 1:1 (1 and 2), peat-
perlite 2:1 (3 and 4) and peat-perlite 3:1 (5 and 6) and fertilizations: with 2 g L-1 
(odd numbers) or 4 g L-1 (even numbers) fertilizer, respectively. Size bars = 10 cm. 
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RESULTS AND DISCUSSION 

• Central shoot length did not differ between treatments in S. fruticosa and S. ringens (Figure 
2a; Figure 3a, b and d), neither in S. officinalis the shortest of all species (17.4 and 14.8 cm for 
2 and 4 g/L-1, respectively) (Figure 2a; Figure 3). In S. pomifera ssp. pomifera plants fertilized 
with 4 g L-1 were taller than those fertilized with 2 g/L-1, regardless of substrate (Figures 2a 
and 3c). Highest elongation in S. tomentosa was observed in peat:perlite 2:1 fertilized with 4 
mg L-1 (Figure 2a and Figure 3e).  

• In S. fruticosa and S. pomifera ssp. pomifera, more shoots were formed by plants fertilized 
with 4 g L-1 than with 2 g L-1, in all substrates (Figure 2b; Figure 3a and c), in S. ringens in peat-
perlite 3:1, irrespectively fertilization (Figures 2b and 3d), while in S. tomentosa, equal 
number of axillary shoots was produced in all treatments, excepting transplantation in peat-
perlite 1:1 and fertilization with 2 g L-1 (Figures 2b and 3e). In S. officinalis, axillary shoot 
number was not affected by fertilization dose (3.8 axillary shoots for both fertilizations) 
(Figure 3b). S. tomentosa developed most axillary shoots followed by S. pomifera ssp. 
pomifera, while S. ringens developed the fewest shoots (Figure 2b). 

• Axillary shoot length was similar in all treatments in most species, excepting S. tomentosa, in 
which length of axillary shoots was highest in plants transplanted in peat-perlite 2:1 (Figures 
2c and Figure 3). In S. officinalis, axillary shoots of equal length (10.5-12.3 cm) were also 
produced in both fertilization doses (Figure 3b). 

Figure 1. Rooted cuttings used as plant material in the experiments. 
Salvia fruticosa (a), S. officinalis (b), S. pomifera ssp. pomifera (c), S. 
ringens (d) and S. tomentosa (e). Size bars = 5 cm. 

CONCLUSIONS 
All species grew satisfactorily irrespectively of substrate and fertilization 
treatments, but fertilization with 2 g L-1 could be proposed in order to 
produce more compact plants, with less bending shoots, especially in case of 
S. tomentosa. 
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Figure 2. Effect of substrate type and amount of fertilization on (a) central shoot 
length, (b) axillary shoot number and (c) axillary shoot length, of rooted cuttings of 
five species of sage native in Greece three months after transplantation on the 
substrates shown. Mean values for each species followed by the same lower-case 
letter do not differ significantly at P ≤ 0.05 by Student’s t test. In all plant species’ 
growth parameters Finteraction

NS
; in (a) Fsubstrate

NS
; Ffertilization

NS
, apart from S. officinalis, 

S. pomifera and S. tomentosa where Ffertilization
*
 at P ≤ 0.05; in (b) Fsubstrate

*
 at P ≤ 

0.05, apart from S. fruticosa where Fsubstrate
NS

; in (c) Fsubstrate
NS

, apart from S. ringens 
and S. tomentosa where Fsubstrate

*
 at P ≤ 0.05. 
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Figure 3. Typical growth of rooted cuttings of the species Salvia fruticosa (a), S. officinalis (b), S. 
pomifera ssp. pomifera (c), S. ringens (d) and S. tomentosa (e), three months after transplantation 
on marked substrates (v/v): peat-perlite 1:1 (1 and 2), peat-perlite 2:1 (3 and 4) and peat-perlite 
3:1 (5 and 6) and fertilizations: with 2 or 4 g L

-1
 fertilizer, respectively. Size bars = 10 cm. 
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MATERIALS AND METHODS 

• Rooted cuttings were transplanted on various substrates of 
peat-perlite (1:1, 2:1 or 3:1, v/v), in plastic pots (1.3 L), fertilized 
once a month with 2 or 4 g L-1 water-soluble complete fertilizer 
(Nutrileaf 60, 20-20-20). 

• Plants were maintained (for 4 months) in a glasshouse and were 
initially watered once every 5 days and at the end of summer, 
they were watered three times a week.  

• Plants’ growth was evaluated at the end of the experiment, 
recording central shoot length, axillary-shoot number and 
length.  
 

INTRODUCTION 
• Native plant species are introduced as ornamental/landscape 

plants in dry and hot climates while substrate type and 
fertilization can strongly affect their growth and their growth 
habit. 

• The five Salvia species of this study are fragrant bushes with 
high variability in flower color. Some are used as herbal tea with 
medicinal properties . 

• The effect of substrate type and fertilization on growing rooted 
cuttings of Salvia fruticosa, S. officinalis, S. pomifera ssp. 
pomifera, S. ringens and S. tomentosa, was investigated, aiming 
to develop an efficient nursery-cultivation method. 


