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AbstractAbstractAbstractAbstract    
    
In the present study the in vitro propagation from adult native plants of Juniperus oxycedrus was 

investigated. The effect of seasonal explant collection (spring, summer, winter), in varying media and cytokinin 
type were examined. The decontamination process of explants taken in the summer was more efficient than 
that of the other seasons (57.3% of the explants survived). In the spring a low performance in shoot formation 
took place both on hormone free Murashige and Skoog (MS) media and Rugini Olive Medium (OM) or each 
containing 6-benzyladenine (BA) at 1.0 mg L-1 by which shoots did not elongate more than 0.5 cm. In the 
summer OM was used, and a higher in vitro performance was observed on medium containing 0.1 mg L-1 6-

(γ,γ-Dimethylallylamino)purine (2iP); the shoot formation percentage was 72.0%, and respectively 3.1 shoots, 
1.4 cm in length, were formed. In the winter, the shoot formation percentage was 92.0-100.0%, and respectively 
3.9 shoots of 0.4 cm length were formed on medium containing 1.0 mg L-1 2iP. The multiplication phase on 
cytokinin-containing media led to a satisfactory proliferation rate in terms of shoot formation percentage and 
shoot number. The higher shoot number (3.3) was recorded on media containing 2iP at 1.0 mg L-1, while the 
shoot length was longer (2.0) cm, on hormone-free media. Initiation of roots was not observed during the 
rooting phase on hormone-free half-strength OM, or supplemented with 1.0 and 2.0 mg L-1 IBA. Spontaneous 
rooting at a low percentage (10.0%) was observed on OM media supplemented with 0.1 mg L-1 2iP and 
successful acclimatisation took place on a 1:1 (v/v) ratio of peat to perlite substrate. 
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IntroductionIntroductionIntroductionIntroduction    
 
The genus Juniperus (f. Cupressaceae) family includes 67 species constituting it the second-largest genus 

of conifers; its members are native mainly to the northern hemisphere (Adams, 2004). There are eight species 
in Greece: Juniperus drupacea, J. communis, J. oxycedrus, J. macrocarpa, J. phoenicea, J. foetidissima, J. excelsa, 

and J. sabina. J. oxycedrus, commonly known as ‘prickly juniper’, is also known by the name ‘cade’ or ‘sharp 

cedar’. It is a composing species of the Mediterranean sclerophyll scrublands, spreading around the 
Mediterranean Sea over to Caucasus and Iran at altitudes ranging from sea level to 2,200 m asl. It can be found 
on dry, rocky slopes, sand dunes, and at higher altitudes in pastures, that are usually overgrazed (Farjon, 2010). 
J. oxycedrus has been assessed for The IUCN Red List of Threatened Species in 2011 and is listed as Least 
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Concern (Farjon, 2013). The form of the plant may vary from a shrub to a small conical-shaped tree up to 12.0 
m in height, having branches that hang down to the ground. The colour of its bark is gray-brown and its leaves 
are needle-shaped, hard, without articulation, and arranged in whorls of threes. It is a dioecious plant with 
monogenic flowers that grow in the axils of the leaves. The seed cones are berry-like, with a diameter of up to 
12.0 mm, and usually contain two or three seeds (Korakis, 2015). 

Essential oils are extracted from the Juniper berries and are used by the pharmaceutical industry for their 

beneficial properties (Unlu et al., 2008; Ahani et al., 2013; Al-Ramamneh et al., 2017), and by the distillery and 

perfume industry as flavor and aroma compounds respectively (Ilashi, 1986), while the Juniper forests are 

exploited for timber (Berhe and Negash, 1998). 
Regarding the use of conifers in the urban and suburban landscape, it is mentioned that they possess 

particular traits and ornamental forms suitable for landscaping (Torchik, 2010). Additionally, coniferous, 
forest, woody species used for ornamental purposes can provide significant ecosystem services enhancing 
biodiversity conservation and facilitating pest control (de Foresta et al., 2013). The hardy nature and drought 

tolerance of Juniperus species constitute it of high ornamental value for xeriscaping, coastal planting, and 

regenerating degraded soil areas, as it is suitable for areas threatened by soil erosion (Ceballos and Ruis, 1971). 
Many Juniperus species have a limited reproductive capacity, with low seed production as well as decreased seed 

viability (Garcia, 2001; Ferradous et al., 2013); this may be due to reduced pollination, low viability of pollen, 

as well as local prevailing harsh environmental conditions (Ortiz et al., 1998; Arista et al., 2001). Furthermore, 

often dispersed seeds (by gravity, surface runoff, and animals) are deposited in areas with unfavorable seed 
germination conditions (Ortiz et al., 1998; Chambers et al., 1999). All of the above-mentioned factors as well 

as overgrazing, fires, and human activity, have led to the reduction of Juniperus natural habitats, of which some 

species are already listed as rare or endangered (Hazubska-Przybył, 2019). A variety of nutrient media, explant 
types, auxin and cytokinins have been used for the in vitro propagation of different Juniperus species (Gómez 

and Segura, 1995; Loureiro et al., 2007; Kocer et al., 2011; Khater and Benbouza, 2019; Bertsouklis et al., 2020) 

indicating the difficulty and need to meet certain particularities for their micropropagation. In vitro 

propagation could enhance the mass production and spread of J. oxycedrus. To our knowledge, there is one 

study on axillary shoot proliferation of J. oxycedrus on modified Schenk and Hildebrandt medium (SH), 

(Gómez and Segura, 1995), showing a low in vitro performance.  

Therefore, this study aims to examine the effect of seasonal explant collection (spring, summer, winter) 
in varying media (Murashige and Skoog and Rugini Olive Medium) and cytokinin types (BA, 2iP and KIN) 
with the potential to enhance in vitro performance of J. oxycedrus contributing to its preservation and 

protection as well as its use as an ornamental plant in arid and semi-arid or degraded Mediterranean landscapes. 
 

 
Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Plant material 

Nodal explants were excised from the apical part of actively growing stems of an adult tree growing in 
the wild (Marathon, Attica, Greece) in May (spring), June (summer), and January (winter) 2020. Following 
excision, explants well washed under running tap water, were surface-sterilized with absolute alcohol solution 
(90.0%, v/v) for 10 sec and then with 30.0% (v/v) commercial bleach (4.6% w/v sodium hypochlorite), 
supplemented with 0.1% Tween-20 for 10 min. Afterwards they were rinsed with sterile distilled water for 3 
min, three times.  
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Establishment and multiplication 

The establishment of the initial cultures was examined in three seasons (spring, summer and winter) and 
took place on either Murashige and Skoog (MS) (Murashige and Skoog, 1962) or Rugini Olive Medium (OM) 
(Rugini, 1984) media. MS was used for the spring cultures, while OM was used for the spring, summer and 
winter cultures. In more detail, the spring establishment experiment on MS and OM was either hormone free 
(Hf) or supplemented with 1 mg L-1 6-benzyladenine (BA); the summer establishment experiment, on OM 
media was either Hf or supplemented with 0.1 mg L-1 6-(γ,γ-Dimethylallylamino) purine (2iP); and the winter 
establishment experiment, on OM media was either Hf or supplemented with either 1.0 mg L-1 2iP, or with 
1.0 mg L-1 kinetin (KIN). The initial cultures contained 48-96 explants / replicates per treatment.  

On the other hand, the multiplication phase examined a total of three subcultures on OM media: 
hormone-free, or supplemented with BA (1.0 mg L-1) or 2iP (0.1 and 1.0 mg L-1). The multiplication phase 
subcultures each contained 20-68 explants per treatment. 

 
In-vitro culture conditions and data collection 

Initial cultures took place in 50.0 ml cylindrical test tubes (diameter 25.0 mm and height 10.0 cm), filled 
with 10.0 ml media and contained one explant per tube. On the other hand, sub-cultures and rooting 
experiments took place in 100.0 mL Sigma vessels, sealed with Magenta B-caps, that were filled with 25.0 ml 
media, and contained four explants or micro-shoots per vessel. The cultures were incubated at 25.0±2.0 °C, 
with a 16-h photoperiod at 37.5 μmol m-2 s-1 provided by cool-white, fluorescent lamps. All the media contained 
30.0 g L-1 sucrose, were solidified with 8.0 g L-1 agar, and their pH was adjusted at 5.7-5.8 before agar addition 
and autoclaving at 121.0 °C for 20 min. Data on the survival, infection, and damage of the cultures as well as 
the effectiveness of the decontamination process were collected after 7 days of culture. Data on shoot 
proliferation percentages, shoot numbers per explant and shoot lengths were collected 60 days after the culture, 
according to Gómez and Segura (1995). The “multiplication index” (MI) was calculated by multiplying the 
percentage of explants that produced shoots by the mean number of shoots per responding explant, then 
dividing by 0.6 (the length of each explant used for sub-culture) to obtain the proliferation potential of the 
cultures.  

 
Rooting and ex vitro acclimatisation 

Half-strength OM (OM/2), supplemented with indole-3-butyric acid (IBA) at 1.0 and 2.0 mg L-1 was 
used in the rooting stage. Twenty-four micro-shoots were cultured into each of the three different rooting 
OM/2 media. 1.5-2.5 cm long, thoroughly rinsed under running tap water to remove the medium were 
transferred to 500.0 mL plastic containers (8 plantlets/container, 2 containers) filled with a soilless substrate 
composed of peat (pH 5.5-6.5, Klasmann-Delimann GmbH, Geeste, Germany) and perlite (particles diameter 
1.0-5.0 mm, Perloflor, Isocon S.A., Athens, Greece) at a 1:1 (v/v) ratio. The containers were covered with 
transparent plastic wrap to maintain humidity, and placed for one week in a growth chamber at 25±2.0 °C and 
photoperiodic lighting {16 h cool white fluorescent light (37.5 μmol.m−2 s−1):8 h dark}. Next, containers were 
uncovered and transferred to a bench in a heated glasshouse of the Laboratory of Floriculture & Landscape 
Architecture of the Agricultural University of Athens (lat. 37°58′58.0″ N, and long. 23°42′19.2″ E) and 14 
days later, data on the acclimatisation of the plantlets were recorded.  

 
Statistical analysis 

The experiment followed the completely randomized design method, and the significance between 
treatments was by one-way analysis of variance (ANOVA) (JMP 14.0 software, SAS Institute Inc., Cary, NC, 
USA, 2013). Data on percentages were arcsine-transformed before statistical analysis was performed. The 
treatment means were compared using Student’s t-test at P < 0.05 (JMP 14.0 software, SAS Institute Inc., Cary, 

NC, USA, 2013). Concerning, the multiplication phases the collected data from the three subcultures were 
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pooled together. Note that the number of replicates per treatment (‘n’) differed between experiments and are 

stated in the tables presented.  
 
 
ResultsResultsResultsResults    and Discussionand Discussionand Discussionand Discussion    
 
Culture establishment 

The season of explant collection can play a pivotal role in the in vitro establishment of initial cultures 

starting from adult mother plants. In the present study, summer explant collection showed to have the best 
response to the decontamination process followed, and the least percentage of infection compared to spring 
and winter explant collections. More specific, the survival explants percentage was 57.3% for summer 
establishment, followed in descending order by 29.9% for corresponding winter and 16.7% for corresponding 
spring establishment (Figure 1). The seasonal effect of explant collection has been reported for many other 
woody species having an important role in aseptic culture establishment (Kumar et al. 2005; Kartsonas and 

Papafotiou 2007; Wang and Yao, 2017) as shown similarly in the current study. In future studies, the use of a 
fungicide solution prior to applying the sodium-hypochlorite solution could possibly enhance the efficiency of 
the decontamination process as has been reported for other Juniperus species (Loureiro et al. 2007; Baravardi 

et al. 2014). 

 

 
Figure 1.Figure 1.Figure 1.Figure 1. Percentage (%) of survival, infection, and damage of Juniperus oxycedrus explants recorded 7 days 

after the decontamination process, using 90.0% (v/v) ethanol for 10 sec, followed by 30.0% sodium 
hypoclorite supplemented with 0.1% Tween-20 for 10 min, and finally rinsed with sterile distilled water 

for 3 min, three times (n=48-96).  

 
In the spring the initiated shoots showed stunted growth in line with Gómez and Segura (1995). MS 

medium was rated as insufficient in terms of shoot formation; none shoot formation was observed on hormone 
free MS medium and relatively small percentage of shoot formation (40.0%) was observed on MS media 
containing 1.0 mg L-1 BA. Despite a relatively large number of shoots/explant (5.8 shoots/explant) were formed 
on MS containing BA, these shoots were too short (0.2 cm) (Table 1). On the other hand, OM media 
demonstrated a slightly higher performance in terms of shoot formation and shoot length (0.5 cm) which was 
used for the summer and winter in vitro establishment. The inefficiency of MS media has also been 

demonstrated for the in vitro propagation of Juniperus phoeniceae (Loureiro et al., 2007; Bertsouklis et al., 

2020). 
Higher shoot formation percentages (92.0%-100.0%) were observed in the winter, on OM media 

without hormone or supplemented with either 1.0 mg L-1 2iP or KIN in line with Gómez and Segura (1994) 
(Table 1).  The highest multiplication index (5.2) was recorded in the summer, on OM supplemented with 0.1 
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(mg L-1) 2iP (Table 1); although the corresponding shoot formation percentage in the summer (72.0%) was 
less compared to winter, both the number of shoots formed (3.1) and shoot length (1.4 cm) were satisfactory 
(Figure 2A, Table 1). Gómez and Segura (1995) found higher shoot formation percentages (100.0%) on 
modified Schenk en Hildebrandt (SH) media (Schenk and Hildebrandt, 1972), and with non-significant 
influence of the explant collection season on both the shoot formation percentages and the number of shoots 
formed per explant (1.6 to 2.0).  

 
Table 1.Table 1.Table 1.Table 1. The combined effect of seasonal explant collection and media on the in vitro initial culture shoot 

proliferation of Juniperus oxycedrus explants  

Season Media1 
Shoot formation  

(%) 
Shoot 

number 
Shoot length  

(cm) 
MI2 

Spring 

OM 50.0 b 2.3 c 0.5 b 0.9 b 

OM +1 mg L-1 BA 44.0 b 4.3 b 0.3 b 0.9 b 

MS - - - - 

MS +1 mg L-1 BA 40.0 b 5.8 a 0.2 b 0.8 b 

Summer 
OM 46.0 b 2.1 c 1.2 a 1.9 b 

OM +0.1 mg L-1 2iP 72.0 ab 3.1 c 1.4 a 5.2 a 

Winter 

OM 92.0 a 2.6 c 0.6 ab 2.4 ab 

OM +1 mg L-1 2iP 100.0 a 3.9 b 0.4 b 2.6 ab 

OM +1 mg L-1 KIN 95.0 a 3.0 c 0.5 ab 2.4 ab 

Fone-way ANOVA * *** ** ** 
1ΜS: Murashige and Skoog; OM: Olive Medium; BA, 2iP and KIN: cytokinins BA, 2iP and KIN respectively. 
2MI: multiplication index = shoot formation (%) × mean shoot number per explant × mean shoot length/0.6. *, **, ***: 

denote significance at P < 0.05, P < 0.01, P < 0.001, respectively. Differences between means within columns are shown 

with different letters (Student’ s t test, P <0,05), n= 24-48. 

 
Multiplication phase  

Based on the reduced performance of MS media compared to OM in the in vitro initial culture of J. 

oxycedrus explants, only OM media were examined during the multiplication phase. These findings are in 

accordance with Khater and Benbouza (2019) who reported that after two weeks on MS, during the second 
subculture of Juniperus thurifera L. an initial basal browning gradually progressing to the necrosis of the entire 

stem length was observed.  Therefore, the effect of OM without hormone or with BA and 2iP were examined. 
The proliferation rate in terms of shoot formation percentage was greater on OM supplemented with either 
2iP or BA (81.0%-100.0%), while in terms of shoot number was greater on OM supplemented with 2iP at 1.0 
mg L-1 (Table 2, Figure 2B). On the other hand, the longest shoots (2.0 cm) were observed on OM hormone-
free media. During the multiplication phase, an increase in shoot length compared to the establishment phase 
was observed (Table 1, Table 2). Micro-shoots produced during the multiplication phase on OM media 
containing 2iP were vigorous and well-formed compared to the micro-shoots on BA media that showed, 
progressive loss of morphogenetic potential (data not shown), in line with Gómez and Segura (1995) who also 
reported the development of hyperhydration of J. oxycedrus micropropagated shoots. 
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Table 2.Table 2.Table 2.Table 2. The effect of Olive Medium media, hormone free or supplemented with cytokinins (BA at 1.0 

mg L-1or 2iP at 0.1 or 1.0 mg L-1) on the shoot proliferation of Juniperus oxycedrus explants 

Cytocinin1 
Concentration 

(mg L-1) 
Shoot formation  

(%) 
Shoot 

number 
Shoot length 

(cm) 
MI2 

Hormone free 0 50.0 b 1.8 b 2.0 a 3.0 a 

BA 1.0 100.0 a 1.3 b 1.2 b 2.6 a 

2iP 0.1 98.0 a 1.9 b 1.1 bc 4.2 a 

2iP 1.0 81.0 a 3.3 a 0.8 c 3.0 a 

Fone-way ANOVA ** *** *** ns 
1BA, 2iP and KIN: cytokinins BA, 2iP and KIN respectively. 2MI: multiplication index = shoot formation (%) × mean 
shoot number per explant × mean shoot length/0.6. ns, *, **, ***: denote non signicance at P < 0.05 or significance at P 

< 0.05, P < 0.01, P < 0.001, respectively. Differences between means within columns are shown with different letters 

(Student’ s t test, P <0,05), n=20-68. 

 

 
Figure 2.Figure 2.Figure 2.Figure 2. The establishment phase of initial cultures of Juniperus oxycedrus explants collected from adult 

plants on Olive Medium (OM) (A) and the corresponding multiplication phase on OM medium (B). 
The vertical bar represents the length of 1.0 cm. 

 
Rooting phase and ex vitro acclimatisation 

Initiation of roots was not shown on OM/2 that was hormone free or contained IBA at 1.0 and 2.0 mg 
L-1. These findings are in accordance with Brito (2000) and Bertsouklis et al. (2020) who found that several 

Juniperus phoenicea genotypes had been recalcitrant to rooting.  In vitro rooting is a challenge concerning the 

members of the Cupressaceae f. (Negussie, 1997; Oliveira et al., 2003) making it difficult to develop 

commercially efficient in vitro protocols. Spontaneous rooting took place in subsequent subcultures on OM 

media supplemented with 0.1 mg L-1 2iP by which micro-shoots rooted at 10.0% (data non shown, Figure 3). 
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Figure 3.Figure 3.Figure 3.Figure 3. Spontaneous rooted micro-shoots of Juniperus oxycedrus 60-days old (A) and plantlets 

established on peat:perlite (1:1 v/v) substrate at the end of the acclimatization process (B). 
Βars represent the length of 1.0 cm 

 
The later results agree with Gómez and Segura, (1994) who also reported spontaneous rooting of the 

species J. oxycedrus. After three weeks in the acclimatisation phase, the survival rate was 100.0%, while two to 

three well-formed, relatively thick, and approximately 2.0-3.0 cm in length roots, were formed. The high 
acclimatisation rate of J. oxycedrus in the present study, is promising for establishing an efficient in vitro 

propagation method compared to other Juniperus species, such as Juniperus thurifera L. which demonstrated a 

relatively low survival rate (≤ 50.0%), of in vitro rooted micro-shoots transplanted into peat:perlite mixture 

(1:1, v/v ratio) (Khater and Benbouza, 2019).  Low rooting percentages of J. oxycedrus (7.0-10.0 %) have been 

reported also by Gómez and Segura (1995) on media supplemented with IBA with non-significant differences 
from other auxins or auxin combinations tested. Gómez and Segura (1994) established high rooting 
percentages with adventitious shoots regenerated from leaves of mature J. oxycedrus suggesting that the 

micropropagation method affected the rooting ability of the regenerated shoots based on a rejuvenation process 
observed in other woody species.  

 
    
ConclusionsConclusionsConclusionsConclusions    
 
J. oxycedrus is currently under threat, with several desirable characteristics such as drought tolerance and 

possible application as an ornamental plant species. In vitro propagation constitutes an effective method to 

promote the protection, reintroduction, and restoration of threatened species, and studies on in vitro 

propagation of J. oxycedrus is limited. The study herein examined the potential to advance information on in 

vitro performance of J. oxycedrus contributing to its preservation and protection. The study showed that 

summer explant collection generated in the establishment phase of the in vitro propagation of J. oxycedrus, a 

satisfactory multiplication rate on OM containing 0.1 mg L-1 2iP, and concomitantly the most effective 
disinfection process. The use of OM containing 0.1 mg L-1 2iP also proved to be sufficient for the multiplication 
stage. Further research is needed to examine the possibility to facilitate and increase the percentage of rooting 
induction of J. oxycedrus micro-shoots. Despite the shown low percentage of rooted J. oxycedrus micro-shoots 

in this study, the survival of plantlets in the acclimatisation phase was successful and is promising for 
contributing to the preservation and protection of J. oxycedrus as well as its use as an ornamental plant in arid 

and semi-arid, or degraded Mediterranean landscapes. 
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