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Abstract: The effectiveness of a double phase (solid/liquid) culture system 
(DPS) in comparison to a conventional (solid) system (CS) as well as, the role of 
various concentrations of activated charcoal in both systems on the enhance­
ment of micropropagation of Malus sylvestris (L.) Mill. were investigated. In 
this study, lateral shoots were used as primary explants and a comparison for 
shoots regeneration and rooting abilities was assessed between DPS and CS 
micropropagation systems. Also, the effect of activated charcoal concentration 
(0, 250, 500, 1000 mg l­1) during rooting stage was evaluated for both micro­
propagation systems. All assessed biometric parameters were higher in the DPS 
propagation system. The addition of activated charcoal induced effectively rhi­
zogenesis in both systems, whereas the highest value of roots length (13.16 cm) 
was in the DPS system supplemented with activated charcoal at 500 mg l­1. The 
DPS culture system represents a promising low­cost and time­saving technique 
which may improve micropropagation efficiency in producing a large quantity 
of homogenous wild apple plants. 
 
 
1. Introduction 
 
     Malus sylvestris (L.) Mill. represents an autochthonous species of 
Albania. This distinct species is of great importance not only as a primary 
wild relative and potential gene donor for the domesticated apple 
(Stephan et al., 2003), but also for its medicinal values (Stojiljković et al., 
2016). For years in Albania, no accurate inventory has been conducted for 
the vulnerable populations of this species which is classified in the cate­
gory of threatened species, and maybe soon, it will be at possible risk of 
extinction (FAO, 2015; Gixhari and Ramadani, 2016). In Europe also, there 
is a lack of information regarding its geographical distribution and for this 
reason, in The IUCN Red List of Threatened Species (IUCN, 2019), it is 
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included in the category of ‘data deficient’ species. 
Beside this, it is also reported as endangered in some 
European countries (Larsen et al., 2006; Wagner et 
al., 2014). The specific need for agricultural yield is 
one of the key reasons for the development of tissue 
culture technology worldwide. Indeed, plant micro­
propagation is an efficient method of propagating 
disease­free, genetically uniform and massive 
amounts of plants under in vitro conditions (Gupta et 
al., 2020). Over the years, the number of plant 
species which have been clonally propagated through 
tissue culture was increased and the most commer­
cially important species have been studied. In vitro 
propagation techniques have found wide use 
because of their effectiveness in terms of the high­
quality product obtained and of reduced cost (Jain 
and Ishii, 2003; Debnath et al., 2006; Damiano et al., 
2008; Lambardi et al., 2013). Clonal propagation cre­
ates the possibility of obtaining a large quantity of 
homogeneous plant material, which can be con­
served for short/mid­term periods through minimal 
growth methods, or long­term period, through cryop­
reservation (Kameswara, 2004; Day and Stacey, 2007; 
Benelli et al., 2012). For all these advantages, and 
also because of the current situation on the geo­
graphical distribution and importance of M. 
sylvestris, it is of strategic importance to develop an 
effective micropropagation protocol, to obtain signifi­
cant numbers of clonal plantlets which can be used 
for ex situ conservation strategies or other purposes. 
     In all micropropagation methods, the main goal is 
to optimize a successful protocol that ensures a rapid 
clonal propagation and results also as a time­saving 
technique (Lambardi et al., 2013). In most reports, 
the protocols implemented for Malus sp. microprop­
agation are based on conventional micropropagation 
systems in semisolid culture media which typically 
include explants inoculation/proliferation, subcul­
ture, and rooting steps. Several authors mentioned 
the effective stabilization of wild apple micropropa­
gation using conventional micropropagation system 
consisting in a monophasic/agarized medium (Modgil 
et al., 1999; Boudabous et al., 2010; Dobránszki et 
al., 2011; Kereša et al., 2012; Zhang et al., 2020). But 
Teixeira da Silva et al. (2019), in a review regarding 
tissue culture of Malus sp., mentioned that most 
reports aimed to find alternative gelling agents other 
than agar, in order to reduce costs. 
     Although agarized media are successfully used for 
plant micropropagation, nowadays it has become 
absolutely important to improve the productivity and 

uniformity of valuable vegetal materials with eco­
nomic values by reducing the cost of production, 
space, time or, optimizing other issues related to 
micropropagation coefficient, rooting index, etc. In 
addition to solid media, several techniques have 
been successfully practiced for the micropropagation 
of economically important plants such as 1) the use 
of liquid cultures for the micropropagation of two 
apple rootstocks (Mehta et al., 2014), pineapple (Dal 
Vesco et al., 2001) and Dioscorea sp. (Jova et al., 
2011); 2) the use of continuous immersion bioreac­
tors for apple rootstock (Chakrabarty et al., 2003), 
eucalyptus (Mendonça et al., 2016), chestnut (Vidal 
et al., 2017), hybrid chestnut (Cuenca et al., 2017); 3) 
the use of temporary immersion bioreactors for wild 
apple (Sota et al. ,  2021), apple rootstocks 
(Chakrabarty et al., 2003; Zhu et al., 2005), and oak 
(Gatti et al., 2017). 
     An alternative for improving in vitro micropropa­
gation protocols is the use of double­phase nutrient 
media (DPS). In this method, the explants are fixed in 
a solid medium, while the liquid medium is periodi­
cally added during the culture, therefore eliminating 
the need for subcultures. In this way, the propaga­
tion costs and the chances of contamination are 
reduced (Senapati, 2015). There are very few reports 
on the use of double­phase media for in vitro propa­
gation of plants (Scherwinski­Pereira et al., 2012; 
Lopez and Suarez, 2018). In most reports, the same 
culture medium was used in solid and liquid phases 
(except agar presence) to increase the plantlets’ 
mass production during the cultures. But it would 
also be useful and interesting to test various media 
for propagation and rooting in the same culture con­
tainer. In this case, the solid phase would have a hor­
monal content effective for rooting induction, while 
the liquid one would have a hormonal content to 
induce lateral shoots development. Furthermore, the 
addition of activated charcoal (AC) in the culture 
media enhances in vitro rooting induction/develop­
ment in some fruit­trees species (Wang and Huang, 
1976; Thomas, 2008), and also acts as an adsorbent 
of phenolic compounds to avoid oxidation phenome­
na (Boudabous et al., 2010; Shinde et al., 2010).  
     This study aimed to evaluate the efficiency of DPS 
(solid/liquid culture system) in comparison with the 
conventional CS (solid) propagation system for 
improving in vitro shoots regeneration of Malus 
sylvestris (L) Mill. In addition, the effect of various 
concentrations of AC in both systems on rooting abili­
ties was evaluated. 
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2. Materials and Methods 
 
Plant material and micropropagation systems 
     Axillary buds of wild apple [M. sylvestris (L.) Mill.] 
were excised from scions of the population of 
Maminas at Durrës County in western Albania and 
were used as initial explants. The explants were disin­
fected with 70% ethanol for 3 min, followed by the 
treatments with 0.2% of 50% carbendazim (Bavistine) 
for 7 min and 0.01% HgCl2 for 10 min., and multiple 
rinses with sterile distilled water were performed. 
     In this research, two micropropagation systems 
for in vitro regeneration of M. sylvestris plantlets 
were compared: 
‐     Conventional micropropagation system (CS), con­
sisting in the explants culture on solid medium 
(monophase system); 
‐     Double phase system (DPS), consisting in the 
explants culture on solid medium plus a liquid phase 
at the same time. 
     For DPS micropropagation systems, the liquid 
medium was added every week in the culture ves­
sels, specifically 1 ml in the test tubes (proliferation 
stage) and 3 ml in Erlenmeyer flasks (rooting stage). 
All procedures were performed under aseptic condi­
tions. 

Media composition and culture conditions 
     In vitro shoots proliferation.  MS medium 
(Murashige and Skoog, 1962) was used, supplement­
ed with 1 mg l­1 6­benzylaminopurine (BAP) and 0.1 
mg l­1 α­naphtalenacetic acid (NAA) for both liquid 
and solid phase. 
     Rhizogenesis induction. The liquid phase was the 
same as in the proliferation stage, while for both sys­
tems under study the solid medium was supplement­
ed with 1 mg l­1 NAA and different concentrations (0, 
250, 500, 1000 mg l­1) of activated charcoal (AC). 
     In all cases, in the medium was added sucrose at 
3%, while, for solid medium preparation, 7 g l­1 of 
agar (Sigma­Aldrich) was also supplemented. The pH 
was adjusted to 5.7 before medium autoclaving at 
120°C for 20 min. 
     The cultures were maintained in the growth 
chamber at 25±2°C in a 16 h/8 h light/dark regime 
with cool, white fluorescent light of intensity 43.4 
mmol m­2 s­1. 

Data elaboration 
     Leaves number, shoots number, shoots length, 
roots number and roots length, were evaluated after 
42 days of culture for each micropropagation stage. 

Experimental data were elaborated by Tukey­Kramer 
test, and the analysis of variance (ANOVA) with JMP 
7.0 statistical software. 
 
 
3. Results and Discussion 
 
In vitro regeneration wild apple shoots in the DPS and 
CS systems 
     After 42 days of in vitro culture, the growth 
dynamic of wild apple explants in the CS and DPS 
micropropagation systems was evaluated. During 
proliferation, for both systems, the PGRs ratio was 
such that induced lateral shoots regeneration. The 
comparative growth dynamic between the two prop­
agation systems for leaves number, shoots number 
and shoots length, is presented in the variability 
charts (Fig. 1), and it clearly shows that the micro­
propagation system highly affected growth parame­
ters (Fig. 2 a­e). The contact of the explants with the 
liquid medium (Fig. 2 c), facilitated and increased the 
amount of nutrients absorbed by the explants while 
in the solid medium (Fig. 2 a; b), the solid consistency 
itself slowed down the rate of absorption. 
     In our findings, the number of leaves for shoot in 
both systems, was high, specifically 18.75 during the 
culture in the CS system, and 19.25 in the DPS system 
(Fig. 1 a). 

Fig. 1 ­ Variability chart: leaves number (a); shoots number (b); 
shoots length (cm) (c), in the DPS and CS micropropaga­
tion systems.
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     DPS showed a higher efficiency for shoots number 
and shoot length, 2.85 and 3.39 cm, respectively, 
compared to CS, with 2.10 shoots number and 2.77 
cm shoots length (Fig. 1 b; c). Overall, the explants 
grown in the CS propagation system, showed a lower 
regeneration potential for the monitored biometric 
parameters, which can be related to the absorption 
of substances from the nutrient medium. The greater 
thickness of the shoots cultivated in the DPS system 
was evident during the proliferation phase (Fig. 2 d; 
e). 
     The efficiency of the DPS system due to the pres­
ence of the liquid phase that enhanced the contact 
area of the explant with the nutrient medium, lead­
ing to an increase in the rate of diffusion, absorption 
and, continuous replacement of nutrients consumed 
over the days of culture is reported by various 
authors stressing the efficiency of the double phase 
micropropagation system (Moraes et al., 2004; 
Pullman and Skryabina, 2007; Scherwinski­Pereira et 
al., 2012; Dorić et al., 2014; Senapati, 2015). In this 
regard, Rodriguez et al. (1991) found that the micro­
propagation rate of Pyrus communis L., especially in 
terms of axillary shoots formation, was higher when 
a liquid medium was added onto the jellified one. 
The superiority of DPS compared with CS system is 
also reported by Oliveira et al. (2013) on in vitro 
propagation of vanilla. In this species, axillary shoot 
multiplication was greatest in DPS, with an increase 
over 2.5­fold in comparison to the solid medium sys­
tem, after 90 days of cultivation. Similarly, Couselo et 

al. (2006) noted that the micropropagation rates of 
Albariño plants were significantly higher when cultur­
ing in a DPS system with the same concentration of 
BA (8.88 μM) in both phases, in comparison to a 
monophasic one. The same trend on the efficiency of 
DPS cultivation system was reported for the micro­
propagation of arrow cane (Lopez and Suarez, 2018) 
ananas (Scherwinski­Pereira et al., 2012), Pyrus sp. 
(Moraes et al., 2004), and Rauwolifa serpentine 
(Senapati, 2015). On the contrary, Barceló­Muñoz et 
al. (1999) during micropropagation of avocado, 
reported that continuous culturing under DPS condi­
tions induced succulence in shoot bases and hyperhy­
dric of the cultures. 
     Together with the effectiveness for the growth 
dynamic, DPS has another advantage due to the peri­
odic addition of the liquid medium. In this condition, 
the period from one subculture to the other can be 
longer than in a monophasic liquid or solid medium, 
where this period is up to 3­4 weeks, as reported also 
by Mahmad et al. (2014). 
     The CS system needs to change the medium in 
culture vessels after some time to avoid nutrient 
deficiencies. All this requires a series of laborious 
operations in terms of costs, both of hand labor and 
chemicals. Moreover, there is more working time in 
the cabinet laminar flow which creates possibilities 
for increasing the percentage of culture contamina­
tion. So, it can be said that in DPS propagation sys­
tem, the cost of plant production is reduced. This 
finding is also accurately reported by Lopez and 
Suarez (2018) who calculated the costs of production 
per plant and found that, for arrow cane, the cultiva­
tion in the DPS system reduced the micropropagation 
costs by 20%. A similar estimation in terms of 
production cost was also realized by Senapati (2015) 
who found that DPS system was much more effective 
due to the costs reduction specifically with 33.36% 
on the nutrients used, 39.28% on the energy used 
and 33.33% on the labor costs. Optimization of such 
technique that, in addition to being low cost, also 
provides rapid in vitro plantlets regeneration, is of 
great interest for commercial use. 
 
Biomass production during the rooting stage 
     After the proliferation stage, the shoots were 
transferred in DPS system and CS system for rooting. 
The first system had in the liquid phase the same 
type and concentration of PGRs of the proliferation 
stage, to promote the shoots development and at 
the same time, the solid phase was prepared to give 

Fig. 2 ­ In vitro regeneration of wild apple shoots in CS micropro­
pagation system (a, b) and in DPS micropropagation 
system (c, d, e).
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a rhizogenic induction. The medium of CS system was 
supplemented with rooting induction hormone (IAA). 
The biometric parameters were greatly affected, dur­
ing this stage, not only by the propagation system 
but also by the concentration of activated charcoal in 
the media (Table 1).  

Rhizogenesis induction 
     From a comparison between the two propagation 
systems for the same concentration of AC, in general, 
the best result was achieved in the DPS propagation 
system. Overall, rooting induction was highly affected 
by the concentration of AC in the culture media, and 
it was observed a positive correlation between the 
concentration of AC in the media and the rhizogene­
sis rate (Table 1; Fig. 3 a, b). 
     For roots length parameter, during the DPS 
culture, the best result (13.16 cm) was obtained at 
500 mg l­1 of AC concentration; while the higher roots 
number (9.80) was showed at 1000 mg l­1 of AC 
concentration. In the CS, for both parameters, the 
best results were achieved at 1000 mg l­1 of AC, 
respectively with 10.40 cm for roots length and 7.53 
for roots number. There were no significant 
differences for the roots number parameter in CS 
propagation system between culture media 
supplemented with 1000 or 500 mg l­1 of AC. 
     From an overall evaluation and comparison for 
the rooting response depending on both propagation 
system and AC concentration, the optimal condition 
for in vitro rooting of wild apple shoots was on DPS 
propagation system supplemented with 1000 mg l­1 
or 500 mg l­1 of AC. 
     On culture medium supplemented with 250 mg l­1 
of AC or AC­free medium, the rooting response did 

Fig. 3 ­ One­Way ANOVA analysis of roots number (a) and roots 
length (cm) (b) depending on the activated charcoal (AC) 
concentration and micropropagation system.

Table 1 ­ The effect of the micropropagation system and activated charcoal concentration on roots and shoots development during the 
rooting phase of M. sylvestris

Data represents mean ± standard error. Within each column, data followed by different letters are significantly different at P≤0.05 by 
Tukey­Kramer test.

Propagation system Activated charcoal 
(mg l­1)

Roots Shoots 

length (cm) number length (cm) number
DPS 0 2.46 ± 0.16 e 2.66 ± 0.21 e 3.40 ± 0.15 c 3.53 ± 0.38 e

250 5.23 ± 0.27 d 4.86 ± 0.31 d 4.61 ± 0.62 b 5.61 ± 0.36 b

500 13.16 ± 0.67 a 8.73 ± 0.51 b 5.58 ± 0.17 a 7.46 ± 0.48 a

1000 11.03 ± 0.30 b 9.80 ± 0.29 a 4.76 ± 0.17 b 5.40 ± 0.32 bc

CS 0 2.22 ± 0.11 e 2.46 ± 0.24 e 2.74 ± 0.11 d 2.40 ± 0.19 f

250 4.81 ± 0.22 d 4.33 ± 0.28 d 3.18 ± 0.14 c 3.93 ± 0.31 de

500 9.93 ± 0.33 c 7.33 ± 0.39 c 3.37 ± 0.12 c 4.60 ± 0.25 cd

1000 10.40 ± 0.39 bc 7.53 ± 0.29 c 3.02 ± 0.12 cd 4.26 ± 0.30 de

not show significant differences between DPS and CS. 
This indicated that AC, with concentrations ˃ than 250 
mg l­1, was the determining factor to improve rooting 
response. In this propagation stage, also DPS system 
resulted most advantaged in comparison to CS one. 

New shoots regeneration during the rooting stage 
     Since the liquid phase in the DPS had a hormonal 
ratio improving the development of lateral buds, at 
this stage also the response of plants in terms of 
mass formation of new shoots was evaluated. The 
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solid phase in both CS and DPS was optimized only 
for the induction of rhizogenesis. 
     As it can be seen from data presented (Table 1; 
Fig. 4 a, b and Fig. 5) the differences regarding shoots 
length and number between DPS and CS cultivation 
systems are highly significant. 
     The comparison between the DPS and CS propa­
gation systems showed the considerable DPS efficien­
cy for shoots length and shoots number. In particular, 
in AC­free media, the differences were highly signifi­
cant, 3.40 cm (shoots length) and 3.53 (shoots num­
ber) for DPS in comparison with 2.74 cm and 2.40 
shoots, respectively, in the CS. Obviously, DPS was 
more effective due to the supplementation of liquid 
phase with hormones responsible for shoots prolifer­
ation. Also, this proved further that the double phase 
system was effective for the growth of plantlets and 
at the same time for their rooting. During the rooting 
stage, the DPS allowed the simultaneous formation 
of roots and new shoots at a higher rate, thus leading 
to the possibility to reduce the micropropagation 
cost by combining in a single one the last stage of 
subculture and rooting. 
     The presence of AC supported also the develop­
ment of additional shoots, in both propagation sys­
tems, but in DPS this effect was more pronounced 
and significant in comparison to CS. Moreover, the 
AC influence increased until 500 mg l­1 concentration, 
and, indeed at this AC concentration, the DPS 

showed the higher rate of shoots number (7.46) and 
shoots length (5.58 cm). The same tendency was 
observed even in CS where the concentration of AC 
at 500 mg l­1 gave higher efficiency, with 3.37 cm of 
the shoots length and 4.60 for the shoots number.  
     The results indicated that AC concentration in the 
media was an important factor that highly affected 
micropropagation rate. Roots and new shoots forma­
tion responses were positively correlated and were 
dependent on the AC concentration in the nutrient 
media. In AC­free media, the roots formation was not 
at a high rate in comparison to the other AC concen­
trations.  
     Addition of activated charcoal in culture medium 
may affect in vitro plants growth, in terms of multipli­
cation ratio, shoot elongation, rooting and embryo­
genesis (Pan and Van Staden, 2001; Thomas, 2008; 
Abdulwahed, 2013). Most publications have focused 
on the effects of activated charcoal on tissue 
response during in vitro propagation, and it was 
shown that its use may either promote or inhibit 
growth under in vitro conditions, depending on dif­
ferent factors. Boudabous et al. (2010) reported that 
the use of MS­half medium supplemented with 200 
mg l­1 of AC and 3.0 mg l­1 of IBA, was highly effective 
on in vitro rhizogenesis of apple. On the other hand, 
Magyar­Tábori et al. (2002), in their study didn’t find 
any favourable effect of activated charcoal on rooting 
characteristics of apple, but the plants originated 
from media that contained activated charcoal grew 
more vigorously during rooting and acclimatization. 
     In cotton (Gossypium hirsutum), the addition of 
AC in the medium enhanced shoots and roots induc­

Fig. 4 ­ One­Way ANOVA analysis of shoots number (a) shoots 
length (cm) (b) depending on the activated charcoal (AC) 
concentration and micropropagation system.

Fig. 5 ­ Rhizogenesis induction and mass plantlets production 
during the rooting stage: culture in AC­free media (a); 
Wild apple cultures grown in various concentrations of 
AC (b); roots measurements (c); mass production of roo­
ted plantlets (d).
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tion as well as shoots length from split embryo axes 
as compared to MS basal medium (Hazra et al., 
2002). Also, Dev et al. (2015) mentioned that the use 
of 200 mg l­1 of AC, significantly improved in vitro 
multiplication of some grape genotypes, meanwhile 
Hassan et al. (2011) found that the presence of AC in 
the medium enhanced microtuberization and in vitro 
regeneration of potato plantlets. Moreover, it is 
widely accepted that some of the beneficial effects of 
activated charcoal can be attributed to the removal 
of inhibitory substances from the nutrient medium. 
This phenomenon is mostly considerable for M. 
sylvestris  in vitro  propagation, because shoot 
explants of this plant species even after establish­
ment and several subcultures shows browning at the 
shoot base (Sota et al., 2021). 
     Roots grow according to negative phototropism 
and, in many cases, light is considered as a stress fac­
tor for roots induction (Silva­Navas et al., 2015) and it 
is reported that the combination of darkness and 
exogenous auxins enhance rooting response 
(Monteuuis and Bon, 2000; López­Pérez and 
Martínez, 2015). In our research, the presence of AC 
in the nutrient medium created a state of darkness, 
thus enabling the formation of a well­developed 
roots system. This ensured a higher absorption of the 
nutrients, which can lead also to new shoots forma­
tion and development. Furthermore, the presence of 
a higher concentration of cytokinins vs. auxins in the 
liquid phase also was responsible for lateral shoots 
development. In this context, in our study, both the 
propagation system types and the presence of AC in 
the media, highly affected the micropropagation rate 
and the quality of regenerated plantlets. 
     Moreover, another advantage of DPS in compari­
son to CS system that can explain enhanced growth is 
the weekly addition of the liquid media into the ves­
sel during the culture period, since the plantlets did 
not suffer mineral deficiencies.  
 
 
4. Conclusions 
 
     Malus sylvestris, wild apple, is a very important 
plant species and is properly considered a threatened 
one; in such situation, the constant optimization of 
the micropropagation protocols is a necessity. The 
specific type of propagation system plays a key role 
in enhancing growth parameters. In the present 
study, our findings sufficiently indicated that the use 
of the DPS propagation system in comparison to CS 

one was highly effective during in vitro shoots’ regen­
eration and rooting stage. Moreover, the addition of 
activated charcoal for rooting induction obviously 
improved not only roots formation but also the 
growth of wild apple shoots. Among various concen­
trations of AC examined, the addition of 500 mg l­1 AC 
in culture medium was found to be the best concen­
tration for this process. The obtained results demon­
strated a direct correlation between the propagation 
system used and the concentration of AC in the cul­
ture media. The application of DPS propagation sys­
tem for in vitro propagation of wild apple, therefore 
represents more time­saving and a low­cost tech­
nique in comparison to the CS. These findings could 
provide a platform for progressively improving the 
clonal propagation of wild apple plantlets grown 
under in vitro conditions, leading so to the possibility 
for the effective use of these plantlets for its ex situ 
conservation or other scientific or practical purposes. 
 
 
References 
 
ABDULWAHED M.S., 2013 ­ Identification of the effect of 

different levels of activated charcoal and sucrose on 
multiplication shoots of date palm Phenix dactylifera L. 
cv. Sufedy in vitro. ­ J. Hortic. Forestry, 5(9): 139­145. 

BARCELÓ­MUÑOZ A., ENCINA C.L., SIMÓN­PÉREZ E., 
PLIEGO­ALFARO F., 1999 ­ Micropropagation of adult 
avocado. ­ Plant Cell Tiss. Organ Cult., 58: 11­17. 

BENELLI C., OZUDOGRU E.A., LAMBARDI M., DRADI G., 
2012 ­ In vitro conservation of ornamental plants by 
slow growth storage. ‐ Acta Horticulturae, 961: 89­93. 

BOUDABOUS M., MARS M., MARZOUGUI N., FERCHICHI A., 
2010 ­ Micropropagation of apple (Malus domestica L. 
cultivar Douce de Djerba) through in vitro culture of 
axillary buds. ­ Acta Bot. Gallica, 157: 513­524. 

CHAKRABARTY D., HAHN E.J., YOON Y.J., PAEK K.Y., 2003 ­ 
Micropropagation of apple rootstock M.9 EMLA using 
bioreactor. ­ J. Hort. Sci. Biotech., 78(5): 605­609. 

COUSELO J.L., VARELA P., REY M., 2006 ­ Effect of benzyla‐
denine concentration and double‐phase culture system 
on in vitro multiplication of adult Albari plants. ­ Amer. 
J. Enol. Vitic., 57: 109­112. 

CUENCA B., SÁNCHEZ C., ALDREY A., BOGO B., BLANCO B., 
CORREA B., VIDAL N., 2017 ­ Micropropagation of axil‐
lary shoots of hybrid chestnut (Castanea sativa x C. cre­
nata) in liquid medium in a continuous immersion sys‐
tem. ‐ Plant Cell Tiss. Organ Cult., 131: 307­320. 

DAL VESCO L.L., DE ALMEIDA PINTO A., ZAFFARI G.R., 
NODARI R.O., DOS REIS M.S., GUERRA M.P., 2001 ‐ 
Improving pineapple micropropagation protocol 
through explant size and medium composition manipu‐
lation. ­ Fruits, 56(3): 143­154. 



Adv. Hort. Sci., 2021 35(4): 361­369

368

DAMIANO C., ARIAS PADRO M.D., FRATTARELLI A., 2008 ­ 
Propagation and establishment in vitro of myrtle 
(Myrtus communis L.), pomegranate (Punica granatum 
L.) and mulberry (Morus alba L.). ­ Propag. Ornam. ­ 
Plants, 8(1): 3­8. 

DAY J.G., STACEY G.N., 2007 ­ Cryopreservation and freeze‐
drying protocols. ­ Second Edition. Humana Press, 
Totowa, New Jersey, USA, pp. 365. 

DEBNATH M., MALIK C.P., BISEN P.S., 2006 ­ 
Micropropagation: A tool for the production of high 
quality plant‐based medicines. ­ Curr. Pharmac. 
Biotechn., 7(1): 33­49. 

DEV R., SINGH S.K., SINGH A.K., VERMA M.K., 2015 ­ 
Comparative in vitro multiplication of some grape (Vitis 
vinifera) genotypes. ­ Ind. J. Agr. Sci., 85: 1477­1483. 

DOBRÁNSZKI J., MAGYAR­TÁBORI K., TOMBÁCZ E., 2011 ­ 
Comparison of the rheological and diffusion properties 
of some gelling agents and blends and their effects on 
shoot multiplication. ­ Plant Biotechnol. Rep., 5: 345­
352. 

DORIĆ D., OGNJANOV V., LJUBOJEVIĆ M., BARAĆ B., DULIĆ 
J., PRANJIĆ A., DUGALIĆ K., 2014 ­ Rapid propagation of 
sweet and sour cherry rootstocks. ­ Not. Bot. Horti. 
Agrobo., 42(2): 488­494. 

FAO, 2015 ­ Global forest resources assessment 2015. ­ 
Food and Agriculture Organization of the United 
Nations, Rome, Itay, pp. 245. 

GATTI E., SGARBI E., OZUDOGRU E.A., LAMBARDI M., 2017 
­ The effect of PlantformTM bioreactor on micropropaga‐
tion of Quercus robur in comparison to a conventional 
in vitro culture system on gelled medium, and assess‐
ment of the microenvironment influence on leaf struc‐
ture. ­ Plant Biosyst., 151: 1129­1136. 

GIXHARI B., RAMADANI M., 2016 ­ Agrobiodiversity in 
Fushë Arrëz. ­ Monograph published within the project 
founded by UN “Increasing the capacity of the 
community of Fushë­Arrëz for the preservation of 
autochthonous agricultural, nut and fruit seeds”. (In 
Albanian). 

GUPTA N., JAIN V., JOSEPH M., DEVI S., 2020 ­ A review on 
micropropagation culture method. ­ Asian J. Pharm., 8: 
86­93. 

HASSAN M.L., BEHROOZ E., ESMAIE C., 2011 ­ Hinokitiol 
and activated charcoal influence the microtuberization 
and growth of potato (Solanum tuberasum cv. Agria) 
plantlets in vitro. ­ Australian J. Crop Sci., 5(11): 1481­
1485. 

HAZRA S., KULKARNI A.V., BANERJEEE A.K., DHAGE A.B., 
AGRAWAL D.C., KRISHNAMURTHY K.V., NALAWADE 
S.M., 2002 ‐ A rapid and simple method for in vitro 
plant regeneration from split embryo axes of six culti‐
vars of cotton. ­ Biologia Plantarum, 45(2): 317:319. 

IUCN, 2019 ­ The IUCN red list of threatened species. ­ 
https://www.iucnredlist.org. 

JAIN S.M., ISHII K., 2003 ­ Micropropagation of woody 
trees and fruits.  ­  Springer, Dordrecht, The 

Netherlands, pp. 840. 
JOVA M.C., KOSKY R.G., CUELLAR E.E., 2011 ­ Effect of liq‐

uid media culture systems on yam plant growth 
(Dioscorea alata L. ‘Pacala Duclos’). ­ Biotechnol. 
Agron. Soc. Environ., 15(4): 515­521. 

KAMESWARA N.R., 2004 ­ Plant genetic resources: 
Advancing conservation and use through biotechnolo‐
gy. ­ African J. Biotechn., 3(2): 136­145. 

KEREŠA S., MIHOVILOVIĆ BOŠNJAK A., BARIĆ M., HABUŠ 
JERČIĆ I., ŠARČEVIĆ H., BIŠKO A., 2012 ­ Efficient 
axillary shoot proliferation and in vitro rooting of apple 
cv. ‘Topaz’. ­ Notulae Botanica Horti Agrobotanici, 
40(1): 113­118. 

LAMBARDI M., OZUDOGRU E.A., JAIN S.M., 2013 ­ 
Protocols for micropropagation of selected economical‐
ly‐important horticultural plants. Methods in Molecular 
Biology Series. ­ Springer Science, New York, USA, pp. 
490. 

LARSEN A.S., ASMUSSEN C.B., COART E., OLRIK D.C., KJAER 
E.D., 2006 ­ Hybridization and genetic variation in 
Danish populations of European crab apple (Malus syl­
vestris). ­ Tree Genetics & Genomes, 2(2): 86­97. 

LOPEZ C., SUAREZ I., 2018 ­ In vitro arrow cane (Gynerium 
sagitatum Aubl.)  multiplication in double phase 
médium. ­ Revista de Ciencias Agrícolas, 35(2): 5­13. 

LÓPEZ­PÉREZ A.J., MARTÍNEZ J.A., 2015 ­ In vitro root 
induction improvement by culture in darkness for 
different globe artichoke cultivars. ‐ In Vitro Cell. Dev. 
Biol. ­ Plant, 51: 160­165. 

MAGYAR­TÁBORI K., DOBRÁNSZKY J., JÁMBOR­BENCZÚR 
E., LAZÁNYI J., SZALAI J., FERENCZY A., 2002 ­ Effects of 
indole‐3‐butyric acid levels and activated charcoal on 
rooting of in vitro shoots of apple rootstocks. ­ Inter. J. 
Hortic. Sci., 8: 3­4. 

MAHMAD N., TAHA R.M., OTHMAN R., SALEH A., HASBUL­
LAH N.A., ELIAS H., 2014 ­ Effects of NAA and BAP, dou‐
ble‐layered media, and light distance on in vitro regen‐
eration of Nelumbo nucifera Gaertn. (Lotus), an aquatic 
edible plant. ­ The Scientific World Journal, pp. 1­8. 

MEHTA M., RAM R., BHATTACHARYA A., 2014 ­ A simple 
and cost effective liquid culture system for the micro‐
propagation of two commercially important apple root‐
stocks. ­ Indian J. Exper. Biology, 52: 748­754. 

MENDONÇA E.G., STEIN V.C., CARVALHO H.H., DE SANTOS 
B.R., BEIJO L.A., PAIVA L.V., 2016 ­ The use of continu‐
ous, temporary immersion bioreactor system and 
semisolid culture medium for the production of 
Eucalyptus camaldulensis clones. ­ Ciência Florestal, 26: 
1211­1224. 

MODGIL M., SHARMA D.R., BHARDWAJ S.V., 1999 ­ 
Micropropagation of apple cv. ‘Tydeman’s’ ‘Early 
Worcester’. ­ Scientia Hortic., 81: 179­188. 

MONTEUUIS O., BON M.C., 2000 ­ Influence of auxins and 
darkness on in vitro rooting of micropropagated shoots 
from mature and juvenile Acacia mangium. ­ Plant Cell, 
Tiss. Organ Cult., 63: 173­177. 

https://www.researchgate.net/profile/Katalin-Magyar-Tabori
https://www.researchgate.net/scientific-contributions/Dobranszky-J-2150890233
https://www.hindawi.com/journals/tswj/


Sota et al. ‐ Micropropagation of wild apple in a double‐phase system

369

MORAES L., FELISBINO C., CRESTANI L., SILVA A., 2004 ­ In 
vitro  establishment and multiplication of Pyrus 
calleryana D‐6 on double‐phase culture system. ‐ Rev. 
Brasileira de Fruticultura, 26(3): 403­405. 

MURASHIGE T., SKOOG F., 1962 ­ A revised medium for 
rapid growth and bioassays with tabacco cultures. ­ 
Physiologia Plantarum, 15: 473­497. 

OLIVEIRA S.O.D., SAYDB R.M., BALZONC T.A., SCHERWINS­
KI­PEREIRA J.E., 2013 ­ A new procedure for in vitro 
propagation of vanilla (Vanilla planifolia) using a dou‐
ble‐phase culture system. ­ Scientia Horticulturae, 161: 
204­209. 

PAN M., VAN STADEN J., 2001 ­ The effect of activated 
charcoal on the production and development of somat‐
ic embryos in cultures of carrot Daucus carota. ­ South 
African Journal of Botany, 67: 629­635. 

PULLMAN G.S., SKRYABINA A., 2007 ­ Liquid medium and 
liquid overlays improve embryogenic tissue initiation in 
conifers. ­ Plant Cell Rep., 26(7): 873­887. 

RODRIGUEZ R., DIAZ­SALA C., CUOZZO L., ANCORA G., 
1991 ­ Pear in vitro propagation using a double‐phase 
culture system. ­ HortScience, 26(1): 62­64. 

SCHERWINSKI­PEREIRA J.E., LIMA E.C.A., DA SILVA T.L., 
MESQUITA A.G.G., MACIEL S.A., COSTA F.H.S., 2012 ­ 
Double‐phase culture system for large scale production 
of pineapple. ­ Plant Cell, Tiss. Organ Cul., 109(2): 263­
269. 

SENAPATI S.K., 2015 ­ A double phase culture system: an 
economic and time saving protocol for in vitro propa‐
gation of plant. ­ SAJ Biotechnol., 2: 101. 

SHINDE K.A., PATEL R.M., SHAH R.R., 2010 ­ Proliferation, 
rooting and acclimatization of micropropagated grape 
cv. Thompson Seedless. ­ Int. J. Plant Sci., 5: 98­101. 

SILVA­NAVAS J., MORENO­RISUENO M.A., MANZANO C., 
PALLERO­BAENA M., NAVARRO­NEILA S., ET AL. 2015 ­ 
D‐Root: a system for cultivating plants with the roots in 
darkness or under different light conditions. ­ The Plant 
Journal, 84: 244­255. 

SOTA V., BENELLI C., ÇUKO B., PAPAKOSTA E., DEPAOLI C., 
LAMBARDI M., KONGJIKA E., 2021 ­ Evaluation of 
ElecTIS bioreactor for the micropropagation of Malus 
sylvestris (L.) Mill., an important autochthonous species 
of Albania. ­ Hort. Sci. (Prague), 48: 12­21. 

STEPHAN B.R., WAGNER I., KLEINSCHMIT J., 2003 ­ Wild 
apple and pear ‐ Malus sylvestris/Pyrus pyraster: 
Technical guidelines of genetic conservation and use 
(PDF) ­ European Forest Genetic Resources 
Programme. 

STOJILJKOVIĆ D., ARSIĆ I., TADIĆ V., 2016 ­ Extracts of wild 
apple fruit (Malus sylvestris (L.) Mill., Rosaceae) as a 
source of antioxidant substances for use in production 
of nutraceuticals and cosmeceuticals. ­ Industrial Crops 
and Products, 80: 165­176. 

TEIXEIRA DA SILVA J.A., GULYÁS A., MAGYAR­TÁBORI K., 
WANG M.R., WANG Q.C., DOBRÁNSZKI J., 2019 ­ In 
vitro tissue culture of apple and other Malus species: 
recent advances and applications. ­ Planta, 249: 975­
1006. 

THOMAS D., 2008 ­ The role of activated charcoal in plant 
tissue culture. ­ Biotechnology Advances, 26(6): 618­
631. 

VIDAL N., ALDREY A., BLANCO B., CORREA B., SÁNCHEZ C., 
CUENCA B., 2017 ­ Proliferation and rooting of chestnut 
under photoautotrophic conditions. ­ In: BONGA J.M., 
Y.S. PARK, and J.F. TRONTIN (eds.). Proceedings of the 
4th International Conference of the IUFRO Unit 2.09.02 
on “Development and application of vegetative propa‐
gation technologies in plantation forestry to cope with 
a changing climate and environment”. La Plata, 
Argentina, pp. 119­127. 

WAGNER I., MAURER W.D., LEMMEN P., SCHMITT H.P., 
WAGNER M., BINDER M., PATZAK P., 2014 ­ 
Hybridization and genetic diversity in wild apple (Malus 
sylvestris L. Mill) from various regions in Germany and 
from Luxembourg. ­ Silvae Genetica, 63(3): 81­94. 

WANG P., HUANG L., 1976 ­ Beneficial effects of activated 
charcoal on plant tissue and organ cultures. ­ In Vitro, 
12(3): 260­262. 

ZHANG Y., BOZOROV T.A., LI D.X., ZHOU P., WEN X.J., DING 
Y., ZHANG D.Y., 2020 ­ An efficient in vitro regeneration 
system from different wild apple (Malus sieversii) 
explants. ­ Plant Methods, 16(56): 1­10. 

ZHU L.H., LI X.Y., WELANDER M., 2005 ­ Optimisation of 
growing conditions for the apple rootstock M26 grown 
in RITA® containers using temporary immersion princi‐
ple. ­ Plant Cell Tiss. Organ Cult., 81: 313­318.

https://www.researchgate.net/journal/Revista-Brasileira-de-Fruticultura-0100-2945
https://www.researchgate.net/journal/Revista-Brasileira-de-Fruticultura-0100-2945
https://www.researchgate.net/journal/Revista-Brasileira-de-Fruticultura-0100-2945
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pullman%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=17235557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Skryabina%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17235557
http://www.ncbi.nlm.nih.gov/pubmed/17235557
http://link.springer.com/journal/11240
http://link.springer.com/journal/11240/109/2/page/1
http://www.euforgen.org/fileadmin/templates/euforgen.org/upload/Publications/Technical_guidelines/922_Technical_guidelines_for_genetic_conservation_and_use_for_wild_apple_and_pear__Malus_sylvestris_and_Pyrus_pyraster_.pdf
http://www.euforgen.org/fileadmin/templates/euforgen.org/upload/Publications/Technical_guidelines/922_Technical_guidelines_for_genetic_conservation_and_use_for_wild_apple_and_pear__Malus_sylvestris_and_Pyrus_pyraster_.pdf
http://www.euforgen.org/fileadmin/templates/euforgen.org/upload/Publications/Technical_guidelines/922_Technical_guidelines_for_genetic_conservation_and_use_for_wild_apple_and_pear__Malus_sylvestris_and_Pyrus_pyraster_.pdf
http://www.euforgen.org/fileadmin/templates/euforgen.org/upload/Publications/Technical_guidelines/922_Technical_guidelines_for_genetic_conservation_and_use_for_wild_apple_and_pear__Malus_sylvestris_and_Pyrus_pyraster_.pdf
http://www.euforgen.org/fileadmin/templates/euforgen.org/upload/Publications/Technical_guidelines/922_Technical_guidelines_for_genetic_conservation_and_use_for_wild_apple_and_pear__Malus_sylvestris_and_Pyrus_pyraster_.pdf
https://en.wikipedia.org/wiki/European_Forest_Genetic_Resources_Programme
https://en.wikipedia.org/wiki/European_Forest_Genetic_Resources_Programme
https://en.wikipedia.org/wiki/European_Forest_Genetic_Resources_Programme
https://www.infona.pl/contributor/0@bwmeta1.element.elsevier-114b857b-6d32-3b39-9507-87a6a5c67e12/tab/publications
https://www.infona.pl/contributor/1@bwmeta1.element.elsevier-114b857b-6d32-3b39-9507-87a6a5c67e12/tab/publications
https://www.infona.pl/contributor/2@bwmeta1.element.elsevier-114b857b-6d32-3b39-9507-87a6a5c67e12/tab/publications
https://www.researchgate.net/journal/Biotechnology-Advances-0734-9750


   


