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Abstract. The aim of this study was to develop an efficient protocol for in vitro propagation
of the rare and endangered 3Malosorbus florentina, not only enabling conservation of the
species, but also its use as an ornamental. Explants excised from adult plants, shoot tip
explants, and explants collected in March and April showed more browning and had
higher content of total phenolics than explants excised from juvenile tissue, nodal explants,
and those collected during any of the other months of the year. Shoot tip explants from
adult plants were more difficult to establish in vitro (14%) compared with explants from
micropropagated plantlets or sprouts of burned plants (29% to 36%). Nodal explants
excised from seedlings were established at the highest percentage (83%), giving the most
shoots per explant (5.2). Generally, in vitro cultures established from adult plants, with the
exception of one culture, showed lower multiplication rates compared with cultures from
juvenile plants. Nodal explants from the base of sprouts produced a higher percentage
(60%) of shoots than explants from upper locations (20% to 31%), but any differences in
proliferation rates of established cultures ceased after the third subculture. Microshoots
from juvenile cultures were more capable of rooting (51% to 58%) than were those from
adult plants (16% to 32%), whereas 83% of the plantlets were acclimatized ex vitro
independently of their origin, but plantlets of juvenile origin, although developing the same
height as those originating from adult plants, had shorter internodes and thus more
compact shape.

3Malosorbus florentina (Rosaceae) is
a rare and endangered native species of
Greece, which is considered a natural in-
tergeneric hybrid of Malus sylvestris and
Sorbus torminalis and occurs in a few local-
ities, mostly as single trees or small groups
of trees in forests with Abies and Pinus
(Christensen, 1995). It is also found further
north in the Balkan Peninsula, Italy, and
northern Turkey (Browicz, 1983), whereas
in Serbia, it is on the list of endangered to
vulnerable plants (Tomović et al., 2003).
Its largest populations in Greece, found in
Mt. Parnitha National Park, were burned by
a devastating fire in 2007 and their natural

regeneration was inhibited by persistent
grazing, probably by red deer.

The attractive foliage (leaves broadly
ovate, toothed, deeply lobed; upper surface
dark green and glabrous, lower surface gray-
ish green and hairy; turning orange–scarlet in
fall), flowers (white petals, inflorescence a five-
to nine-flowered, hairy corymb or umbel;
in late spring) and fruits (red or yellowish
red, 8 to 14 mm in diameter; from early fall)
give M. florentina particular horticultural
value (Christensen, 1995) and make it suit-
able for use as an ornamental landscape plant
or for reforestation.

In vitro techniques are appropriate for the
conservation of threatened plants, because
they provide rapid shoot multiplication from
small quantities of initial material (Kartsonas
and Papafotiou, 2007). The preferred mate-
rial for use in initiation of in vitro cultures, to
maximize the genetic diversity of produced
plants, is normally seed, but where seeds are
not available, cultures should start from ex-
plants with meristematic activity, e.g., dormant
or actively growing apical or lateral buds,

as a result of their genetic stability (Fay, 1994;
Sarasan et al., 2006).

There is a report on establishment of in
vitro cultures of 3M. florentina from seeds
but the microshoots produced failed to form
roots (Savić et al., 2006). However, at least
in the population of 3M. florentina on
Mt. Parnitha, it is difficult to find seeds
because either plants do not produce fruits
or fruits produced do not contain seeds
(personal observations between 2004 and
2011). Apart from seeds, in vitro cultures
of 3M. florentina have also been initiated
from apical buds of adult plants, albeit with
a very low percentage of culture establish-
ment (7%) as a result of contamination
problems and explant browning that lead to
death of explants (Papafotiou and Martini,
2009a, 2009b). The multiplication of micro-
shoots was successful (Papafotiou and Martini,
2009a, 2009b), but their rooting ability was
low (Martini and Papafotiou, 2009). Thus, to
develop an efficient micropropagation protocol
for 3M. florentina, the problem of contami-
nation, explant browning, and low microshoot
rooting ability should be addressed.

Browning and necrosis is a common
problem in cultures of woody species and
have been generally attributed to the oxi-
dation of phenolic compounds in explant
tissues (Dobránszki and Teixeira da Silva,
2010; Hu and Wang, 1983). Explants from
axillary shoot tips of Vitis vinifera had
a higher survival rate than those from ter-
minal positions, and a strong negative
correlation was found between survival in
vitro and the pre-existing phenolic content
of the explants (Yu and Meredith, 1986).
Shoot tip explants of ‘Koroneiki’ olive
trees exhibited higher browning rates
together with higher total phenol and poly-
phenoloxidase activity compared with
single-node explants, whereas explants derived
from glasshouse-growing trees presented
higher survival rates and lower total phenol
and polyphenoloxidase activity than corres-
ponding explants from field-growing trees
(Roussos and Pontikis, 2001a, 2001b). The
season of collection has been reported to
affect browning of explants (Dobránszki
et al., 2000; Modgil et al., 1999; Wang et al.,
1994) as well as their survival through effects
on the concentration of phenolics (Thomas
and Ravindra, 1997). In addition, the season of
explant collection has been found to affect
the survival of explants through effects
on microbial contamination (Thomas and
Ravindra, 1997).

The present study investigated the effect
of explant origin (juvenile, adult), explant
location on shoots (apical, axillary), and
season of explant collection on contamination
and explant browning as well as on all stages
of in vitro propagation of 3M. florentina,
including microshoot rooting and acclimati-
zation. The phenolic content of explants was
also determined to correlate it with browning,
which has been found to affect explant sur-
vival during in vitro culture establishment
(Papafotiou and Martini, 2009a, 2009b).
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Materials and Methods

Explant origin. In vitro cultures of
3M. florentina Zucc. were established from
shoot explants, 0.8 to 1.0 cm long, with one
(usually) or two buds collected from adult
plants, sprouts of burned plants, micropro-
pagated plantlets, and seedlings. Shoot tips
from long shoots and spurs of various adult
plants growing wild on Mt. Parnitha were
collected in Mar. 2004, 2009, and 2010 and
every month from Feb. 2006 to Mar. 2007,
whereas both shoot tips and nodal segments
were collected monthly from May 2009 to
Aug. 2009 from one adult plant, which had
survived the 2007 fire. From sprouts of
plants that were burned in the 2007 fire at
Mt. Parnitha, shoot tips and nodal segments
were collected in May, June, and July 2009
as well as in Mar. 2010. The explants
collected in June and July 2009 were distin-
guished regarding their location on stems
into apical (shoot tip explants), top, middle,
and basal, and these records were kept until
the fourth subculture. Also, nodal explants
were excised in July 2010 from the middle
part of the stem of five- or eight-month-old
plantlets grown in the field of the Agricul-
tural University of Athens, which were pro-
duced from in vitro cultures established
from sprouts of burned plants. From these
plantlets, apical and nodal explants were
excised once more, in July 2010, from 20-
d-old shoots that sprouted after the pruning
for the first explant collection. Finally,
explants, 0.5 cm long, were excised from
7-week-old seedlings (two explants from
each seedling) grown in vitro from seeds
collected in Fall 2009 (very few seeds
were found) from one unburned plant on
Mt. Parnitha. The seeds were sown on solid
half-strength Murashige and Skoog (MS)
medium with 2% (w/v) sucrose, placed for
cold stratification at 4 �C for three months,
and then incubated at 25 �C for germination
and seedling growth.

Sterilization method. Shoot explants, col-
lected from adult plants, sprouts, and micro-
propagated plantlets, were washed under
running tap water for 10 min, dipped in 90%
ethanol for 10 s, washed again, dipped in water
solution of ascorbic acid (AA) and citric acid
(CA) (150 mg·L–1 each) for 30 min, and
surface-sterilized by 30% (v/v) commercial
bleach (4.6% w/v sodium hypochlorite) solu-
tion with a few drops of Tween 20 for 10 min.
Explants collected from September to March
were surface-sterilized using a lower concen-
tration of commercial bleach solution, 15%
or 20% (v/v), because they were devoid of
external bud scales and bark to reduce possible
infections. Four 3-min rinses with sterile dis-
tilled water containing AA and CA (150 mg·L–1

each) followed as well as one more rinse just
before planting the explants to remove dif-
fused phenolic compounds.

Seeds were separated from fruit flesh,
washed thoroughly under running tap water,
surface-sterilized by 10% (v/v) commercial
bleach solution for 10 min, followed by four
3-min rinses with sterile distilled water.

Initial culture. Explants were cultured
individually in test tubes (25 3 100 mm)
containing MS medium (Murashige and
Skoog, 1962) with 3% (w/v) sucrose supple-
mented with 1.0 mg·L–1 benzyladenine and
0.1 mg·L–1 indole-3-butyric acid (IBA) (basal
medium) followed by transfer to fresh basal
medium after 2 d culture to reduce their
exposure to diffused phenolics. Explants
from micropropagated plantlets and those
from seedlings were not transferred to fresh
medium because they exhibited low diffusion
of phenolics.

All media were solidified with 0.8% (w/v)
agar and their pH was adjusted to 5.7 before
autoclaving at 121 �C for 20 min. Cultures
were incubated in a growth chamber at 25 �C
and 16-h photoperiod at 37.5 mmol·m–2·s–1

provided by cool-white fluorescent lamps.
Subcultures. Nodal explants, 0.5 cm long,

excised from microshoots produced from in
vitro established cultures were subcultured
several times in the basal medium. Explants
excised from seedlings were also cultured
in the basal medium supplemented with
0.5 mg·L–1 gibberellic acid (GA3) to increase
the height of microshoots produced. The
subcultures took place in 75-mL glass vessels
covered with plastic wrap (SANITAS, Sarantis
S.A., Greece). Each subculture lasted 6 weeks.

Rooting and acclimatization. For root in-
duction, microshoots, 1.0 to 2.0 cm long,
were put in 145-mL glass vessels covered
with magenta caps on half-strength MS
medium with 2% (w/v) sucrose supple-
mented with 0.5 mg·L–1 IBA and 8.0 mg·L–1

indole acetic acid for 1 week followed by 3
weeks’ culture on half-strength MS with 2%
(w/v) sucrose, without plant growth regula-
tors, for root elongation. This rooting tech-
nique has been found to improve rooting
percentage in a previous study (Martini and
Papafotiou, 2009).

For acclimatization, plantlets from adult
plants or sprouts of burned plants with well-
developed roots were transferred ex vitro to
500-mL plastic containers on a mixture of
peat–perlite (1:1 v/v, eight plantlets per
container). The containers were covered with
plastic wrap (SANITAS) to reduce water loss
for the first 7 d and placed in a growth
chamber for 1 week at 20 �C under a 16-h
photoperiod at 37.5 mmol·m–1·s–1 provided by
cool-white fluorescent lamps before being
transferred to a heated glasshouse. Plantlets
were watered twice a week and fertilized
biweekly with 1 g·L–1 of a complete water-
soluble fertilizer (Nutrileaf 60, 20N–20P–
20K; Miller Chemical and Fertilizer Corp.,
Hanover, PA). Acclimatization measure-
ments were taken after 22 weeks.

Measurement of explant browning and
extraction and determination of phenolic
compounds. Observations on the browning
of explants were made on the second day of in
vitro establishment before their transfer to
fresh medium. Explants exhibiting intense
brown discoloration and releasing phenolics
into the medium were recorded as browning.
To determine explant total phenolic content
in and correlate it with browning, more than

20 explants from each stem location (apical,
top, middle, base) and origin (adult plants,
sprouts, micropropagated plantlets) were col-
lected during April to May, June to July, and
November, indicative of the periods when
explants exhibited intense, low, and mini-
mum browning, respectively. Explants were
lyophilized and grounded into a fine powder
by a centrifugal mill. Phenolic compounds
were extracted from 50 mg of this powder
with 5 mL methanol high-performance liquid
chromatography 100% in an ultrasonic ice
bath for 10 min followed by centrifugation at
4000 3 g for 6 min. The supernatant was
kept and this procedure was repeated three
more times for each sample to extract the
majority of phenolics so that the final volume
of extraction was 20 mL.

Colorimetric determination of total phe-
nols was based on the procedure of Folin-
Ciocalteau as described by Waterman and
Mole (1994) and results were expressed as
mg (gallic acid equivalents)·g–1 dry weight.
Briefly, 50 mL of the supernatant was added
to 3.75 mL water and agitated thoroughly.
Thereafter, 250 mL of Folin reagent and
750 mL of saturated Na2CO3 were added
and thoroughly mixed. The mixture was left
to stand at room temperature for 2 h and
the absorbance with a spectrophotometer at
760 nm was measured against a reagent
blank.

Statistical analysis. The complete ran-
domized design was used. The significance
of the results was tested by one-way analysis
of variance and the means of the treatments
were compared by the Tukey-Kramer hon-
estly significant difference at P = 0.05 (JMP
software, SAS Institute, Cary, NC). The
number of replicates per treatment is reported
in each data table or figure. In the phase of
culture initiation, the number of replicates
per treatment varied depending on the avail-
ability of stock plant tissue and contamina-
tion. Subcultures and rooting experiments
were repeated many times and the results
were pooled for the statistical analysis, lead-
ing to a different number of replicates per
treatment.

Results and Discussion

Our previous work indicated the appro-
priate growth medium for establishment of
in vitro culture and shoot proliferation
of 3M. florentina (Papafotiou and Martini,
2009a, 2009b), which was used in the
present study, highlighting simultaneously
the problem of contamination and explant
browning that prevents the successful estab-
lishment of explants at the initiation phase of
in vitro culture. Although the establishment
of in vitro cultures was feasible from ex-
plants of all origins in the present work, its
success depended on the efficacy of explants
sterilization and the inhibition of phenol-
induced browning of explants.

At establishment of in vitro cultures from
adult plants, contamination was better con-
trolled from April to August (contamination
percentage 17% to 54%), whereas during
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winter months, surface sterilization was
highly ineffective (contamination percentage
63% to 99%), although external scales of the
bud were removed along with bark to reduce
the disease load of the explant. Similarly, the
contamination percentage of explants from
sprouts was lower from May to July (11% to
27%) than in March (74%). Explants excised
in June from the middle of the stem of five- or
eight-month-old micropropagated plantlets
were infected at a higher percentage (72%)
than apical explants and explants excised
from the top of 20-d-old shoots sprouted on
these plantlets after pruning (9%). So, con-
tamination was better controlled collecting
explants from the new vegetation from April
to August. The season of explant collection
has been reported to affect the survival of
mango explants by affecting microbial con-
tamination (Thomas and Ravindra, 1997).
The high contamination of explants collected
during winter months could be attributed to
the fact that many pathogens overwinter
inside the buds, whereas they infect other
organs during spring and summer (Holb
et al., 2004). Moreover, bud surface sterili-
zation was most probably hindered by the
dense hairs of 3M. florentina buds. Seeds
placed on nutrient medium to germinate were
infected at 43%.

Successful introduction to culture of
a large number of threatened plants has been
hampered by exudation of toxic materials
from cut surfaces of the explant (Sarasan
et al., 2006). Several methods have been
developed for preventing or controlling ex-
plant browning such as treatments of the
mother plant (darkening or heat treatment),
direct treatments of explants during culture
initiation (pretreatment with antioxidants,
cold or dark treatment), supplementing the
initial medium with different additives to
prevent production of phenolics or remove
inhibitory phenolic substances (Dobránszki
and Teixeira da Silva, 2010), use of smaller
explants, which produce less phenolics
(Kaushal et al., 2005), or frequent subculture
to fresh medium (Hu and Wang, 1983).

In this study, the release of phenolics into
the medium and the browning of explants
were more intense in March and April,
whereas they steadily declined after June,
so that in winter, they were not observed at
all. Pretreatment of explants with antioxi-
dants, with an extra rinse just before planting
and transfer to fresh medium, partially con-
trolled explant and medium browning, but
this problem continued. Explants from adult
plants released phenolics into the medium at
a higher percentage (61%) than did juvenile
explants from sprouts or micropropagated
plantlets (30%), whereas the percentage phe-
nolic diffusion of apical explants was gener-
ally higher (60%) than that of explants from
lower positions (32%). The content of apical
explants in total phenolics was also found to
be higher than that of explants from lower
locations (Fig. 1A), whereas explants from
micropropagated plantlets, grown in the field,
contained less total phenolics compared with
explants from adult plants or sprouts grown

wild (Fig. 1B). The season of explant collec-
tion also affected their total phenolic content
because explants collected in April and
May contained more phenolics than those
collected in June and July, and explants
collected in November contained the least
phenolics (Fig. 1C), confirming observations
mentioned previously on seasonal variations
of browning of explants from adult plants.
Season of explant collection has been
reported to affect the browning of apple shoot
tip explants (Dobránszki et al., 2000; Modgil
et al., 1999; Wang et al., 1994) as well as the
survival of mango explants because of lower
phenolic content (Thomas and Ravindra,
1997). Similar to the present work, shoot tip
explants of ‘Koroneiki’ olive trees exhibited
higher browning rates and total phenol and
polyphenoloxidase activity compared with
nodal explants, whereas explants derived
from glasshouse-growing trees had higher
survival rates and lower browning rates and
total phenol concentrations than the corre-
sponding explants from field-growing trees
(Roussos and Pontikis, 2001a, 2001b). Al-
though explants from adult 3M. florentina
plants presented more intense browning than
explants from sprouts, they did not differ
significantly in their content of total phenols.
Possibly, explants from adult and juvenile
origin differed in the composition of phenolic
compounds or the polyphenoloxidase activity
and therefore suffered different degrees of
oxidation. Browning rates of ‘Koroneiki’
olive trees explants are not influenced signif-
icantly by season, whereas the activity of
oxidative enzymes is (Roussos and Pontikis,
2001a, 2001b).

Explant establishment was generally low
when explants came from adult or juvenile
plants (Table 1). Despite the difficulty in
finding seeds, nodal explants from seedlings
were established at a high percentage (Table
1), in agreement with earlier work on the
species (Savić et al., 2006), as well as on the
congener S. domestica (Arrillaga et al.,
1991). In vitro cultures from adult plants
were established mainly in March and Au-
gust with difficulty. Explants from sprouts
collected in May formed only callus. A
similar response was also found previously
for explants excised from adult plants
(Papafotiou and Martini, 2009b). The bud
sprouting percentage was higher in March
(64%) than in June and July (33%). There are
no data for August cultures of explants from
sprouts because it was difficult to find sprouts
in August because plants were completely
browsed. In June and July, explants from the
base of sprouts gave shoots at a higher
percentage (60%) than those from upper
locations (20% to 31%), whereas apical
explants and explants excised from the top
of sprouts gave longer shoots than those from
the middle and base (Fig. 2B). Similarly to
sprouts, the bud sprouting percentage of
middle and top explants from micropropa-
gated plantlets (56% and 35%, respectively)
was higher compared with that of apical
explants (15%). Explants from seedlings gave
more shoots per explant in the initial culture

than did explants from adult plants or sprouts,
whereas explants from micropropagated plant-
lets gave the longest shoots (Table 1).

Cultures established from adult plants,
except for the culture of Mar. 2004, exhibited
lower multiplication rates in subsequent sub-
cultures than cultures from sprouts, micro-
propagated plantlets, or seedlings treated
with 0.5 mg·L–1 GA3 (Table 1). The addition
of GA3 to the basal culture medium in sub-
cultures established from seedlings was nec-
essary to obtain elongated shoots suitable for
rooting, whereas the shoot number was in-
creased simultaneously. In apple, the balance
between GA3 and IBA was found to be
important for shoot elongation (Yepes and
Aldwinckle, 1994).

The explant location on sprouts affected
the multiplication rates until the second sub-
culture, whereas later the explant response
to endogenous plant growth regulators was
diminished (Fig. 2A–B). According to Marks
and Myers (1992), culture initiation is arguably

Fig. 1. Content of 3M. florentina explants in total
phenolics (mg gallic acid equivalent/g dry
weight) according to explant location (A),
origin (B), and time of collection (C). Explants
from adult plants and sprouts were collected in
April, May, June, and November and explants
from micropropagated plantlets in June, July,
and November. Mean separation by Tukey-
Kramer honestly significant difference at P =
0.05, n = 20 to 60.
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the most critical stage of micropropagation
because the potential for multiple shoot gen-
eration lies within single buds. They also found
that an explant’s location along a growing
shoot as well as the location of that shoot on
the stock plant determined their developmental
potential in vitro. Hence, predetermined
growth from apical and axillary buds could
still be expressed in culture despite their
separation at culture initiation and the applica-
tion of plant growth regulators that broke their
interaction.

Although the culture of Mar. 2004 was
initiated from an adult plant, it gave the
highest number of shoots per explant in the
subcultures, but these shoots were shorter
compared with those of juvenile cultures

(Table 1). Explants of the Mar. 2004 culture
formed two to three long and many short
shoots, the latter resulting in the reduction of
the mean shoot length. This culture was main-
tained successfully for almost 50 subsequent
subcultures. The high multiplication rate of
this culture compared with other cultures
initiated from adult plants could be explained
by the different degree of maturity of different
parts of mature trees. Using explants from
juvenile tissues, which are often at the basal
parts of mature trees, in vitro propagation can
be achieved. Explants taken from juvenile
parts (epicormic shoots, lower branches, graft-
ing) of mature trees of S. aucuparia exhibit
higher multiplication rates and better rooting
response than explants from mature parts

(branches in top parts of crown) of trees
(Chalupa, 1992, 2002), and explants from
epicormic shoots of Quercus rubra formed
on the basal zone of the trunk have a greater
capacity for in vitro establishment than do
explants from crown branches (Vieitez et al.,
1993). Alternatively, micropropagation of
adult plants could be facilitated using rejuve-
nation methods, which are supposed to return
tissue explants from the mature to juvenile
phase and include application of cytokinin
either during or immediately after explants
are placed in culture, serial grafting, prop-
agation of stump sprouts, or severe pruning
(Greenwood, 1987). Burning of adult plants
of 3M. florentina on Mt. Parnitha led to
their rejuvenation through the production
of many sprouts from the trunk’s base and
roots.

Microcuttings from adult cultures had low
rooting ability as was also found in our
previous work (Martini and Papafotiou,
2009), whereas those from juvenile cultures
rooted at higher percentages, although the
rooting percentage did not exceed 58% (Table
1). Microcuttings from the culture of Mar.
2004 rooted at a higher percentage than those
from other adult cultures. The ability of certain
culture lines to root better than others could be
attributed to the fact that they were derived
from culture sources with higher growth rates
(Marks and Myers, 1992). More roots were
formed by microshoots from juvenile cul-
tures, whereas their length was greater in
microshoots from adult cultures (Table 1).
Rooting failure of microshoots produced
from cultures established from seedlings pre-
viously reported (Savić et al., 2006) was
probably the result of lack of plant growth
regulators in the rooting medium. Further
improvement of rooting may be needed. The
differences in rooting capacity between
microcuttings derived from adult and juve-
nile stock plants may be related to diffe-
rences in the hormone levels at the base of
cuttings during the first days of the root
inductive period. In Sequoia sempervirens,
the difficult-to-root mature clone differs from

Table 1. Comparative response of adult and juvenile explants in initial culture and subcultures in MS with 1.0 BA/0.1 IBA (mg·L–1) of excised microshoots after 1-
week culture in half-strength MS with 0.5 IBA/8.0 IAA (mg·L–1) and transfer in half-strength MS without plant growth regulators for 3 more weeks as well as
in acclimatization of rooted plantlets in peat–perlite 1:1 (v/v) after 22 weeks of ex vitro culture.

Explant origin

Initial culture Subcultures Rooting Acclimatization

Established
(%)

Shoot
number

Shoot
length
(cm)

Shoot
number

Shoot
length
(cm)

Rooting
(%)

Root
number

Root
length
(cm)

Acclimated
(%)

Plantlet
ht (cm)

Number of
nodes

Adult plant—Mar.
2004 (high
multiplication rate)

33.3 1.5 abc 0.4 ab 6.3 a 0.6 b 31.7 2.1 b 3.6 a 83.3 29.1 a 25.9 b
(n = 6) (n = 433) (n = 205) (n = 12)

Adult plants (low
multiplication rates)

14.2 1.3 c 0.5 b 1.8 e 0.6 b 15.8 1.4 b 4.4 a — — —
(n = 176) (n = 227) (n = 114)

Sprouts of burned
plants

36.1 2.0 bc 0.6 b 4.1 b 1.0 a 51.3 3.2 a 2.5 b 83.3 28.8 a 34.6 a
(n = 241) (n = 1503) (n = 489) (n = 24)

Micropropagated
plantlets

28.9 3.1 ab 1.2 a 2.6 cd 1.0 a 51.2 2.7 ab 1.8 b — — —
(n = 38) (n = 56) (n = 43)

Seedlings 83.3 5.2 a 0.7 ab 2.3 de 0.5 b — — — — — —
(n = 6) (n = 60)

Seedlings + 0.5 GA3 — — — 3.6 bc 0.8 a 57.7 3.3 ab 1.3 b — — —
(n = 60) (n = 26)

Mean separation in columns by Tukey-Kramer honestly significant difference at P = 0.05.
MS = Murashige and Skoog; BA = benzyladenine; IBA = indole-3-butyric acid; IAA = indole acetic acid; GA = gibberellic acid.

Fig. 2. Mean number (A) and mean length (B) of shoots produced during initial culture of explants
collected from sprouts of burned plants in June and July 2009 from marked locations and subcultures in
Murashige and Skoog medium with 1.0 mg·L–1 benzyladenine (BA) and 0.1 mg·L–1 indole-3-butyric
acid (IBA) (after the fourth subculture, explants from various locations were mixed). Mean separation
in each culture by Tukey-Kramer honestly significant difference at P = 0.05, n =four to 28 in initial
culture, n = 18 to 84 in subcultures.
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the young clone in its auxin metabolism
(Blažková et al., 1997), whereas differences
between apple rootstocks M.26 and M.9 root-
ing responses may be related to differences in
free IAA levels in the shoot base (Alvarez
et al., 1989). Moreover, different levels of
endogenous IAA and ABA were found to
correspond to different rooting ability. Low
IAA and high ABA were detected in hard-
wood cuttings of grapevine rootstocks having
a low rooting rate, whereas high IAA and low
ABA levels were detected in cuttings having
a high rooting rate (Kelen and Ozkan, 2003).
In microcuttings of ‘Jonathan’ apple, the IAA/
ABA ratio increased from 0.2 in difficult-to-
root shoots from initial culture up to 0.7 in
easy-to-root shoots from long-term subculture
(Noiton et al., 1992).

Summarizing, most cultures derived from
buds of adult plants of 3M. florentina
were established with more difficulty, had
lower multiplication rates in subcultures, and
microshoots rooted at lower percentages
compared with cultures from juvenile or
rejuvenated tissue (seedlings, sprouts, micro-
propagated plantlets). The better response of
young plants compared with adult in micro-
propagation is confirmed by many reports
concerning other species such as Sorbus
aucuparia and S. torminalis (Chalupa,
1992), S. domestica (Arrillaga et al., 1991),
Malus sp. (Ur-Rahman et al., 2007), Quercus
euboica (Kartsonas and Papafotiou, 2007),
Acacia mangium (Monteuuis, 2004), Cupres-
sus sempervirens (Capuana and Giannini,
1997), Taxus mairei (Chang et al., 2001), etc.

Plantlets from adult and juvenile
3M. florentina did not differ in acclimatiza-
tion percentage and were easily established
ex vitro at a high survival rate (Table 1), as has
also been found for S. domestica (Arrillaga
et al., 1991). Although plantlets from both
origins did not differ in plant height after 22
weeks of ex vitro culture, those from sprouts
formed more nodes than those from adult
plants (Table 1), resulting in more compact
plant shape, in agreement with results for
Malus sp., in which glasshouse juvenile
clones of apomictic Malus sp. have shorter
internodes, a greater number of leaves, and
more dry weight compared with their mature
counterparts (Ur-Rahman et al., 2007).

Concluding, explant origin, location, and
season of collection significantly affected the
browning of explants, which constituted a se-
rious problem during the establishment of in
vitro cultures of 3M. florentina. Explant
origin from adult or juvenile plant tissue
was also crucial for the shoot proliferation
rate of established cultures, the rooting abil-
ity of excised microshoots. and the morphol-
ogy of the plantlets after acclimatization. The
season of explant collection, apart from
affecting contamination and browning, also
had a direct effect on shoot production.
Therefore. for an efficient micropropagation
protocol for 3M. florentina, it is best to use
nodal explants excised during summer
months from juvenile or rejuvenated stock
plants, which have the potential to establish

at higher rates in vitro, proliferate and root
more efficiently, and give compact plants.
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