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Abstract
Objective: To evaluate the effect of concentrations of different growth regulators and explant types on the formation
of calluses from M. alba L. variety acorazonada.
Materials and Methods: The work was conducted in the Plant Biotechnology Study Center of the University of
Granma, Cuba. Fifteen treatments were carried out with the combination of three culture media with the explant
types and positions. The culture media were complemented with the growth regulators 2,4-dicholorophenoxyacetic
acid (2,0 mg L-1), 6-benzylaminopurine (2,0 mg L-1) + naphthaleneacetic acid (0,5 mg L-1) and 6-benzylaminopurine
(2,0 mg L-1) + 2,4-dicholorophenoxyacetic acid (0,5 mg L-1). The explant types were leaf blades in abaxial and adaxial
position, transversally and longitudinally sectioned stems and petioles. After 15 and 30 days, the beginning of callus
formation, the zone in which they were formed, callus percentage, color and consistency, as well as the root formation
percentage, were evaluated.
Results: After 15 days, in all the explants and culture media morphological changes occurred. These modifications
proved the beginning of callus formation, which reached higher values than 86 % at 30 days of cultivation. The calluses that
were formed from sectioned stems in culture media complemented with 6-benzylaminopurine (2,0 mg L-1) + 2,4-dicholorophenoxyacetic acid (0,5 mg L-1) showed better morphogenic characteristics.
Conclusions: Callus formation was obtained in the different culture media and explant types of M. alba variety
acorazonada, with higher values than 86 %. The highest explant percentage with root formation was recorded from
transversally sectioned stems in the culture medium with 2,4-dicholorophenoxyacetic acid, reaching values of 75 %.
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Introduction
The genus Morus has been distributed throughout the world, in temperate as well as tropical areas.
The development of sericulture projects in different
regions causes that today mulberry (Morus alba L.)
is present in China, India, Brazil, Japan and other
countries (Gahukar, 2015).
Traditionally, the propagation of the species is
carried out by cuttings or botanical seeds. This constitutes a limitation, because it reduces even more
its availability for animal feeding, due to its growth
cycle (Desai et al., 2018).
In Cuba, M. alba is studied for its utilization in
forage production because of its qualities as feedstuff (Noda and Martín, 2017). With this purpose,
the country has a germplasm of 21 varieties, introduced from Costa Rica, Ethiopia, Brazil, South Korea, China and Spain (Martín-Martín et al., 2015).
The process of M. alba introduction and generalization in Cuba has led to the development of diverse

studies of evaluation and/or characterization of varieties, among which acorazonada stands out (MartínMartín et al., 2015).
Plant tissue culture is a technique for the cultivation, multiplication and maintenance of plant
cells, tissues or organs isolated from the mother plant, under controlled and aseptic conditions
(Viquez-Pancho, 2018).
In mulberry, tissue culture has been efficiently
applied to improve the potential of yield, resistance
to pests and diseases, tolerance to abiotic stresses
and resistance to herbicides by the crop. It has also
been used with good results for the micropropagation of difficult genotypes, plant regeneration
of young leaves, cotyledons, hypocotyl zones and
stem segments. Its use in in vitro techniques is also
referred, in order to develop tetraploids through the
use of colchicine (Tikader and Vijayan, 2017) and in
molecular markers for germplasm characterization
in mulberry (Vijayan et al., 2019).
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laminar flow cabinet, with 1 % sodium hypochlorite during 20 min. Afterwards, they were washed
four times with sterile distilled water.
Basal culture medium. The basal culture medium
was composed by salts, vitamins and Murashige and
Skoog solution (Murashige and Skoog, 1962) at concentration of 4,32 g L-1. Furthermore, sucrose (30 g
L-1) and agar (6,0 g L-1) with pH 5,8, were added to
the culture medium. The growth regulators were used
according to the indications by Espinosa et al. (2012),
who used 2,4-dichlorophenoxyacetic acid (2,4-D).
The criteria expressed by Agarwal (2002), who makes
reference to the combinations of 6-benzylaminopurine (6-BAP) + naphthaleneacetic acid (NAA) and 6-benzylaminopurine (6-BAP) + 2,4-dichlorophenoxyacetic
acid (2,4-D), were followed.
Treatment and experimental design. The treatments were formed by combining the three culture
media with the five explant types and positions for
a total of 15 treatments (table 1). The explants were
placed at a rate of five explants per Petri dish for
each of the culture media. A complete randomized
design with factorial arrangement was applied.
After 15 and 30 days, the beginning of callus
formation, zone on which they were formed, formation percentage, color, consistency and root formation percentage, were evaluated. The calluses were

The basis to develop plant tissue culture techniques in mulberry requires establishing a protocol
for callus culture. Agarwal (2002) used hypocotyls
and cotyledons as explants for obtaining calluses
through the use of different BAP and 2,4-D concentrations. Yew et al. (2011) used segments of leaves
and of different combinations of BAP, IAA and
2,4-D. For obtaining calluses, Espinosa et al. (2012)
also used leaf blades, stems and petioles as explants
with different concentrations of 2,4-D.
The objective of this work was to evaluate the
effect of different concentrations of growth regulators and explant types on the formation of calluses
of M. alba variety acorazonada.
Materials and Methods
Location. This research was conducted at the
Plant Biotechnology Study Center (CEBVEG, for its
initials in Spanish) of the University of Granma, Cuba.
Plant material. Cuttings from M. alba (mulberry),
variety acorazonada, 20 cm long, were cut, collected
at the germplasm bank belonging to the CEBVEG.
The cuttings were placed in distilled water for
obtaining sprouts. When they reached a size of 1012 cm, the leaves, stems and petioles were taken as
explant sources for the formation of calluses. Disinfection was performed under aseptic conditions of

Table 1. Combinations of different culture media with explant type and position in the formation of M. alba calluses
Treatment
1

Culture media

Explant types and positions

2,4-dichlorophenoxyacetic (2,0 mg L )
-1

TSA

2

TST

3

LAb

4

LAd

5
6
7

P
6-benzylaminopurine (2,0 mg L ) + 2,4-dichlorophenoxyacetic (0,5 mg L-1)
-1

TSA
TST

8

LAb

9

LAd

10
11
12

P
6-benzylaminopurine (2,0 mg L ) + naphthaleneacetic acid
(0,5 mg L-1)
-1

TSA
TST

13

LAb

14

LAd

15

P

TSA: 0,5-cm long stems, longitudinally sectioned with the cut upwards.
TST: transversally sectioned stems, 2-3 mm diameter, and thin cell layers on the culture medium
LAb: leaf blades in abaxial position, of 1 cm 2, with the dorsal side on the culture medium.
LAd: leaf blades in adaxial position, of 1 cm 2, with the ventral side on the culture medium.
P: 0,5-cm long petiole longitudinally placed on the culture medium.
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Callus formation is considered a defense mechanism of the plant to prevent the penetration of
alien agents through the cuts that occur in its tissues (Silva et al., 2018). At 15 days of cultivation,
the beginning of callus formation in the different
evaluated explants was observed. In the leaves it
became evident when they began to thicken and
were separated from the culture medium. In the
stem explants the formation of small protuberances
could be observed on the edges on which the cuts
were made and on the main nervation. In the petioles, the beginning of undifferentiated tissue formation was shown in the healing zones.
These results are similar to the ones reported
by Espinosa et al. (2012) in the cultivation of mulberry, variety acorazonada in MS medium, with
different concentrations of 2,4-D (0,5; 1,0 and 2,0
mg L-1), when using leaf blades, stems and petioles
as explants.
The results of this study are higher than those
achieved by Agarwal (2002), who obtained 65 % of
callus formation on internodal explants, in a combination of BAP (2,0 mg L-1) + NAA (0,5 mg L-1).
Meanwhile, in leaf explants, the highest percentage

incubated under darkness conditions, at temperature of 25 ± 2 °C and relative humidity between 60
and 65 %.
Statistical analysis. Data such as callus and
root formation were expressed in percentages. The
proportion comparison analysis using the statistical
package CompraPro was applied, according to the
indications made by Castillo and Miranda (2014).
Results and Discussion
The results that are shown in table 2, related to
the callus formation percentage with regards to the
culture medium and explant type, prove that in all
the treatments there was callus formation at 15 and
30 days, with higher values than 86 %. This can be
considered an adequate physiological response of the
explants to different growth regulators, as indicated
by the percentages reached in all the treatments.
A similar performance was referred by Bhau and
Wakhlu (2001), when forming calluses of Morus alba
variety Chinese White and Kokuso-27 (100 %) and in
Ichinose (95 %) in basal culture medium Murashige
and Skoog supplemented with 2,4-D (1,0 mg L-1) +
BAP (0,5 mg L-1).

Table 2. Effect of different culture media and explant types on the formation of mulberry calluses, at 15 and 30 days
of cultivation.
Treatment

Culture media

Explant types and position

Callus formation, %
15 days

30 days

TSA

100

a

100a

2

TST

100

a

100a

3

LAb

100a

100a

4

LAd

92

5

P

100a

100a

TSA

100a

100a

TST

100

a

100a

8

LAb

100a

100a

9

LAd

100

a

100a

P

100a

100a

TSA

100

a

100a

TST

100a

100a

13

LAb

100a

100a

14

LAd

96

15

P

86b

1

6
7

2,4-dichlorophenoxyacetic (2,0 mg L )
-1

6-benzylaminopurine (2,0 mg L-1)+2,4dichlorophenoxyacetic (0,5 mg L-1)

10
11
12

6- benzylaminopurine (2,0 mg L )+
naphthaleneacetic acid (0,5 mg L-1)
-1

TSA: 0,5-cm long stems, longitudinally sectioned with the cut upwards.
TST: transversally sectioned stems, 2-3 mm diameter, and thin cell layers on the culture medium
LAb: leaf blades in abaxial position, of 1 cm 2, with the dorsal side on the culture medium.
LAd: leaf blades in adaxial position, of 1 cm 2, with the ventral side on the culture medium.
P: 0,5-cm long petiole longitudinally placed on the culture medium.
Different letters in the same column significantly differ (p < 0,05); *p < 0,05
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(44,05 %) was achieved with BAP (2,0 mg L-1) +
NAA (0,5 mg L-1) after five weeks of cultivation.
The difference observed with regards to this study
can be related to the used variety, which in the work
conducted by Agarwal (2002) was M5.
At 30 days of cultivation, it could be observed
that the calluses in the leaf explants were little developed, with brown coloring and hard consistency.
In the petiole explant, the calluses had cream coloring,
and were more evident in the culture media that
contained 2,4-D (2,0 mg L-1) and 6-BAP (2,0 mg L-1)
+ NAA (0,5 mg L-1).
Callus formation in the explants of longitudinally
sectioned stems, at 30 days of cultivation in the MS
medium with 6-BAP (2,0 mg L-1) + 2,4-D (0,5 mg
L-1), showed the best morphological characteristics
(figure 1). The amorphous cell mass occupy the
entire explant surface, showing light cream coloring
with friable consistency.
Agarwal (2002), when evaluating the effect
of different combinations of 6-BAP with 2,4-D in
leaves and internodal explants after five weeks of
cultivation, reported that the best treatment was
6-BAP 2,0 mg L-1+ 2,4-D 0,5 mg L-1, with 52,6 % in
internodal explants and 33,7 % in leaves. Those results were lower than the ones in this research, with
the variety acorazonada, which can be related to the
use of the variety M5 by Agarwal (2002). With regards to the latter, there are no references in Cuba.
Deo et al. (2010) indicated that among cultivars of
the same species differences can appear regarding the
induction of embryogenic tissues. Thus, some genotypes are induced relatively easily; while others do not

show favorable responses under the same cultivation
conditions. In this case, the cultivation conditions or
the medium composition should be modified.
According to Martínez et al. (2017), 6-BAP reinforces biochemically the action of 2,4-D by increasing
auxin activity. They are in charge of stimulating
cell growth and division, increasing the cell formation rate in an organized way from the explant
cells. These growth regulators have a fundamental
function in sprout formation and growth (Liu et al.,
2019).
The characteristics shown by the calluses coincide with the observations made by Espinosa et al.
(2012). In mulberry cultivation, these authors obtained light cream calluses in all the treatments in
which they used 2,4-D in the different explant types
(leaf blades, petiole and stems). Agarwal (2002)
also obtained calluses of friable consistency and
brown color in hypocotyl explants in the cultivation
of mulberry, variety M5.
Silva et al. (2018), when using different explant
types (leaves, stems and petiole) of M. alba, variety acorazonada, obtained yellowish brown calluses
of friable consistency. The calluses were incubated
under darkness conditions. All the works reviewed
in literature coincide on the fact that callus formation in mulberry occurs in the dark. This is explained
because under those conditions the oxidation of auxins, which play an important role in callus formation, is reduced (Sarkar et al., 2018).
Correspondingly with the results of this study,
it can be stated that the use of leaves, petioles and
stems, as explants in the cultivation of mulberry,
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allows to obtain efficiently calluses and to achieve
high values for each of the explant types.
Table 3 shows the results of the effect of different culture media and explant types on the root
formation percentage, at 30 days of cultivation. The
highest rooting percentage (75 %) was observed in
treatment 2, in which explants of transversally sectioned stems in Murashige and Skoog (MS) medium
with 2,4-D (2,0 mg L-1). This treatment showed significant differences with regards to the others. The
results prove that 2,4-D exerts a favorable effect,
not only on callus formation, but also on the induction of roots in the in vitro culture of longitudinal
segments in young mulberry stems.
The lowest value in root formation was observed in the culture medium with 6-BAP (2,0 mg L-1)
+ 2,4-D (0,5 mg L-1). This can be associated to the
fact that BAP cytokinin levels were higher than
2,4-D, relation which can decrease root formation
(Gil et al., 2019).
In the culture medium 6-BAP (2,0 mg L-1) +
NAA (0,5 mg L-1) the results were variable, because
values of 44 and 27 % were obtained for the positions and explant types LAD and TSA, respectively. However, for the other three treatments, the
values were 0 and 4 % which suggests an effect

more dependent on the explant type and position in
the culture medium.
2,4-D is a strong auxin, which is used in in vitro
culture for callus formation and induction of somatic embryos. It exerts a rooting effect, and at present
it is widely used, due to its low cost and easy access.
In diverse plant species it has been used as growth
regulator (De-la-Cruz et al., 2016).
The plasticity of several explants indicates the
possibilities of utilization of these root systems for
the production of secondary metabolites, and for
the possible cultivation of vesicular arbuscular mycorrhizal fungi (AMF) which need a forced symbiosis. These AMF cannot be obtained in artificial
culture media.
Figure 2 shows root formation in explants of
transversally sectioned explants at 30 days in MS
medium with 2,4-D (2,0 mg L-1). Root growth occurred from the calluses and directly from the explant, which indicates the occurrence of indirect
and direct organogenesis, respectively (figure 2).
The roots that were formed are thick and long and
are densely covered by root hairs.
Espinosa et al. (2012) in the species M. alba
obtained calluses that formed roots from petioles
and leaves. These authors reported that in the latter

Table 3. Effect of different culture media and explant types on the root formation percentage at 30 days of cultivation.
Treatment
1

Culture media
2,4-dichlorophenoxyacetic (2,0 mg L-1)

Explant types and position

Root formation, %

TSA

34bc

2

TST

75ª

3

LAb

38bc

4

LAd

48b

P

9d

TSA

4d

5
6
7

6-benzylaminopurine (2,0 mg L )+ 2,4-dichlophenoxyacetic(0,5 mg L-1)
-1

TST

0

8

LAb

0

9

LAd

0

10

P

4d

TSA

27c

TST

0

13

LAb.

4d

14

LAd

44bc

15

P

0

11
12

6-benzylaminopurine (2,0 mg L-1) + naphthaleneacetic acid (0,5 mg L-1)

TSA: 0,5-cm long stems, longitudinally sectioned with the cut upwards.
TST: transversally sectioned stems, 2-3 mm diameter, with thin cell layers on the culture medium
LAb: leaf blades arranged in abaxial position, of 1 cm 2, with the dorsal side on the culture medium.
LAd: leaf blades placed in adaxial position, of 1 cm 2, with the ventral side on the culture medium.
P: 0,5-cm long petiole longitudinally placed on the culture medium.
Different letters in the same column significantly differ (p < 0,05); *p < 0,05
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explant the number of roots was higher in the treatments where the highest concentrations of 2,4-D
(1,0 and 2,0 mg L-1).
The formation of roots or sprouts on the calluses depends on the auxin/cytokinins ratio in the medium. Rhizogenesis is thus induced in high presence
of IAA or NAA. Meanwhile, when combining 2,4-D
with auxins or cytokinins, the formation of calluses
with regenerative capacity with sprouts or embryos
is favored (Rodríguez-Beraud et al., 2014).
Rodríguez-Beraud et al. (2014), when using
cotyledon, hypocotyl and leaves of strawberry
myrtle (Ugnimolinae Turcz), evaluated the in vitro
induction of callogenesis and indirect organogenesis. The calluses were cultivated in a differentiation medium with diverse concentrations of NAA
+ 6-BAP. These authors obtained the highest rhizogenic response in leaf calluses with NAA (0,1 mg
L-1) + 6-BAP (1,0 mg L-1).
For obtaining roots the use of transversally sectioned stems in the culture media used by Espinosa
et al. (2012), is recommended.
In this research, higher values than 86 % were
reached in callus formation. The best morphological
characteristics were obtained in the explants of
longitudinally sectioned stems in culture medium
with BAP (2,0 mg L-1) + 2,4-D (0,5 mg L-1).
Conclusions
Callus formation was obtained in the different
culture media and explant types of M. alba, variety
acorazonada, with higher values than 86 %. The
calluses formed from stems that were longitudinally

sectioned in culture medium complemented with
6-benzylaminopurine + 2,4 dichlorophenoxyacetic
acid showed better morphogenic characteristics.
The highest percentage of explants with root formation was obtained from transversally sectioned
stems in the culture medium with 2,0 mg L-1 of 2,4-dichlorophenoxyacetic acid, reaching values of 75 %.
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