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Abstract
Objective: To evaluate the effect of mineral salts and the use of mannitol on the in vitro conservation of Morus alba 
L., Acorazonada variety.
Materials and Methods: In a first experiment, the treatments included different concentrations of the mineral salts 
(25, 50, 75 and 100 %) in a basal Murashige and Skoog culture medium, with 0,5 mg mL-1 of 6-benzylaminopurine, 
naphthaleneacetic acid 0,5 mg L-1 and sucrose 30,0 g L-1. In another experiment, different mannitol concentrations (5,0, 
10,0 and 15,0 g L-1) were evaluated in basal MS culture medium. As control, the basal Murashige and Skoog culture 
medium was used with 0,5 mg L-1 of 6-benzylaminopurine, naphthaleneacetic acid 0,5 mg L-1 and 30,0 g L-1 of sucrose.
Results: The highest survival values (60,0 and 53,3 %), higher length (3,8 and 3,9 cm) and number of active leaves 
(1,02 and 1,05) of the preserved material were obtained when using the mineral salts at 75 and 100 %. The utilization 
of mannitol reduced the growth and number of active leaves, but did not improve the survival of the explants. In both 
experiments, the explants showed stems without leaves and phenolization symptoms.
Conclusions: The culture medium with the mineral salts at 50 %, 6 benzylaminopurine 0,5 mg L-1, naphthaleneacetic 
acid 0,5 mg L-1 and 30,0 g L-1 of sucrose favors the in vitro conservation of M. alba, Acorazonada variety, during 
six months. The utilization of mannitol reduced growth, but did not improve survival and physical condition of the 
explants during their in vitro conservation.
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Introduction
Morus alba is a forage plant, belonging to the 

family Moraceae, introduced in Cuba due to its 
excellent nutritional qualities for feeding different 
animal species (Noda-Leyva and Martín-Martín, 
2017). It stands out for its high yields. Under 
different edaphoclimatic conditions it produces 
between 10 and 12 t DM/ha per year, contains from 
20 to 25 % crude protein and the DM digestibility is 
higher than 80 % (Martín et al., 2014).

It is a crop that contributes to the control of soil 
erosion. Reports have been written about the M. 
alba potentialities as edible plant and the use of its 
fresh leaves is recommended (Pentón et al., 2007). 
Its possibilities to be used in the wine industry and 
as colorant of food products and preserves, stand 
out. It is acknowledged for its commercial value in 
the cosmetic industry. Due to its antioxidant and 
hypoglycemic phytochemical properties it has been 
widely used in medicine production (Huh et al., 
2017).

The increasing interest in the cultivation of 
M. alba demands the search for alternatives for 
the conservation of the germplasm of this species 
in Cuba. It is known that the conservation of 
plant genetic resources guarantees their possible 
utilization as potentially useful genetic variation 
source, and in turn avoids the loss of genetic diversity 
in agriculture, with the subsequent reduction of the 
available plant material for the present and future 
generations. In this regard, Arrigoni-Blank et al. 
(2014) state that the conservation of the diversity 
contained in a germplasm is the basis of every 
breeding program, which is reflected on the creation 
of plants with resistance or tolerance to diverse biotic 
and abiotic factors, to ensure higher productivity.

The conservation of the M. alba germplasm is 
done in different ways. It can be in situ, that is, in 
the places where it grows naturally, and it can be 
done ex situ through germplasm banks, located in 
the field, in pots or in greenhouses (Zhang et al., 
2019). The in vitro methods have also been used 
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(Arias-Padró et al., 2012; Vijayan and Sangannavar, 
2020).

In vitro conservation has been profiled as a 
valuable alternative for the conservation of plant 
germplasm. This form of preserving the plant 
material relieves plants from the risks that occur 
in the field, reduces costs, ensures the maintenance 
of genetic fidelity and facilitates the exchange of 
germplasm (Arrigoni-Blank et al., 2014).

There are two main forms to carry out in 
vitro conservation: conservation by minimum 
growth and cryopreservation. The objective of the 
former is to decrease in vitro plant growth through 
the decrease of metabolism and cell division, 
for which the optimum cultivation conditions 
and the composition of the culture medium are 
disturbed (González-Arnao et al., 2017). Among the 
disturbances in the composition of culture media, 
the reduction of mineral nutrients and the addition of 
growth regulators and osmotic regulators are more 
frequent (Jiménez-Mariña et al., 2016; Kovalchuk 
et al., 2018).

The available M. alba germplasm in Cuba 
comprises, approximately, 22 varieties, which are 
preserved at the Pastures and Forages Research 
Station Indio Hatuey, introduced from Costa 
Rica, Ethiopia, Brazil, South Korea, China and 
Spain (Reino-Molina et al., 2017). It is preserved 
in germplasm banks in the field, with loss risk due 
to natural disasters and the attack by pests and 
diseases, situation that demands the search for 
alternatives to guarantee its conservation.

The bibliographic review showed that the most 
widely used method for conservation by minimum 
growth of the genus Morus is temperature decrease. 
No results were found related to the use of osmotic 
regulators, reduction of nutrient content or other 
changes in the composition of the culture medium or 
in the ambient conservation conditions. That is why 
to justify the results obtained in this work studies 
conducted in other crops, and which are related to 
the use of mannitol and management of mineral 
salts for in vitro conservation, were utilized.

This study was conducted in order to evaluate 
the effect of mineral salts and the use of mannitol 
on the in vitro conservation of M. alba, Acorazona-
da variety.
Materials and Methods

Location. The research was conducted in the Plant 
Biotechnology Research Center of the University of 
Granma, in the period comprised between January, 

2020, and September, 2020. The Acorazonada 
variety, from the germplasm bank of the Plant 
Biotehnology Research Center of the University of 
Granma, was used.

Plant material and culture media. For the in vitro 
establishment, nodal segments of 1,5-2,0 cm of 
length, which come from sprouts obtained from 
stakes sprouted under semicontrolled conditions, 
were used as explants. They were superficially 
disinfected with sodium hypochlorite at 1 % of 
active chlorine during 20 min and were later rinsed 
four times with sterile distilled water under aseptic 
conditions. In all the experiments, as basal culture 
medium (BM) the MS salts and minerals (Murashige 
and Skoog, 1962), 6-BAP (6-benzylaminopurine) 
0,5 mg L-1, NAA (naphthaleneacetic acid) 0,5 mg L-1 
and 30,0 g L-1 of sucrose, solidified with 6,0 g L-1 of 
agar E (Biocen) and pH 5,7 (Salas et al., 2011), were 
used. The explants were incubated at 25 ± 2 ° C, 
with a regime of 16 light hours and photosynthetic 
photon flux density (PPFD) of 62-68 µmol m-2s-1) 
and eight hours of darkness, during 30 days.

The plant material multiplication was carried 
out on a culture medium similar to the one des-
cribed for the in vitro establishment stage. Three 
subcultures were done until having the necessary 
plant material quantity to conduct the conservation 
experiments that are described below.

Experiment 1. Effect of mineral salts on the in 
vitro cultivation of M. alba. The content of mineral 
salts (macro salts) of the MS culture medium 
(Murashige and Skoog, 1962) was distributed and 
the following treatments were made up: T1) MS salts 
at 25 %, T2) MS salts at 50 %, T3) MS salts at 75 % 
and T4) MS salts at 100 %. T4, which contained the 
basal culture medium with the salts at 100 % of their 
concentration, was established as control.

Experiment 2. Effect of mannitol on the in vitro 
conservation of M. alba. Different concentrations of 
mannitol in the culture medium were evaluated and 
the following treatments were made up: T1) basal 
medium, T2) basal medium + mannitol (5,0 g L-1), T3) 
basal medium + mannitol (10,0 g L-1) and T4) basal 
medium + mannitol (15,0 g L-1). T1, which contained 
the basal culture medium without mannitol, was 
established as control.

Experimental design. In the two experiments 
a complete randomized design was applied and five 
tubes were used per treatment, for a total of 30 tubes 
per essay (150 x 25 mm), with 10 mL of culture 
medium and an explant per tube.
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Measurements. At six months the survival of 
the explants was evaluated (percentage calculation 
from the number of live explants) by visual 
observation. The length of the sprouts (cm) was 
measured through a graduated ruler and the number 
of active leaves (green leaves) was quantified.

Statistical analysis. The data normality was 
tested by the Kolmogorov-Smirnov test and 
variance homogeneity, through Levene’s test. As 
there was normality and variance homogeneity, 
simple variance analysis was done. In the cases in 
which there were significant differences among the 
means, Tukey’s multiple range comparison test (p 
= 0,05) was applied. The variables, expressed in 
percentage, were processed through a proportion 
difference analysis. The statistical package Infostat 
2017 (Di Rienzo et al., 2017) was used.
Results and Discussion

During the first three months of conservation, 
the explants showed in all the treatments very 
good physical conditions: leaves of green color, 
fully extended, practically all in active status and 
without symptoms of hyperhydricity. Nevertheless, 
once six months passed, the physical conditions 
of the explants were much deteriorated in all the 
treatments. Survival was affected in all of them 
(table 1), with significantly lower values when 
using the salts at 25 %. The treatments in which 
the mineral salts were used at 50 % of their 
concentration or more, did not show significant 
differences among them.

Sprout length was significantly higher in the 
treatments with higher concentration of mineral 
salts (75 and 100 %). In the treatment with the salts at 
25 %, the sprout length was significantly lower than 
the other treatments. The number of active leaves 
at six months of cultivation drastically decreased in 
all the treatments, and reached zero in the ones that 

had lower salt concentrations (25 and 50 %). The 
sprouts showed green color, but practically without 
leaves, result that allows to assume that the nutrient 
concentration is very low to supply the sprouts.

The results of this experiments show a marked 
influence of the concentration of inorganic salts of 
the medium on the survival and development of 
the in vitro M. alba plants, Acorazonada variety. 
There was a general trend to decrease the value of 
the morphological variables, as the concentration of 
inorganic salts decreased. In this regard, Kovalchuk 
et al. (2018) acknowledge that mineral nutrients are 
among the main components of the culture media 
used in the cultivation of plant tissues.

Martínez-Villegas et al. (2015) state that the 
effect of the concentration of inorganic salts on 
the explant growth is closely related to the osmotic 
potential of the culture medium. They indicate 
that as such potential is reduced water and nutrient 
absorption is lower, which hinders sprout growth 
and multiplication. Nevertheless, it is considered 
that in this research the concentration of mineral 
salts used do not generate a hydric potential that 
affects water and nutrient absorption, and ascribe 
the differences in explant growth to the nutrient 
availability in the evaluated culture media.

These results coincide with those reported by 
Castilla-Valdés et al. (2020), who obtained at six 
months of in vitro conservation of Coffea arabica 
L significantly lower values, regarding survival and 
number of leaf pairs in the culture media. The above-
cited authors used the nutrient salts at 25 and 50 %, 
unlike other treatments with higher concentration of 
salts. Also in agreement with the results of this study are 
the works by Jiménez-Mariña et al. (2016) during the in 
vitro conservation of carnation (Dianthus caryophyllus 
L.), obtaining significant differences in the survival of 
plants cultivated in culture medium with the MS salts, 

                  Table 1. Effect of the concentration of mineral salts in the culture medium on the in vitro  
                               conservation of M. alba, Acorazonada variety. 

MS salts, % Survival, % Sprout length, cm Number of active leaves
25  40,0b 1,1c 0c

50   56,6ab 2,6b 0c

75  60,0a 3,8a   1,0b

100   53,3ab 3,9a   1,1b

SE ±    0,060      0,130
P - value p < 0,001 p < 0,0001

                       Means with different letters per column significantly differ, according to Tukey’s test (p < 0,05) 
                       SE: standard error
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reduced to 25 % of their concentration compared 
with the other treatments, after three months of 
cultivation.

Effect of mannitol on the in vitro conservation 
of M. alba. The inclusion of mannitol in the culture 
medium did not influence explant survival. Table 2 
shows that there were no statistical differences with 
regards to the control group or among the different 
evaluated mannitol concentrations.

The mannitol concentrations used significantly 
reduced sprout length and number of active leaves, with 
significant differences among them and with regards to 
the control treatment. This could be due to the effect 
caused by mannitol on the decrease of the osmotic and 
hydric potential of the culture medium, which hinders 
water and nutrient absorption and causes reduction in 
plant growth. Regarding the above-explained facts, 
García-Águila et al. (2007) state that mannitol is an 
osmotic agent that exerts its limiting effect on explant 
growth because of reduction of water and nutrient 
absorption from the culture medium.

The in vitro plants at the moment of evalua-
tion showed green stems, practically without active 
leaves and with losses of the apical bud in some cas-
es. The culture media in all the treatments showed 
phenolization symptoms.

The results partially coincide with reports by 
other authors who have referred the use of mannitol 
for in vitro plant conservation. Rayas-Cabrera et al. 
(2019) found that the use of mannitol at concentrations 
of 1,0, 1,5 and 2,0 % in the in vitro conservation of 
two varieties of Ipomoea batatas (L.) Lam., reduced 
growth, without affecting the survival of the plants 
preserved during eight months. Alvim et al. (2020) 
reported the reduction of growth of the aerial part 
of the plant, when preserving in vitro Amburana 
cearensis (Allemão) A.C.Smith. (Fabaceae), native 

species of Brazil, and the decrease of survival and 
number of active leaves since 120 days of cultivation 
in the media with higher mannitol concentrations 
(1,6 and 2,4 %).

Rayas-Cabrera et al. (2020) when preserving 
in vitro cultivars of Dioscorea alata L. determined 
that the use of mannitol at 1,5 % in the culture me-
dium favored survival and number of sprouts per 
explants. These authors acknowledge that its use 
increased survival of the preserved material during 
the recovery process, effect that is also favored by 
the presence of activated carbon in the culture me-
dium of conservation.

The results obtained in this research indicate 
that the inclusion of mannitol in the culture medium 
at the evaluated concentrations, in spite of reduc-
ing growth, did not improve survival and physical 
condition of the explants. This suggests the need to 
evaluate the effectiveness of this osmotic regulator 
with new concentrations, its combination with oth-
er substances and environmental conditions.
Conclusions

The culture medium with mineral salts at 50 %, 
6-benzylaminopurine 0,5 mg L-1, naphthaleneacetic 
acid 0,5 mg L-1 and 30,0 g L-1 of sucrose favors the 
in vitro conservation of M. alba, Acorazonada 
variety, during six months. The use of mannitol 
reduced growth, but did not improve survival and 
physical condition of the explants during their in 
vitro conservation.
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                           Table 2. Effect of the use of mannitol on the in vitro conservation of M. alba,  
                                         Acorazonada variety.

Mannitol, g L-1 Survival, % Sprout length, cm Number of active leaves
0 60,0 3,9a 1,1a

   5,0 50,0 1,8b 1,2a

 10,0 60,0 0,7c 0,4b

 15,0 63,3 0,4c 0,2b

SE ± ns 0,090 0,130
P - value p < 0,0001 p < 0,0001

                               Means with different letters per column significantly differ, according to Tukey’s test for p < 0,05 
                                  ns: There are no significant differences.
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