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Introduction:-

Bananas (Musa spp.) are perennial crops that grow rapidly in tropical locations and can be harvested throughout the
year. A banana is characterized as a giant perennial herbaceous plant containing a short rhizome, an apparent stem to
which the pods are attached, the formation of a crown of leaves. In the year 2000 alone, it is estimated that an area
of approximately nine million hectares was cultivated for banana growing worldwide. In 2017, approximately 20%
(22.7 million tons) of worldwide banana production was marketed, becoming the most exported fruit (Voora et al.,
2020; FAO, 2020). Banana cultivation is one of the most important in Colombia and because of this importance, the
country has established itself as the fifth-largest producer worldwide after the Republic of Congo, Ghana,
Cameroon, and Uganda, and as the fourth largest exporter after Laos, Guatemala, and Ecuador (Minagriculture,
2021). The main varieties of cooking plantain that are cultivated in Colombia are Dominico, Dominico Hartén, and
Harton. The so-called "Comino" or Maquefio plantain, used in the “snack” and starch agribusiness and desired for its
sweetness, is beginning to gain importance within this group.
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Any current figure on banana marketing is only an approximation since most of the world’s banana production
(almost 85%) comes from relatively small plots and home gardens that escape consumption and marketing statistics.
Most of these bananas are traded locally or consumed directly by the producer, which makes the fruit an item of
special relevance due to its evident importance for food security (Arias et al., 2004).

Regardless of the efforts that have been made to produce cultivation viable and inexpensive banana crops, the
vascular disease called Moko, caused by the bacterium Ralstonia solanacearum (French & Sequeira, 2001) and
Fusarium R4T caused by the fungus Fusarium oxysporum f. sp. cubense, generates millions of losses in banana
production since no effective eradication methods exist; in addition, the appearance of Moko has spread rapidly
throughout the Colombian territory, resulting in a significant decrease in banana yields in cultivated areas.

The Colombian Agricultural Institute (ICA) has disclosed the importance of working on measures for prevention,
dissemination, and control of these phytosanitary problems through the implementation of the provisions suggested
by resolutions 17334 of 2019 and 92770 of 2021 (ICA, 2019; ICA, 2021).

Banana seed is the primary infection vector in disease-free areas in which one of the main prevention measures is
the production of healthy seeds. In this sense, in vitro propagation has proven to be a viable alternative for
propagation in traditional nurseries by ensuring healthy, pathogen-free germ material (Domingues 1995; Olmos et
al., 2010).

Many factors affect the success of in vitro micropropagation of plantain, for example, the type and composition of
the culture medium, micropropagation system, nature and size of the explant, explant disinfection method, and
environmental conditions each of which make it necessary to adjust specific protocols according to the variety and
technological resources of each laboratory (Waman & Bohra, 2019).

The objective of this work was to construct an updated documentary tool that supports decision-making in the
context of the producer who suffers from the risk of possible diseases on their crops. Thus, in the document, viable
alternatives for the use of in vitro techniques based on the objectives of the micro-propagation and the scientific
evidence are discussed in addition to some relevant aspects to consider when thinking about using an in vitro
culture. This document should be useful as a starting point for establishing reliable propagation protocols for
different varieties of plantain in Colombia.

Materials and Methods:-

An information search was carried out in databases, including Scopus, Science Direct, Scielo, and Google Scholar
websites. The search was carried out using keywords in English and Spanish, conjugated with Boolean operators to
specify the information. The most used keywords were “micropropagation”, “plantain”, “banana”, “in vitro”,
“AAB”, “cultivation”, “standardization”, and “Ralstonia solanacearum” with the Boolean operators AND, NOT,
and OR. The documents were reviewed and classified by the authors according to their relevance in meeting the
objectives of this review until obtaining a base of 63 nationally and internationally published documents that were
then grouped into scientific articles, books, and official reports since 1943 to date. Additionally, information was
obtained from the Center for Research in Agriculture and Biotechnology (CIAB) of the National Open and Distance
University (UNAD) in which experiments have been conducted out for the in vitro propagation of Musa paradisiaca
since 2013.

Results and Discussion:-

Plant micropropagation techniques are based on potential cell differentiation, which assumes that any plant cell
contains a complete copy of the genetic material of the plant to which it belongs regardless of its function or position
in it and therefore, has the potential to regenerate a completely new plant (Calva & Pérez, 2005). Although all cells
are theoretically totipotent, meristematic cells are the most capable of expressing this quality (Shamoun, 2004). The
morphogenetic response of somatic cells can be manifested via one of two alternative routes: (1) organogenesis or
(2) somatic embryogenesis. Organogenesis is a biphasic process during which the induction strategy for the
formation of new cells results in the formation of organs from callus culture (Pérez-Bernal et al., 2008; Vifias &
Jiménez, 2011). On the other hand, somatic embryogenesis (SE) is a process that involves the formation of embryos
from plant somatic cells. It is noteworthy that as a result of SE these embryos have a bipolar structure with stem
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apices and roots and similarity to the structure found in zygotic embryos, which makes SE an ideal technique for
generating viable clones with successful adaptability independent of the medium.

Depending on the characteristics of the plant to be propagated and the objective of the said propagation,
micropropagation can be carried out through three regeneration pathways: (1) sprouting of pre-existing adventitious
buds, (2) production of “de novo” buds (differentiation within the explant that leads to the formation of primary
meristems, roots, and bud primordia), and (3) somatic embryogenesis (Olmos et al., 2010). Concerning the culture
medium, it is common to divide tissue culture techniques into two large groups: (1) cultures in semi-solid media and
(2) cultures in liquid media, which in turn can be stationary or subject to continuous shaking or placed in temporary
SIT immersion systems. It is also common to divide tissue culture according to the levels of complexity into organ,
cell, and protoplast cultures (Roca & Mroginski, 1991).

For three decades, efforts have been devoted to perfecting in vitro propagation protocols for plantains (Vuylsteke &
De Langhe, 1985). Today, each laboratory has established its protocol, depending on the varieties, including the
propagation of Heliconias and other Zingiberaceae, particular clones, and environmental factors. In vitro, clonal
propagation studies from meristem culture began in the early 1970s, and application of this method to bananas was
first described by Ma and Shii in 1972 (Ma & Shii, 1972; Roca & Mroginski, 1991). Currently, bananas are
propagated in vitro using three main techniques depending on the purpose of obtaining the seedlings: (1) culture of
apical and axillary meristems, (2) culture of floral meristems, and (3) culture of protoplasts. Meristem cultures are
used for mass production of plant material for commercial crops, while seedlings obtained from protoplast cultures
are used for genetic improvement purposes by providing materials with greater somaclonal variability (Uzcategui et
al., 2010; Nwauzoma & Jaja, 2013).

Direct Organogenesis Regeneration from Apical Corm Meristems. Morphologically, the corm is defined as a stem
that develops leaves in the upper part and adventitious roots in the lower part (Soto, 1985). Therefore, in Musaceae
plants, the stem corresponds to an erect underground corm with monopod branching (Belalcazar et al., 1991) and is
evident after cutting the apical meristem longitudinally at which point it can be observed that the meristem is located
in a depression enclosed between the foliar surrounded by differentiated leaves (Soto, 1985). At the base of each
node, the non-axillary buds are inserted in an opposite way (Soto, 1985; Belalcazar et al., 1991; Vargas-Calvo et al.,
2015). The corm has many active and latent buds that are controlled by regulatory mechanisms; therefore, when the
corm is divided into several parts, each of them can give rise to a plant if at least one vegetative bud is present and
receives special care (Haddad, 1994).

Cultivation by apical meristems is widely used for plantain propagation and although the proliferation rates are not
uniform, it allows for a good yield of many healthy propagules that are genetically stable and free of contaminating
microorganisms (Gamborg et al., 1968). Through direct organogenesis from the apical meristems, the sprouting of
axillary buds is obtained (Figure 1) that allows for propagation of new plants. Through indirect organogenesis, the
formation of a mass of undifferentiated cells called “callus”, is stimulated, which will later give rise to new shoots.
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Figure 1:- Axillary meristems obtained from in vitro seeding of an apical meristem.
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Planting Material Characteristics. Generally, it can be said that the younger and more undifferentiated the explant
to be cultivated, the better its response in vitro will be, which is the reason for using apical and axillary meristems
(Olmos et al., 2010).

Plantain explants are commonly obtained from “needle or sword” type suckers as shown in Figure 2 (Ortega et al.,
2010; Sandoval-Cancino et al., 2013), dried apricots (Aranzazu et al., 2005), adult corms between 400 and 600 g
(Uzcétegui et al., 2010), and meristematic domes obtained from in vitro subcultures (Héctor et al., 2007; Pérez et al.,
2013).

Figure 2:- ch;}n'iéﬁ to ri@ht?épade or needle sucker and explant of the apical bud of a corm.

Depending on the size of the explant that is added to the culture medium, significant differences have been found in
terms of survival percentage, oxidation, and contamination. The most appropriate explant sizes for budding are
between 1 and 5 mm?. These explants can achieve a size of up to 1 cm? and conserve a portion of the corm tissue.
Larger sizes result in greater contamination of the cultures as it is more difficult to achieve adequate disinfection
before planting, and smaller sizes result in higher rates of explant deaths due to oxidation (Canchignia et al., 2008;
Hoyos et al., 2008; Villegas et al., 2008; Uzcategui et al., 2010; Pérez et al., 2013). In the case of explants from in
vitro plants (meristematic domes), the size ranges between 0.1 and 0.5 mm.

Disinfection of the Explant prior to Sowing. When the corms are obtained from the field, it is necessary to clean and
disinfect them to remove soil residues and other contaminants. After removing all roots and submerging the corms
in a soapy solution, the corms are then reduced to a size of 10 cm and submerged in a sodium hypochlorite solution
(4%—20%) for the time period, which usually varies between 5 and 20 min according to the selected protocol
(Canchignia et al., 2008; Hoyos et al., 2008; Sepulveda et al., 2008). The concentration of hypochlorite and
immersion time varies according to the characteristics of the explants. These parameters must be adjusted in such a
way that the percentages of oxidation of the tissues are reduced once seeded in vitro according to the criteria of each
researcher. The higher the concentration of hypochlorite and the longer the immersion times are, the higher the
percentages of explant loss due to oxidation will be. To counteract the hypochlorite effect, submerging explants in
antioxidant solutions based on cysteine (60 mg L-1), aluminum sulfate, and ascorbic acid (50, 75, and 100 mg L)
has been successfully tested (Ortega et al., 2010; Uzcategui et al., 2010; Rios et al., 2013) during which the explant
size reduction process is performed. Disinfection and three washes with distilled water should be done before
planting in the culture medium. It has been shown that when the explants are dried in the shade for either 7 or 14
days followed by immersion in a solution of 50 mg L™ of cysteine, oxidation-reduction occurs; therefore, a 100%
survival rate of the explant material during the first four weeks of cultivation was found to occur (Agbadje et al.,
2018). On some occasions, antioxidants are also sometimes included as additional components of the culture
medium (Hoyos et al., 2008; Villegas et al., 2008; Uzcéategui et al., 2010).
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Based on the tests carried out on in vitro micropropagation of plantain at the CIAB of the National Open and
Distance University (UNAD), a protocol for disinfection of apical meristems obtained from the corms of the
plantain variety Dominico Hartén was adopted according to the study by Waman et al. (2015). The modification of
the protocol and its variants presents 16 steps in which those between 13 and 16 must be carried out in a laminar
flow cabinet to avoid re-contamination of plant material and the MS culture medium (BAP 4 mg L-1 and IAA 1 mg
L-1) as shown in Table 1.

Table 1:- Explant disinfection protocol.

Step Description Concentration Time

1 Initial rinse with soapy water (with the help of a | - -
brush, the surface of the plant material is washed)

2 Wash with soapy water (with the help of a brush, the | - 15 min
surface of the plant material is washed)

3 Wash with tap water - -

4 Cut - -

5 Wash with Tween 80 10% 15 min

6 Wash with sterile distilled water - -

7 Cut - -

8 Immerse in bactericide (streptomycin + penicillin) 200mg L* 1 hour

9 Cut - -

10 Dip in broad spectrum fungicide 1,5mL L 30 min

11 Wash with sterile distilled water - -

12 Immerse in Quaternary ammonium 6% 10 min

13 Immerse in sodium hypochlorite 3% 15 min

14 3 washes with sterile distilled water - -

15 Cut 1,5cm * 1cm * 1cm - -

16 Seed - -

The corms used for in vitro cultivation were obtained from a nursery with health certification from the Colombian
Agricultural Institute (ICA) and reseeded in the greenhouse of the UNAD operational headquarters located in the
department of Risaralda (4°49°49""N 75 °40°13"" W; Dosquebradas 1469 m asl).

Some authors report the use of mercury bichloride (HgCl,) at a concentration of 0.1% P/P (Jafari et al., 2010;
Shahnawaz et al., 2014; Waman & Bohra, 2019) or 0.2% P/P (Roy et al., 2010) within the explant disinfection
protocols, such as those describing meristems obtained from the corm. The use of HgCl, offers broad viability and
feasibility to the establishment of the culture since it optimizes disinfection times (contact time less than 14 min)
with a survival of > 80% (Canchignia et al., 2008; Shahnawaz et al., 2014; Ferdous et al., 2015).

Nature and Composition of the Culture Medium. The composition of the culture medium and its contact with the
tissues and oxygenation influence the multiplication capability of the explants (Lopes de Siqueira et al., 2013). In
general terms, all culture media have five main components: (1) carbon sources, (2) minerals, (3) vitamins, (4)
gelling agents, and (5) growth regulators (Roca & Mroginski, 1991; Galan et al., 2018). The most frequently used
culture medium for in vitro plantain propagation is the one developed by Murashige and Skoog (MS) because its
formulation meets the nutritional requirements of the species; however, other commonly used media, such as B5
from Gamborg (Gamborg et al., 1968) that is especially used for cell and protoplast culture and contains a lower
concentration of nitrates compared to MS, Chu’s N6 medium (Chu et al., 1975), and WH medium (White, 1943),
which is the most dilute medium of the ones described above and is therefore almost always used as a complement
to MS.

In terms of consistency, culture media can be liquid, semi-solid, or solid, and the behavior of the explant in the
culture medium depends on the type of tissue and the stage of development. In bananas, the initiation phase can be
carried out in a liquid medium, and subsequently, the subcultures are prepared in a semi-solid medium. Liquid
media are easier and faster to prepare, cheaper, and provide greater homogeneity of easily diffusing components. In
this sense, a higher multiplication rate of explants in liquid medium has been reported by a stationary system with
volumes of 25 mL per flask compared to other systems. The medium is periodically renewed to favor oxygenation
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(Lopes de Siqueira et al., 2013). On the other hand, Lemos et al. (2001) found that liquid media, both stationary and
during agitation, promotes greater explant development by allowing a greater contact of the tissues with the medium
so that the nutrients can penetrate all parts of the explants (Lemos et al., 2001).

One of the limitations of liquid media is the difficulty in acclimatizing plants to external conditions, which is why
this type of medium is generally used only in the initial phase of culturing. However, other researchers have found
that using a SIT temporary immersion method, it is possible to propagate large numbers of plantains in vitro in
liquid media without observing any negative effects on the resulting plants and also to cause a reduction in the high
rates of tissue oxidation that the process entails. The use of a static immersion system allows for the achievement of
the greater proliferation of healthy explants and automation of some of the steps in the micropropagation process.
(Villegas et al., 2008; Pérez et al., 2013).

Eyebrows et al. (2011) and Basail et al. (2013) found that the highest multiplication rate and the lowest incidence of
oxidative stress in Vianda plantain occurred with immersion times of 10 min every 6 h (Cejas et al. 2011; Pérez et
al. 2013), while Colmenares & Giménez (2003) found the best results with 2 min immersions every 4 h with an
increase in the multiplication rate between 2.6 and 3.5 times higher compared to the multiplication rate in a solid
medium in the Hart6n variety. These authors also found that Musaceae containing the Musa acuminata genome
responded better to in vitro cultures in SIT than did the wild species, Musa balbisiana (Colmenares & Giménez,
2003).

Growth Regulators. Induction, growth control, and morphogenesis are influenced by the hormonal relationships
used in the culture medium, associations that in turn seem to be influenced by genetic factors (Canchignia et al.,
2008; Villegas et al., 2008; Rios et al., 2013), which is why the concentrations and types of hormones used in each
of the development stages of the in vitro explant varies greatly from one variety to another. In addition, whether
obtaining shoots by directly or by prior callus formation is desired is also a factor in choosing a culture medium.
Table 2 summarizes some of the culture media and hormone concentrations that have been successfully tested in the
micropropagation of AAB bananas.

Table 2:- Different types of media and doses of hormones according to variety and stage of development of the
explant for micropropagation from apical and axillary buds in AAB plantain by direct organogenesis.

Variety Media Development phase Cite
type Establishment Multiplication Rooting
Maquefio Solid 5mg L BAP MS + 20 g | Soil (Canchignia et
+1,2mg L1 3-IAA | saccharose + 1g al., 2008)
activated carbon
Dominico Solid MS + BAP Img L" | MS + BAP 5mg L" | MS + BAP 0,5mg | (Hoyos et al.,
Harton 4+3-1AA02mg Lt | 1+3-IAA0,3mg Lt | L+ 3-IAA 5mg L | 2008)
1
Harton Liquid or | MS + coconut | MS + BAP 5mg L (Camolesi et al.,
temporary | water  15%  + | + Cysteine 60mg L- 2010)
immersion | pantothenic acid | ! + ascorbic acid
system img L* + Biotin | 100mg L*
(TIS) 0,0lmg L' +
Thiamine 1mg L*
Maca Solid MS/2 for | MS/2 for | MS/2 for | (Camolesi et al.,
macronutrients  + | macronutrients  + | macronutrients 2010)
BAP 1,0mg L*! BAP 2,5mg L
Cambur Solid MS + 50mg L'|{MS + 75mg L?* (Rios et al.,
Manzano ascorbic acid + | ascorbic acid + 2013)
BAP 5mg L™ BAP 2,5mg L?
Harton Solid MS + Morels | MS + Morel's | MS +  Morel's | (Uzcategui et al.,
vitamins (100mL L- | vitamins (100mL L | vitamins (100mL L- | 2010)
D +5mg LT BAP | Y + 5mg LT BAP | Y + 5mg L' BAP
and 1,30mg L IBA | and 1,30mg L* IBA | and 1,30mg L IBA
Musa Solid MS/2 + Activated | MS/2 + BAP 2mg (Sepulveda et al.,
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balbisiana carbon L+ 3-IAA 0,5mg 2008)
L—l
INIVITPV- Liquid TIS MS + BAP 2,0mg (Basail et al.,
2011 L+3-IAA  3,5mg 2013)
L + ascorbic acid
10mg L
Magca Liquid or MS+ BAP 7mg L- (Lopes de
stationary 1y 1- Siqueira et al.,
Naphthaleneacetic 2013)
acid (NAA) 1mg L~
1
Musa Solid MS + BAP 4mg L | MS + BAP 4mg L | MS + BAP 4mg L | (Waman et al.,
acuminata x +1mg Lt IAA +1mg LT IAA +1mg Lt IAA 2015)
Musa
balbisiana
Rasthali Solid MS + BAP 4mg L? | MS + BAP 4mg L | MS + BAP 4mg L? | (Uma et
AAB—Silk +0,2mg L™! +0,2mg L*! +0,2mg L! al.,2021)

According to Table 2, the differences found in the in vitro multiplication coefficient in the different banana varieties
when exposed to different doses and hormonal relationships at different stages of explant development are presumed
to be the product of genetic variability within a species; therefore, these responses depend on gene regulation
mechanisms influencing shoot regeneration (Rios et al., 2013).

High levels of 6-benzylaminopurine (BAP) in the medium and its accumulation in explant tissues have been shown
to inhibit shoot formation. Oliveira et al. (2016) found low proliferation of Macé variety plantain shoots (1.54 shoots
per explant) when using doses of 7 mg L of BAP in the culture medium. Some researchers agree that the
concentration of BAP should be around 2.5 to 5.0 mg L-1 (Lopes de Siqueira et al., 2013) during the initial and
multiplication stages. Other authors report good results with concentrations of 0.5 and 1 mg L. During the growth
and development stages of the explant, different protocols have been tested in which the concentration of BAP is
suppressed or reduced and/or complemented or replaced by different doses of auxins, especially by acid-3-indole
acetic (3-1AA) or indole butyric acid (IBA) with the cytokinin/auxin ratio responsible for inducing proliferation of
axillary buds.

According to Garcia et al. (2006), in cultivars with a high apical dominance, it is necessary to prepare several
subcultures with high doses of BAP during the initial stage before passing the explants to the culture medium to
obtain adventitious buds (Garcia et al., 2006).When using the initial protocol proposed by Orellana et al. (2002)
consisting of MS + BAP 4.0 mg L-1 + 3-IAA 0.65 mg L-1 and sucrose 30 g L-1 followed by MS medium
supplemented with 1 mg L of thidiazuron (TDZ) during the multiplication stages, it was shown to be possible to
prevent apical dominance in the Gran Enano variety with a single subculture in the initial stage (25 days) and obtain
high proliferation of adventitious buds in 60 days in the second subculture (Orellana et al., 2002). The dose of TDZ
should not exceed a concentration of 1 mg L since it has been shown that at higher doses, elongation and root
formation in shoots are inhibited at higher concentrations.

The concentration and type of phytohormones in the formulation of culture media for the in vitro propagation of
Musaceae on a large scale is variable and its adjustment is multifactorial. This type of formulation is necessary
because the adjustment depends on the plant variety to be cultivated, the osmotic stress to which the plant tissues are
subjected during explant disinfection, and the environmental conditions under which the culture is established
(Waman & Bohra, 2019). When the indirect organogenesis pathway is chosen, the initial medium is supplemented
with BAP and other cytokinins such as kinetin, zeatin, and TDZ, and with auxins, such as 3-1AA and IBA, which are
subsequently replaced by variable doses of 2,4-dichlorophenoxyacetic acid (2,4-D) ranging between 1 and 5 mg L™
to induce callus proliferation.

Phenolic Oxidation of Explants. The main cause of death of plantain explants planted in vitro is oxidation, which
can be defined as the oxidation by free radicals of different cellular components and oxidation of phenolic
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compounds catalyzed by the enzyme polyphenol oxidase (PPO) to produce quinones, which are highly reactive
chemical species that can generate explant damage and lead to cell death (Azofeifa-Delgado, 2008).

Thus, phenolic oxidation causes tissue blackening due to the action of enzymes, such as PPOs and tyrosinases, that
are released when tissues are injured; these enzymes cause oxidation of polyphenols and tyrosine into quinones that
are phytotoxic, can polymerize, affect proteins, and consequently, inhibit the growth and viability of explants
(Villegas et al., 2008).

Apart from explant darkening, oxidative stress has been related to the triggering of other physiological,
morphological, epigenetic, and genetic disorders, such as recalcitrance, hyperhydricity, somaclonal variation, and
habituation, that occur in cultured explants, (Azofeifa-Delgado, 2008). Oxidation in the case of plantains can lead to
the death of cauline tips in the initial stages of development or interfere with performance during the multiplication
phase (Camolesi et al., 2010). These researchers also proved that the production of phenoloxidase in plantain
explants changes depending on plantain variety with some species being more susceptible than others to tissue
phenolic oxidation.

It has been found that by planting plantain explants in a liquid medium in SIT temporary immersion systems
(Villegas et al., 2008; Diaz & Castro, 2011; Pérez et al., 2013) and liquid media with or without agitation
(Rodriguez et al., 2004; Ortega et al., 2010; Lopes de Siqueira et al., 2013), it is possible to prevent a large
percentage of explant death due to oxidation. Frequent reseeding every 7 or 15 days for both stationary liquid media
and semi-solid media, addition of activated carbon to the culture medium (Medina et al., 2015), initial growth of
explants in the dark, initial growth of explants in medium, such as MS, that is diluted to half the concentration
and/or devoid of Cu, Fe, and Zn (Azofeifa-Delgado, 2008) can help reduce the percentage of explant loss due to
oxidation. In addition, a decrease in the concentration of the disinfectant solution and explant immersion times and
treatment with antioxidant solutions are practices that can also help reduce oxidation-induced losses.

Environmental Factors. Light exposure has a direct influence on the development of explants. Cell differentiation
and development under different conditions of light intensity and photoperiods appear to be genetically regulated. A
photoperiod of 12 to 16 h with 1,000 to 3,000 lux was shown as sufficient to induce organogenesis (Litz & Jarrett,
1991) and has also been proven to be effective in different investigations carried out on banana micropropagation.
The presence of light increases the accumulation of starch in cultured tissues, a process that is necessary for the
formation of shoot primordia. Different photoperiods can also affect internal levels of growth regulators (Litz &
Jarrett, 1991).

According to Azofeifa (2008), tissue oxidation can be reduced by obtaining the buds of mother plants that grow
under conditions of low light intensity in the field and in the case of explants from in vitro plants, buds of etiolated
plants that have been grown under dark conditions (Azofeifa-Delgado, 2008). This oxidation occurs because a high
light intensity causes the amount of energy received by the chloroplast to be greater than that required for CO-
fixation during photosynthesis; therefore, excess energy is captured by alternate electron acceptors and stimulates
the formation of reactive oxygen species (ROS). Some research has shown that in vitro plantain cultures in the initial
stage of explant establishment in the absence of light for periods ranging from 48 hours to 28 days (depending on
the protocol) tissue oxidation is minimized (Florio et al., 1970; Sepulveda et al., 2008). During the stages of
differentiation, multiplication, and development, it has been found that photoperiods of between 12 and 16 h with
light intensity between 30 and 68 pumol m2 s provide optimal conditions for in vitro plant regeneration. On the
other hand, some researchers have found that the absence of light promotes callus formation, while its presence
stimulates the development of axillary buds (Radice, 2010).

Temperature conditions depend on the species to be micro-propagated. In general, for the in vitro cultivation of
plantain, most protocols report good results with temperatures between 24 and 30 °C, coinciding with the optimal
temperatures for the development of these crops in the field.

On the other hand, relative humidity (RH) is directly related to dehydration of the explant; therefore, it is necessary
to maintain the RH within the range between 80% and 90%. These percentages vary depending on the seal of the
container so that in hermetically sealed containers, the RH approaches a value of 100%, while in containers with
semi-permeable seals, the value can drop to 50% at which point the viability of the explant is compromised.
Viability also depends on the conditions of the environmental humidity in the growth room. Notwithstanding all of
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the above factors, very little research has been dedicated to establishing differences in the rates of multiplication and
establishment of in vitro plantain plants by varying the environmental conditions of light, temperature, and RH and
their relationships with the plantain genotype to be micro-propagated.

Currently, it has been suggested that success in the initiation of in vitro cultures of AAB Musaceae is directly
associated with the explant season. Microbial interference can cause up to 90% mortality when initiation occurs
during the rainy season, whereas the success rate increases during the drier months of the year (Josekutty et al.,
2003; OS et al., 2010; Roy et al., 2010; Waman et al., 2015). The microbial load within the culture laboratory also
varies with the season, resulting in concomitant increases in culture contamination during the rainy season (Patil et
al., 2010). These results are consistent with the observations made at the CIAB of the UNAD in which only four
seedlings successfully survived based on the contamination until reaching the phases of the primary and secondary
establishment regardless of the disinfection protocol that was adapted for the establishment of the in vitro culture
using 135 experimental corms of plantain. These corms and the in vitro establishment of the meristems were
obtained in the municipality of Dosquebradas, Risaralda (4°49'49" N — 79°40'13" W) in which according to data
from the Institute of Hydrology, Meteorology, and Environmental Studies (IDEAM), high volumes of precipitation
are recorded, ranging between 2,000 and 2,500 mm per year, and the climate is humid (IDEAM, 2015).

Conclusion:-

In conclusion, the climate conditions under which the initial explant material is developed directly affect the
susceptibility of the explant to damage due to completion and microbiological contamination since higher humidity
conditions favor the microbiological load of the soil and consequently, the success of explant. In this sense, it can be
said that the plant material obtained in the field in the municipality of Dosquebradas, Risaralda is not viable to be
micro-propagated in vitro (Waman & Bohra, 2019). Thus, it is convenient to obtain the explant material from
greenhouses under optimal conditions, which comply with the ICA regulations for plantain nurseries and guarantees
a better-quality material. Additionally, genetic variability directly affects the response to the proliferation of axillary
shoots in banana plants grown in vitro under different concentrations and ratios of growth regulators. Likewise, high
proliferation and dissemination of the plantain disease, Moko, have established a need for reliable protocols for
plantain micropropagation to provide farmers with certified planting material free of Moko and other diseases.

Conflict of interest:
The manuscript was prepared and reviewed by all the authors, who declare the absence of any conflict that could put
the validity of the results at risk.

References:-

1. AGBADIJE, E.; AGBIDINOUKOUN, A.; ANDJANAKOU-TACHIN, M.; CACAI, G.; HOUEDIJISSIN, S.;
AHANHANZO, C. 2018. Effect of drying plantain (Musa spp.) suckers prior to in vitro culture on reduction of
lethal browning. International Journal of Agricultural Policy and Research. 5(12):192-200.

2. AHMED, S.; SHARMA, A.; SINGH, A.K.; WALLI, V.K.; KUMARI, P. 2014. In vitro multiplication of banana
(Musa  sp.) CV. Grand Naine. African Journal of Biotechnology. 13:2696-2703.
https://doi.org/10.5897/AJB2014.13750.

3. ARANZAZU, F.; VALENCIA, J.; ARCILA M.; CASTRILLON, C.; BOLANOS, M.; CASTELLANOS, P.;
PEREZ, J.; RODRIGUEZ J. 2005. El cultivo del platano: manual técnico. Corporacion colombiana de
investigacion agropecuaria — AGROSAVIA. (Colombia). 124p.

4. ARIAS, P.; DANKERS, C,; LIU, P.; PILKAUSKAS, P. 2004. La economia mundial del banano 1985-2002.
Organizacién de las NacionesUnidas para la Agricultura y la Alimentacién (FAO). (Italia). 107p.

5. AZOFEIFA-DELGADO, A. 2008. Problemas de oxidacién y oscurecimiento de explantes cultivados in vitro.
Agronomia Mesoamericana. 20(1):153-175. https://doi.org/10.15517/am.v20i1.4990.

6. BASAIL, M.; MEDERO, V.; TORRES, M; LOPEZ, J.; SANTOS, A.; RAYAS, A.; BAUTA, M.; BEOVIDEZ,
Y.; ORTEGA, A. 2013. Nueva alternativa para la micropropagacion en inmersion temporal del cultivar de
platano vianda (AAB). Revista Colombiana de Biotecnologia. 15(1):98-107.

7. BELALCAZAR, S.; TORO, J.; JARAMILLO, R. 1991. El cultivo del platano (Musa AAB Simmonds) en el
trépico. Instituto Colombiano Agropecuario (ICA). 376p.

8. CALVA, G.; PEREZ, J. 2005. Cultivo de células y tejidos vegetales: fuente de alimentos para el futuro. Revista
Digital Universitaria. 6(11):16.

390


https://doi.org/10.5897/AJB2014.13750
https://doi.org/10.15517/am.v20i1.4990

ISSN: 2320-5407 Int. J. Adv. Res. 10(03), 382-393

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

CAMOLESI, M.; MARTINS, A.; SOUZA, L.; SACONI, C. 2010. Enraizamento in vitro de mudas
micropropagadas de bananeira (Musa sp.) em diferentes meios de cultivo. Ciéncia e Agrotecnologia.
34(6):1446-1451. https://doi.org/10.1590/S1413-70542010000600013.

CANCHIGNIA, H.; TOAQUIZA, P.; RAMOS, L.; SIGCHA, E.; CARRANZA, S.; CEVALLOS FALQUEZ,
F.; SAUCEDO, G. 2008. Alternativas para la propagacion in vitro de platano variedad Maquefio (Musa
balbisiana AAB). Ciencia y Tecnologia. 1(1):43-48. https://doi.org/10.18779/cyt.v1il.62.

CEJAS, I.; CAPOTE, |.; ARAGON, E.; ESCALONA, M.; PINA, D.; GONZALEZ, J.; DEBERGH, P. 2011.
Optimizacion del protocolo de propagacion del platano cv. CEMSA % en Biorreactores de Inmersion Temporal.
Agrociencia. 15(1):13-18.

CHU, C.; WANG, C.-C.; SUN, C.; HSU, C.-T.; YIN, K; BI, F.-Y. 1975. Establishment of an efficient medium
for another culture of rice through comparative experiments on the nitrogen sources. Science of Sintering.
18(5):659-668.

COLMENARES, M.; GIMENEZ, C. 2003. Multiplicacién in vitroMusa spp. Mediante sistema de inmersion
temporal. Revista de la Facultad de Agronomia. 20(4):468-477.

DIAZ, J.; CASTRO, D. 2011. Propagacion clonal in vitro de plantas de banano (Musa AAA) clon Giant
cavendish en biorreactores de inmersién temporal. Revista Universidad Catolica de Oriente. 24(31):31-41.
DOMINGUES, E.; TULMANN, A.; MENDES, B. 1995. Cultura de 4pices caulinares de Musa sp. var. Macé:
estabelecimento, micropropagagdo e enraizamento in vitro. Scientia Agricola. 52(2):387-394.
https://doi.org/10.1590/S0103-90161995000200030.

FERDOUS, M.; BILLAH, A.; MEHRAJ, H.; TAUFIQUE, T.; UDDIN, D. 2015. BAP and IBA pulsing for in
vitro multiplication of banana cultivars through shoot-tip culture. Journal of Bioscience and Agriculture
Research. 3(2):87-95. https://doi.org/10.18801/jbar.030215.35.

FLORIO, S.; DE REAL, L.; MOGOLLON, N. 1970. Regeneracion in vitro del platano cv. “Harton gigante”
(Musa AAB). Boletin del Centro de Investigaciones Biol6gicas. 44(4):425-440.

FRENCH, E.; SEQUEIRA, L. 2001. Bacterial wilt or Moko disease (Pseudomonas solanacearum) of plantains
in Peru. Fitopatologia. 36(2):20-30.

GALAN, V.; RANGEL, A.; LOPEZ, J.; HERNANDEZ, J.; SANDOVAL, J.; ROCHA, H. 2018. Propagacion
del banano: técnicas tradicionales, nuevas tecnologias e innovaciones. Revista Brasileira de Fruticultura.
40(4):22. https://doi.org/10.1590/0100-29452018574.

GAMBORG, O.; MILLER, R.; OJIMA, K. 1968. Nutrient requirements of suspension cultures of soybean root
cells. Experimental Cell Research. (Estados Unidos). 50(1):151-158. https://doi.org/10.1016/0014-
4827(68)90403-5.

GARCIA, L.; PEREZ, J.; BERMUDEZ-CARABALLOSO, I.; ORELLANA, P.; VEITIA, N.; PADRON, Y ;
ROMERO, C. 2006. Nuevo protocolo para la rapida induccion de yemas adventicias y la regeneracion de
plantas en banano cv. “Grande naine” (Musa AAA). Biotecnologia Vegetal. (Cuba). 6(1):15-21.

HADDAD, G.; RODRIGUEZ, H.; PARGAS, R.: MANZANILLA, E.: MUNOZ, D. 1994. Multiplicacion del
platano Hartonenano (AAB) mediante secciones de cormos. Resimenes - Congreso Nacional de Frutales,
Maracay. Fondo Nacional de Investigaciones Agropecuarias (Venezuela). World Wide Web electronic
publication. Disponible desde Internet en: https://agris.fao.org/agris-search/search.do?recordID=VE2006400467
(con acceso el 19/10/2021).

HECTOR, E.; TORRES, A.; ALGOE, S.; CABANAS, M.; LOPEZ, A. 2007. Propagacion in vitro del platano
macho (Musa sp. AAB) clon sobrino con los bioestimulantes cubanos BB-6 y biostan como sustitutos de los
reguladores del crecimiento. Cultivos Tropicales. (Cuba). 28(1):13-18.

HOYOS, J.; PEREA, C.; VELASCO, R. 2008. Evaluaciéon del efecto de diferentes concentraciones de
fitohormonas en la micropropagacion del platano dominico harton (Musa AAB simmonds). Biotecnologia en el
Sector Agropecuario y Agroindustrial. (Colombia). 6(2):99-104.

INSTITUTO COLOMBIANO AGROPECUARIO (ICA). 2019. Resolucién 17334 de 2019 por medio de la
cual se establece el plan de bioseguridad y vigilancia fitosanitaria para la Marchitez por Fusarium en, predios de
produccion de platano y banano registrados ante el ICA para la exportacionen fresco. (Colombia).

INSTITUTO COLOMBIANO AGROPECUARIO (ICA). 2021. Resolucion 92770 de 2021 por medio de la
cual se establecen las medidas fitosanitarias para prevenir la diseminacion en el territorio nacional de la
enfermedad conocida como Moko del platano y banano, ocasionada por la bacteria Ralstonia solanacearum
Filotipo Il secuevares 3, 4y 6. (Colombia).

INSTITUTO DE HIDROLOGIA, METEOROLOGIA Y ESTUDIOS AMBIENTALES (IDEAM). 2015. Atlas
Climatolégico de Colombia — Interactivo - Analisis por Departamento — Risaralda. World Wide Web electronic

391


https://doi.org/10.1590/S1413-70542010000600013
https://doi.org/10.18779/cyt.v1i1.62
https://doi.org/10.1590/S0103-90161995000200030
https://doi.org/10.18801/jbar.030215.35
https://doi.org/10.1590/0100-29452018574
https://doi.org/10.1016/0014-4827(68)90403-5
https://doi.org/10.1016/0014-4827(68)90403-5

ISSN: 2320-5407 Int. J. Adv. Res. 10(03), 382-393

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

publication. Disponible desde Internet en: http://atlas.ideam.gov.co/basefiles/risaralda_texto.pdf (con acceso el
27/10/2021).

JAFARI, N.; OTHMAN, D.; KHALID, N. 2010. Effect of benzylaminopurine (BAP) pulsing on in vitro shoot
multiplication of Musa acuminata (banana) cv. Berangan. African Journal of Biotechnology. 10(13):2446-2450.
10.5897/AJB10.1149.

JOSEKUTTY, P.; KILAFWSARU, T.; SALIC, S. 2003. Micropropagation of four banana cultivars in
Micronesiae. Micronesica Suppl. 7:77-81.

LEMOS, E.; FERREIRA, M.; ALENCAR, L.; OLIVEIRA, J.; MAGALHAES, V. 2001. Micropropagacio de
clones de banana cv. terra em biorreator de imersdo temporaria. Revista Brasileira de Fruticultura. 23(3):482-
487. https://doi.org/10.1590/s0100-29452001000300006.

LITZ, R.; JARRET, R. 1991. Regeneracién de plantasen el cultivo de tejidos: Embriogénesis somatica y
organogénesis. En: Roca William M.; Mroginski, Luis A. (eds.). Cultivo de tejidos en la agricultura:
Fundamentos y aplicaciones. Centro Internacional de Agricultura Tropical No. 151. (Cali, Colombia). p.143-
172.

LOPES DE SIQUEIRA, D.; DOS SANTOS, D.; CHAMHUM SALOMAO, L.; FONSECA, E.; SILVA, F.; DE
JESUS BARROS, Z. 2013. Micropropagacdo da bananeira ‘Maca’, cultivada in vitro em diferentes volumes de
meio liquido. Revista Ceres. 60(6):745-751. https://doi.org/10.1590/S0034-737X2013000600001.

MA, S.; SHII, C. 1972. In vitro formation of adventitious buds in banana shoot apex following decapitation.
Journal of the Chinese Society for Horticultural Science. 18:135-142.

MEDINA, M.; MEDINA, C.; MEDINA, L.; 2015. Propagacion in vitro de Musa acuminata (Simmunds)
platano bocadillo del Choc6, Colombia, a partir del cultivo de meristemos apicales. Revista Biodiversidad
Neotropical. 5(1):47-53.

MINISTERIO DE AGRICULTURA (MINAGRICULTURA). 2021. Cadena de Platano - Direccion de Cadenas
Agricolas y Forestales. Disponible desde internet en:
https://sioc.minagricultura.gov.co/Platano/Documentos/2021-03-31%20Cifras%20Sectoriales.pdf (con acceso
el 18/11/2021).

NWAUZOMA, A.; JAJA, E. 2013. A review of somaclonal variation in plantain (Musa spp.): mechanisms and
applications. Journal of Applied Biosciences. 67:5252-5260. https://doi.org/10.4314/jab.v67i0.95046.
OLIVEIRA, J.; SALOMAO, L.; SIQUEIRA, D.; Cecon, P. 2016. Cold tolerance of banana fruits of different
cultivars. Revista Caatinga. 29(3):629-641. https://doi.org/10.1590/1983-21252016v29n313rc.

OLMOS, S.; LUCIANI, G.; GALDEANO, E. 2010. Micropropagacion. En: Levitus, G.; Echenique, V.;
Rubinstein, C.; Hopp, E.; Mroginski, L. (eds). Biotecnologia y Mejoramiento Vegetal Il. ArgenBio (Argentina).
p.353-362.

ORELLANA, P.; GARCIA, L.; BERMUDEZ, I.; VEITIA, N.; ROMERO, C. 2002. Mangjo de hijos y apices de
cultivares de Musa spp. para iniciar la micropropagacién y comportamiento durante seis subcultivos in vitro.
Biotecnologia Vegetal. 2(2):77-81.

ORGANIZACION DE LAS NACIONES UNIDAS PARA LA ALIMENTACION Y LA AGRICULTURA.
2020. COVID-19: Crecimiento de las exportaciones de frutas y verduras en comparacion con el crecimiento
total de las exportaciones. (Chile). 1p. World Wide Web electronic publication. Disponible desde Internet en:
https://doi.org/https://doi.org/10.4060/ca9270es (con acceso el 04/11/2021).

ORTEGA, N.; KORNEVA, S.; RUIZ, O.; SANTOS, E.; PERALTA, E. 2010. Obtencion de Multimeristemos y
Callos de Diferentes Variedades de Banano y Platano (Musa spp.) a partir de «MeristemosApicales» y
«Scalps». Revista Tecnoldgica ESPOL. 23(1): 99-104.

PATIL, A.; VASANE S.; MOHARIR, K.; KOTHARI, R. 2010. Contamination control and disease
management of banana ‘Grande Naine’ plantlets. Acta Hortic. 865:247-253.
https://doi.org/10.17660/ActaHortic.2010.865.31.

PEREZ, M.; MERDERO, V.; TORRES, M.;: TORRES, J.; PINO, A.;: CABRERA, A.; TOLEDO, M.; GARCIA,
Y.; ORTIZ, A. 2013. Nueva alternativa para la micropropagacion en inmersion temporal del cultivar de platano
vianda "INIVITPV-2011"(AAB). Revista Colombiana de Biotecnologia. 15(1):98-107.

PEREZ-BERNAL, M.; ARMAS, R.; DELGADO, M.; HERNANDEZ, C. 2008. Organogénesis indirecta a
partir de meristemos apicales caulinares de la variedad cubana de arroz Reforma. Cultivos Tropicales. 29(1):23-
28.

RADICE, S. 2010. Morfogénesis. En: Levitus, G.; Echenique, V.; Rubinstein, C.; Hopp, E.; Mroginski, L.
(eds). Biotecnologia y Mejoramiento Vegetal Il. ArgenBio (Argentina). p.26-33.

392


https://doi.org/10.1590/s0100-29452001000300006
https://doi.org/10.1590/S0034-737X2013000600001
https://doi.org/10.4314/jab.v67i0.95046
https://doi.org/10.1590/1983-21252016v29n313rc
https://doi.org/10.17660/ActaHortic.2010.865.31

ISSN: 2320-5407 Int. J. Adv. Res. 10(03), 382-393

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

RIOS, G.; ANEZ, N.; RAMIREZ, M.; BRACHO, B.; ARAUJO, D.; SUAREZ, H.; NAVA, J. 2013. Cultivo in
vitro de yemas, tratadas con benciladenina, provenientes de cormos enteros o seccionados de platano
Camburmanzano. Bioagro. 25(2):137-142.

ROCA, W.; MROGINSKI, L. 1991. Cultivo de tejidos en la agricultura: fundamentos y aplicaciones. Ed.
Centro Internacional de Agricultura Tropical CIAT (Cali). 969p.

RODRIGUEZ, A.; RODRIGUEZ, A.; QUINTERO, S.; TORRES, DE LOS A, M.; FUNDORA, Z. 2004.
Influencia de los medios de cultivo en la micropropagacion de platano (Musa spp.) y malanga (Xanthosomas
agittifolium schott). Cultivos Tropicales. 25(1):23-26.

ROY, O.; BANTAWA, P.; GHOSH, S.; TEIXEIRA, J.; DEBGHOSH, P.; MONDAL, T. 2010.
Micropropagation and field performance of ‘Malbhog’ (Musa paradisiaca, AAB group): a popular banana
cultivar with high keeping quality of northeast India. Tree and Forestry Science and Biotechnology. 4(1):52-58.
SANDOVAL-CANCINO, G.; DONJUAN, L.; CRUZ, C.; DE, M., ADRIANO-ANAYA, L.; LOPEZ-GOMEZ,
P.; SANDOVAL-ESQUIVEZ, A. 2013. Efecto de biofertilizantes sobre la tolerancia de banano a la
desinfeccion e induccion de organogénesis. Revista Chapingo Serie Horticultura. 19(2):183-196.
https://doi.org/10.5154/r.rchsh.2011.08.042.

SEPULVEDA, N.; RIVAS, M.; MURILLO, M. 2008. Propagacionin vitro de musaceas del Choc6 a partir del
cultivo de meristemas radiculares. Revista Institucional Universidad Tecnoldgica del Choc6. 27(1):96-99.
SHAMOUN, S. 2004. Introduction to Plant Tissue Culture. Second Edition. By M K Razdan. Enfield (New
Hampshire): The Quarterly Review of Biology. 79(2):208-209. https://doi.org/10.1086/423074.

SOTO, M. 1985. Bananos: cultivo y comercializacion. Ed. Ministerio de Agricultura y Ganaderia (Costa Rica).
627p.

UMA, S.; KARTHIC, R.; KALPANA, S.; BACKIYARANI, S.; SARASWATHI, S. 2021. A novel temporary
immersion bioreactor system for large scale multiplication of banana (Rasthali AAB—Silk). Scientific Reports.
11:20371. https://doi.org/10.1038/s41598-021-99923-4.

UZCATEGUI, J.; HERNANDEZ, Y.; OSORIO, D.; RIVAS, M. 2010. Evaluacion del comportamiento in vitro
de apices de platano Musa AAB cv. “Harton” y “Hartén Doble Tallo”. Produccion Agropecuaria/Biotecnologia.

3(1):7-12.
VARGAS-CALVO, A.; ACUNA-CHINCHILLA, P.; VALLE-RUIZ, H. 2015. La emision foliar enplatano y su
relacion con la diferenciacion floral. Agronomia Mesoamericana. 26(1):119-128.

https://doi.org/10.15517/am.v26i1.16935.

VILLEGAS, Z.; GIMENEZ, C.; VILCHEZ, J.; MORENO, M.; SANDOVAL, L.; COLMENARES, M. 2008.
Oxidacién en la induccion de la embriogénesis somaética a partir de flores masculinas inmaduras de Gran Enano
(Musa AAA). Revista de la Facultad de Agronomia. 25(3):570-588.

VINAS, M.; JIMENEZ, V. 2011. Factores que influyen en la embriogénesis somatica in vitro de palmas
(Arecaceae). Revista Colombiana de Biotecnologia. 13(2):229-242 https://doi.org/10.15446/rev.colomb.biote.
VOORA, V.; LARREA, C.; BERMUDEZ, S. 2020. Global MarketReport: Bananas. The International Institute
for Sustainable Development. Disponible desde Internet en: https://www.iisd.org/system/files/publications/ssi-
global-market-report-banana.pdf (con acceso el 04/11/2021).

VUYLSTEKE, D.; DE LANGHE, E. 1985. Feasibility of in vitro propagation of bananas and plantains.
Tropical Agriculture. 62(4):323-328.

WAMAN, A.; BOHRA, P. 2019. Factors Governing Success in Shoot Tip Culture of Bananas with Special
Reference to  Mixed  Genomic  Groups: An  Overview. Erwerbs-Obstbau.  61(1):9-21.
https://doi.org/10.1007/s10341-018-0391-9.

WAMAN, A.; BOHRA, P.; SATHYANARAYANA, B.; UMESHA, K.; MUKUNDA, G.; ASHOK, T,
GOWDA, B. 2015. Optimization of factors affecting in vitro establishment, ex vitro rooting and hardening for
commercial-scale multiplication of silk banana (Musa AAB). Erwerbs-Obstbau. 57(3):153-164.
https://doi.org/10.1007/s10341-015-0244-8.

WHITE, P. 1943. Nutrient deficiency studies and improved inorganic nutrients for cultivation of excised tomato
roots. Growth. 7:53-65.

393


https://doi.org/10.5154/r.rchsh.2011.08.042
https://doi.org/10.1086/423074
https://doi.org/10.1038/s41598-021-99923-4
https://doi.org/10.15517/am.v26i1.16935
https://doi.org/10.15446/rev.colomb.biote
https://doi.org/10.1007/s10341-018-0391-9
https://doi.org/10.1007/s10341-015-0244-8

