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Abstract

The aim of this study was to determine the concentration and exposure time to NaCl suitable for the
micropropagation of banana, through the analysis of growth traits. Banana propagules were inoculated in MS
medium with different concentrations of NaCl (0; 50; 75 and 100 mM) for 120 days (multiplication and rooting,
60 days each), with monthly subcultures. These propagules were measured for plant height, number of leaves,
sprouting rate, average number of formed propagules, rooting rate, root length and survival rate. After 30 days,
NaCl reduced sprouting rate at multiplication; the number of leaves, rooting rate and root length in rooting; and
the height and propagules number in both phases. After 60 days, the NaCl affected the sprouting rate and
propagules number in the multiplication; length of root in rooting; and the height and number of leaves in both
phases. After 120 days, the reduction in the survival rate was proportional to the increase of NaCl in the medium.
Thus, it is concluded that NaCl reduces most of the growth traits and the treatments with 75 and 100 mM NaCl
affected multiplication and in vitro rooting more intensely.
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1. Introduction

Brazil is the third largest fruit producer in the world, with banana cultivation having highest ranking with an
average annual production of 6.7 million tons (IBGE, 2017). Banana cultivation is widely exploited in the
irrigated perimeters of the Northeast of Brazil and has been expanding in arid and semi-arid regions where soil
salinity is associated with low precipitation, high surface evaporation, brackish irrigation and poor cultivation
practices.

Around 20% of total cultivated land and 33% of irrigated agricultural land is estimated to be affected by high
salinity worldwide (Shrivastava & Kumar, 2015). Soil salinity is one of the main environmental factors that limit
global agricultural production (Bessa, Lacerda, Amorim, Bezerra, & Lima, 2017), interfering with water supply
and nutrients which mainly affects the development, growth and survival of plants (Cavalcante, Cordeiro,
Nascimento, Cavalcante, & Dias, 2010).

One of the strategies to overcome the problems caused by salinity is to increase salt tolerance of agricultural
species through conventional breeding and/or genetic engineering (Arzani & Ashraf, 2016). As a result,
somaclonal variation associated with in vitro selection pressure has been widely used in breeding programs
(Anwar, Kikuchi, & Watanabe, 2010). Studies with different species show that these techniques are considered
viable alternatives in the production of varieties more resistant to salinity (Udomchalothorn, Plaimas, Comai,
Buaboocha, & Chadchawan, 2014) and drought (Maftuchah & Zainudin, 2015).

Among the main mechanisms used by plants to overcome salinity problems, the accumulation of compatible
solutes act as osmoprotective compounds and contribute to osmotic adjustment, helping to resistance of plants
under stress conditions (Bundig et al., 2017). Proline is one of the main osmoprotectants that acts on membrane
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stabilization and avoids the degradation of proteins under stress conditions, playing an important role in the
osmotic adjustment (Farooq, Wahid, Kobayashi, & Fujita, 2009).

Due to large declines in productivity in salinised areas, research has been done in the search for genotypes that
are more resistant to salinity and, in the specific case of bananas, that improve characteristics to those that are
already genetically resistant to pests, such as Caipira (AAA), which is resistant to yellow sigatoka, black
sigatoka, rhizome-borer and panama disease (Ramos, M. Leonel, & S. Lenoel, 2009).

Especially in banana cultivation, the use of micropropagated seedlings is of great importance in production
systems, mainly due to rapid multiplication which guarantees the physiological, genetic, phytosanitary and
uniformity of the crop (Oliveira, Pereira, Nietsche, Soouza, & Costa, 2014). However, before performing in vitro
selection, it is necessary to identify the degree of resistance of the species when subjected to the stress factors,
which determines the doses of the selected agent to be added to the culture medium.

Studies carried out with in vitro grown diploid genotypes of banana showed that the presence of NaCl in the
culture medium significantly reduced the number of leaves, height, pseudocaule diameter and leaf area, and also
the fresh and dry phytomass of both shoots as well as the root portion (Silva et al., 2009). In addition, in bananas
of the Nanicdo cultivar (Musa spp. AAA), a concentration of 120 mM NaCl reduced the number and size of the
buds and the regeneration rate of plants in vitro (Ulisses et al., 2000). With the Grand Naine cultivar, the increase
in saline levels in in vitro cultivation significantly reduced leaf length, umber of leaves, fresh matter yield, shoot
number and bud survival rate (Macédo et al., 2005). Although the study was carried out on the banana tree, the
studied cultivars and the doses of NaCl used were different from those used by Ulisses et al. (2000) and Silva et
al. (2009), thus showing that the in vitro response is to cultivar- and dose-dependent. Therefore it is necessary to
carry out preliminary studies to determine the dose of NaCl added to the culture medium.

Thus, the objective of this study was to determine a NaCl concentration, and a duration of exposure to salt,
suitable for studies involving micropropagation of the banana cv. Caipira, with an emphasis on characterising the
effects of salinity on growth, water status and osmotic adjustment indicators.

2. Method

Propagules of banana (Musa spp. cv. Caipira), from the germplasm of the Empresa de Pesquisa Agropecuaria do
Rio Grande do Norte (EMPARN-Jiqui), with an average age of two months, were obtained in vitro. The study
was divided in two stages that comprise the micropropagation, one referred to as multiplication and the second
as the rooting stage.

During the multiplication phase, two-month-old defoliated banana propagules measuring approximately 1.0 cm
were inoculated in MS medium (Murashige & Skoog, 1962) supplemented with 200 mg L™ of inositol, 30 g L™
of sucrose, 4.5 mg L' of 6-Benzylaminopurine (BAP), and containing different concentrations of NaCl (0 mM
for the control; 50, 75 and 100 mM). The medium was solidified with 2 g L™ of Phytagel™ and the pH adjusted
to 5.7. The flasks, containing 40 mL of the nutrient medium, were sterilised for 20 min at 1.5 atm and then the
propagules were inoculated in the different saline treatments. Twenty-five propagules were distributed per
treatment, and one seedlot per inoculum was inoculated, totaling 100 experimental units. The flasks containing
the propagules were kept in a growth room at a temperature of 25+5 °C, light intensity of 30 pmol m™ s™ and a
12/12 hours (light/dark) photoperiod for 60 days.

The propagules were subcultured every 30 days under aseptic laminar flow hood conditions and evaluated for
height, leaf number, sprouting rate [(seedlings/inoculated seedlings) x 100] and the mean number of seedlings
formed (total of propagules formed/number of propagules that formed new propagules). After 60 days in
multiplication medium, the propagules were transferred to the rooting medium with half of the nutrients
available in the MS solution and supplemented with 100 mg L' of inositol and 15 g L™ of sucrose. In the middle
of the rooting period, the same concentrations of NaCl (0, 50, 75 and 100 mM) were added and the medium was
solidified with 2 g L™ Phytagel™ (pH 5.7). The propagules remained for a further 60 days in the rooting medium
under the same environmental conditions described above. After 30 days, new subcultures were performed, with
growth analysis (height and number of leaves of the propagules, sprouting rate, average number of propagules
formed, and rooting rate [(inoculated plant/root propagating plant) x 100]). At the end of the 120 days of the
micropropagation stages, the survival rate of the initially inoculated propagules was calculated.

After 120 days of micropropagation, the banana propagules were divided into leaves and roots and both parts
were evaluated for water status indicators, represented by relative water content (RWC) and humidity (H), in
addition to the occurrence of electrolyte leakage (EL) and osmotic adjustment indicators, namely concentrations
of total soluble sugars (TSS), total free amino acids (TFAA) and proline (PRO).
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In order to verify the RWC, fresh mass (FM), turgid mass (TM) and dry mass (DM) were determined for shoots
and roots of each propagule. These values were included in the following mathematical expression of Irigoyen,
Emerich and Sanchez-Diaz (1992): RWC (%) = (FM-DM/TM-DM) x 100. The percentage humidity was
determined according to Slavick (1974) using the following equation: H (%) = [(FM — DM)/FM] x 100.

The EL was estimated according to Blum and Ebercon (1981). The aerial and root portions were soaked in
deionised water at room temperature (25+5 °C) for six hours with occasional stirring. After this period, the first
reading of the electrical conductivity of the bottled solution (L;) was established. Subsequently, the plant
materials were heated in a water bath at 100 °C for 1 hour and cooled to room temperature to perform the second
reading (L,) of EL. The EL (%) was determined using the equation: EL (%) = (L,/L,) x 100.

Levels of total soluble sugars (TSS) were determined by spectrophotometry using the phenol-sulphuric acid
method described by Dubois, Gilles, Hamilton, Rebers, and Smith (1956). Concentrations of TSS were
determined using a standard curve that was constructed using D-glucose, with absorption measured at 490 nm.
Results were expressed as pmol g dry mass. The concentration of total free amino acids (TFAA) was
determined according to the method described by Peoples, Faizah, Reakasem, and Herridge (1989), where TFAA
concentrations were determined using a standard curve that was constructed using L-glutamine, with absorption
measured at 570 nm. Results were expressed as umol g dry mass. The concentration of Proline (PRO) was
determined according to a methodology described by Bates (1973), where the concentrations of PRO were
determined using a standard curve that was constructed using L-proline, with absorption measured at 520 nm and
results were expressed as pmol g dry mass.

The experimental design used for the growth variables was a completely randomised design with four saline
treatments (0-control, 50, 75 and 100 mM NaCl) and 25 replicates for each exposure time, both in the
multiplication phase and in the rooting phase. The samples for three saline treatments (0-control, 50 and 100 mM
NaCl), with five replicates for each organ evaluated (leaf and root), were used to determine water status, EL and
osmoregulators.

The data were submitted to analysis of variance (F test) and the means for each exposure time were compared by
the Tukey test at the 5% probability level using Assistat statistical program (version 7.7 beta).

3. Results and Discussion

In the in vitro multiplication and rooting phases, the addition of NaCl to the culture medium caused a significant
reduction in the growth of banana (Musa spp. cv. Caipira) plants as indicated by the height, root length, average
number of live leaves, sprouting rate and rooting of propagules (Figure 1).

Figure 1. Bananeira Musa spp. cv. Caipira after 120 days of in vitro culture in the absence (control) and presence
of different concentrations of NaCl (50, 75 and 100 mM)

In the multiplication phase and with 30 days of stress, the propagules cultivated in the presence of NaCl grew
less in relation to the control. This effect was significant and directly proportional to the increase in salt dose. In
the presence of 100 mM NacCl, there was a more than 50% reduction in height of the propagules compared to
those cultivated in the absence of NaCl (0 mM-control). From 60 days, the height of the propagules cultivated
with 75 and 100 mM NaCl showed a reduction of approximately 27% and 69%, respectively, compared to the
control (Figure 2A). Such response is probably related to the osmotic component and/or the ionic component of
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the salinity (Kader & Lindberg, 2010). Similar results have been reported for other species, such as pineapple
(Melo et al., 2011) and rice (Theerawitaya et al., 2015), when cultivated in vitro and in the presence of NaCl. The
high concentration of Na" and CI” ions can cause disruption in water homeostasis and ionic imbalance, thus
promoting toxic effects in plant and consequently affecting plant growth (Tavakkoli et al., 2011).
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Figure 2. Height (A), number of leaves (B), sprouting rate (C) and shoot number (D) of banana propagules Musa
spp. cv. Caipira in absence (control) and presence of 50, 75 and 100 mM NacCl for 30 and 60 days of
multiplication. Means followed by the same letter at each exposure time do not differ significantly from each
other by the Tukey test at the 5% probability level

The addition of NaCl in the culture medium did not affect the vegetative growth as indicated by the number of
leaves during the first 30 days of stress in the multiplication phase (Figure 2B). However, in the 60-day period,
the number of leaves decreased with increasing NaCl dose. At the highest dose of NaCl (100 mM), although
there was no significant difference, the decrease was approximately 27% when compared to the control. Such a
decrease can be explained by a delay and/or inhibition in the production of new leaves and shoots. According to
Zhu (2001), the delay in the development of plants under saline stress may be due to low osmotic potential of the
solution, nutritional imbalance, ion-specific effect or a combination of these.

At 30 days of cultivation, in the absence of salt (0 mM-control), the propagules reached a budding rate of 100%
(Figure 2C). However, in the presence of NaCl, the capacity to regenerate new propagules was reduced. In the
first 30 days, with all NaCl concentrations, the reduction in sprouting rate ranged from 80% to 88%. Interestingly,
at 60 days of cultivation, sprouting rates in propagules grown in the presence of 50 and 75 mM NacCl increased
by 100% and 95%, respectively, whereas those grown in 100 mM did not regenerate new propagules (Figure 2C).
These results suggest that NaCl at moderate doses (50 and 75 mM) delays the regeneration of new propagules
and at high doses (100 mM) partially inhibits such regeneration. Similar results were observed in banana cv.
Grand Naine (Macédo et al., 2005) and in pineapple cv. MD Gold (Melo et al., 2011).

After 30 and 60 days of exposure to stress, the salt reduced the average number of propagules formed/buds
inoculated compared to the control. This decrease was significantly higher in the 100 mM NaCl dose (42%) and
there was no significant difference between the control, 50 mM and 75 mM NaCl treatments after 30 days in the
multiplication phase. After 60 days and in the presence of 75 and 100 mM NaCl, the reduction was
approximately 25% in relation to the control (Figure 2D). The gradual increase in NaCl concentration makes
water less available to the plant, reducing turgor and, consequently, growth due to a decrease in cell division and
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stretching (Skirycz & Inzé 2010). Similar results were observed in the banana cultivars Grand Naine (Macédo et
al., 2005), Nanicdo, Pacovan, IAC, Calcutta-4, Microcarpa, Borneo, Jaribuaia and S/N.2 (Carvalho et al., 2006),
and in the pineapple var. Smooth Cayenne (Brito et al., 2007) and cv. MD Gold (Melo et al., 2011). Damage
caused by salt stress includes delay, inhibition or atrophy in the appearance of the gems, being a common effect
in the vegetables exposed to salt (Macédo et al., 2005).

In relation of rooting, in the presence of NaCl, the growth of the propagules, evaluated by height, in both 30 and
60 days, were lower than the control group. This effect was more pronounced at higher concentrations of NaCl,
with more than 62% reduction in the height of the propagules at 100 mM NaCl (Figure 3A). It is probable that
the salt negatively affected the flow of water near the propagules, due to a reduction in the water permeability of
the medium and in the hydraulic conductivity. As a result, the permeability of the cell membranes and the water
inflow to the propagules are reduced (Kaneko et al., 2015). Due to these factors, cell expansion and cell division
can be reduced by the accumulation of salts in the cell wall and in the protoplasm, which can reduce turgor and
consequently growth, because saline stress reduces the activity of cyclin-dependent protein kinases which
participate in the cell cycle (Macédo et al., 2005).

030 days @60 days A 8 - 030 days @60 days B
20 1
20 5
a
a a a a a
15 b 86
= E ab ab
g & b
'§ 10 J b ; 4 4
2 d <
= 3
s | c Z
0 T T T 0 T T T
0 50 100 0 50 75 100
NaCl (mM) NaCl (mM)
030 days @60 days ¢ 030 days @60 days D
a a a a a a 10 4 a
100 ~ b b & a a
a 81 2 a
S 75 =
T 5, |
= )
oo 50 A S, b b
é S 4 4
5] 3
@ 25 1 é 2 4
2 2
0 0 T T T
0 50 75 100 0 50 75 100
NaCl (mM) NaCl (mM)

Figure 3. Height (A), number of leaves (B), sprouting rate (C) and number of shoots (D) of banana propagules
Musa spp. cv. Caipira during 30, 60 days of rooting, in absence (control) and presence of 50; 75 and 100 mM
NaCl. Means followed by the same letter at each exposure time do not differ statistically from each other by the
Tukey test at the 5% probability level

At 30 and 60 days of exposure to NaCl, there was a reduction in the number of leaves in the saline treatments.
This effect was independent of the dose and time of exposure to NaCl. There was a reduction of approximately
24% and 12% at 30 and 60 days, respectively, relative to their respective controls (Figure 3B). The decrease in
the production of live leaves may be related to the effect of salt, which reduces the ability of the plants to
produce new leaves as fast as their senescence (Muscolo et al., 2003), although it is uncertain whats the death of
older leaves by necrosis of their tissues may have potentiated this process. According to Cruz et al. (2003), the
accumulation of Na' ions occurs preferentially in the older leaves, probably because it is an adaptive mechanism
to protect the apices and leaves which are physiologically more active.

NacCl reduced the sprouting rate only at 100 mM NaCl with the two exposure times (30 and 60 days) compared
to the respective control groups. With this treatment, after 30 and 60 days, there was a reduction in sprouting rate
of 14% and 12%, respectively. In the control, 50 mM and 75 mM NacCl treatments, the sprouting rate reached
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100% after 30 days (Figure 3C). Reductions in sprouting rate were also reported by Melo et al. (2011), studying
the in vitro cultivation of pineapple under conditions of saline stress.

Regarding the mean number of propagules formed by inoculated propagules, control and treatment of 50 mM did
not present significant differences between the two-time intervals. At 30 days, the presence of 75 and 100 mM
NaCl in the culture medium caused a reduction of 9% and 51% in the number of propagules, respectively (Figure
3D). The reduction in the number of propagules with increasing NaCl concentration in the culture medium can
be related to the effect of the salinity on the delay in the appearance and atrophy of the gems, provoked by the
reduction in the division and cellular expansion (Brito et al. 2007).

The 30-day rooting rate was reduced by 17% and 37% in the presence of 75 and 100 mM NacCl, respectively,
with no significant variation between the control and 50 mM NaCl. However, after 60 days, all propagules
rooted (Figure 4A).
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Figure 4. Rooting rate (A) and root length (B) of banana propagules Musa spp. cv. Caipira during 30 and 60 days
of rooting, in absence (control) and presence of 50, 75 and 100 mM NaCl. Means followed by the same letter at
each exposure time do not differ significantly from each other by the Tukey test at the 5% probability level

With 30 and 60 days of stress exposure, a reduction in the root length of the seedlings in the presence of salt was
observed compared to the control. The reduction was significant and directly proportional to the increase in NaCl
concentration in the culture medium (Figure 4B). At 30 and 60 days, and in the presence of 100 mM NaCl, the
reduction was 82% and 70%, respectively.

Both the suppression of the rooting rate in the first 30 days of cultivation and the reduction in the root length of
the banana propagules exposed to saline concentrations may be related to the reduction in osmotic potential of
the culture medium caused by the presence of NaCl, which makes the water unavailable at optimal levels for the
elongation and division of the root cells (Turan, Elkarim, N. Taban, & S. Taban, 2010).

The survival rate of the propagules under saline conditions decreased significantly with increasing NaCl
concentration in the culture medium (Figure 5). After 120 days and in the presence of 100 mM NacCl, survival
was reduced by about 40% compared to the control. According to Li et al. (2011), the survival rate decreases
with increasing salinity in susceptible plants. The increase in NaCl levels results in the reduction of growth due
to several factors, such as the toxic effect of ions that have been absorbed, the low osmotic and water potential of
the cells, as well as the use of metabolic energy diverted to other cellular metabolism processes (Lopes, 2015).
These changes may affect several metabolic aspects of the plant cell, inducing anatomical and morpholegical
changes that result in reduced growth (Munns, 2008).
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Figure 5. Survival rate of banana propagules Musa spp. cv. Caipira during the stages of multiplication and
rooting, after 120 days in the absence (control) and presence of 50, 75 and 100 mM NaCl. Means followed by
the same letter do not differ significantly from each other by the Tukey test at the 5% probability level

After 120 days of micropropagation, no changes in the water status of the propagules were observed in any of
the organs studied, independent of the NaCl concentration (Figures 6A and 6B). The propagules maintained a
RWC of between 87% and 93% in leaves and 90% and 93% in roots. The humidity content of the foliar and root
tissues of the propagules was maintained at 95%.
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Figure 6. Relative water content (RWC) (A) and humidity (H) (B) of leaves and roots in banana propagules
Musa spp. cv. Caipira after 120 days in the absence (control-0 mM) and presence of 50 and 100 mM NaCl.
Means followed by the same letter do not differ significantly from each other by the Tukey test at the 5%
probability level

In the present study, the maintenance of the water status of banana propagules may be associated with the
presence of sucrose and agar in the nutrient medium, since both substances increase the osmotic potential of the
solution (Bundig et al., 2017). In this case, it is possible that the ionic component of saline stress was
predominant to the osmotic component of stress. The ionic component of saline stress probably caused the major
changes in growth traits in both the multiplication and rooting phases. In addition to causing damage to
membranes, high levels of NaCl probably promoted nutritional imbalances, changes in growth regulator levels,

enzymatic inhibitions, disruption of photosynthesis, changes in water relations and ionic imbalance (Khalid,
Kumari, Grover, & Nasim, 2015).

Cell membrane damage, represented by EL, increased as NaCl increased in the nutrient solution, both in leaves
(50 mM-41%, 100 mM-120%) and in roots (50 mM-46%, 100 mM-58%) after 60 days (Figure 7).
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Figure 7. Electrolyte leakage (EL) of leaves and roots in banana propagules Musa spp. cv. Caipira after 120 days
in the absence (control-0 mM) and presence of 50 and 100 mM NaCl. Means followed by the same letter do not
differ significantly from each other by the Tukey test at the 5% probability level

Possibly the ionic component of saline stress was responsible for the increase in cell membrane damage, both in
leaves and roots, as the water status of the cells did not change. In both organs, the excess Na" and CI in the
protoplasm may have caused disturbances in the ionic balance, which consequently altered the structure of the
membranes (Melo et al., 2017). The highest percentages of EL observed in roots, compared to leaves, are
probably related to the direct contact between the organ and the saline solution (Melo et al., 2017).

In roots exposed to 100 mM NacCl, an increase of approximately 85% in total free amino acid levels was
observed (Figure 8A). In this same organ, proline levels increased by 74% and 174% with 50 mM and 100 mM
NaCl, respectively, compared to the control group (Figure 8B).
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Figure 8. Total free amino acids (TFAA) (A) and proline (PRO) (B) of leaves and roots in banana propagules
Musa spp. cv. Caipira after 120 days in the absence (control-0 mM) and presence of 50 and 100 mM NaCl.
Means followed by the same letter do not differ significantly from each other by the Tukey test at the 5%
probability level

In leaves, soluble sugar levels increased with saline treatment at 50 mM NaCl (33%) and reduced with 100 mM
NaCl (15%) (Figure 9). However, in roots, soluble sugar levels reduced with 50 mM NaCl (24%) and increased
with 100 mM NacCl (73%) (Figure 9).
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Figure 9. Total soluble sugars (TSS) of leaves and roots in banana propagules Musa spp. cv. Caipira after 120
days in the absence (control-0 mM) and presence of 50 and 100 mM NaCl. Means followed by the same letter do
not differ statistically from each other by the Tukey test at the 5% probability level

The accumulation of osmoregulators, such as soluble sugars, amino acids (e.g. proline), inorganic ions and
proteins, is commonly associated with osmotic adjustment of plants under stress conditions in order to maintain
plant turgor (Joseph et al., 2015).

In the present study, the accumulation of TFAA, PRO, TSS in the roots of seedlings subjected to 100 mM NaCl
may be related to a contribution of such osmoregulators to the maintenance of water status, as it may also be due
to changes in protein metabolism, leading to proteolysis and consequently an increase in the levels of TFAA and
proline. The increase in proline levels under salt stress conditions, observed only in roots, may be related to the
need to use this amino acid in the establishment of this organ during in vitro culture (Bundig et al., 2017). In
addition, variations in the levels of organic compounds are also related to disorders in the metabolism of
carbohydrates and proteins, and carbon skeletons can be used as an energy source which is easily available to
cells under stress conditions, associated with the production of new leaves, formation of new shoots or root
growth, observed in the present study (Dkhil & Denden, 2010; Melo et al., 2017).

4. Conclusion

NaCl caused a reduction in the growth rate which was proportional to the increase in salt concentration.
Treatment with 75 and 100 mM NaCl affected multiplication, rooting and in vitro growth more intensely than the
control. The ionic component of salinity seems to be the main cause of damage to the development of banana
propagules grown in vitro, mainly as a result of damage to cell membranes. The variations in the osmolytes
evaluated appear to be related to NaCl disturbances to plant metabolism rather than an attempt by the propagules
to osmotically adjust. In addition, it is recommended that treatment with 100 mM NaCl for a minimum of 30
days is used for in vitro intensified saline stress tests in banana cv. Caipira.
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