Notas Cientificas

Simulation of in vitro water deficit for selecting
drought-tolerant banana genotypes

Alice Lichs Marssaro™, Lucymeire Souza Morais-Lino®, Jailson Lopes Cruz®,
Carlos Alberto da Silva Ledo® and Janay Almeida dos Santos-Serejo®

MUniversidade Federal do Recodncavo da Bahia, Rua Rui Barbosa, n® 710, CEP 44380-000 Cruz das Almas, BA, Brazil. E-mail:
alice_marssaro@hotmail.com @Embrapa Mandioca e Fruticultura, Rua Embrapa, s/ne, Caixa Postal 007, CEP 44380-000 Cruz das Almas,
BA, Brazil. E-mail: lucymeire.lino@gmail.com, jailson.cruz@embrapa.br, carlos.ledo@embrapa.br, janay.serejo@embrapa.br

Abstract — The objective of this work was to determine a method to simulate water stress in vitro to select
drought-tolerant banana (Musa sp.) genotypes. The BRS Tropical and Prata Ana cultivars were grown in vitro
in an MS liquid medium containing sucrose and benzylaminopurine (BAP), supplemented with different
concentrations of polyethylene glycol (PEG) or sorbitol. The yield stability index of dry matter was evaluated.
Cultivation for 30 days in a medium containing 15 g L' PEG or 36.4 g L sorbitol is appropriate to simulate
water stress in vitro.

Index terms: Musa, PEG, sorbitol, tissue culture.

Simulagao de deficit hidrico in vitro para selegao
de bananeiras tolerantes a seca

Resumo — O objetivo deste trabalho foi determinar uma metodologia para simulagdo de estresse hidrico
in vitro, para selecdo de genétipos de bananeira (Musa sp.) tolerantes a seca. As cultivares BRS Tropical e
Prata Ana foram cultivadas in vitro em meio MS liquido, contendo sacarose e benzilaminopurina (BAP),
e suplementado com diferentes concentra¢des de polietileno glicol ou de sorbitol. Avaliou-se o indice de
estabilidade de rendimento de matéria seca. O cultivo por 30 dias em meio contendo 15 g L' de PEG ou 36,4

g L de sorbitol ¢ apropriado para simular a condi¢ao de estresse hidrico in vitro.

Termos para indexagdo: Musa, PEG, sorbitol, cultura de tecido.

Soil water stress is among the limiting factors when
cultivating banana plants (Placide et al., 2012; Vanhove
et al.,, 2012). In the context of climate change and of
the conservation of water resources, and considering
agricultural activity is responsible for 72% of the
water consumed in Brazil (ANA, 2013), it is clearly
necessary to look for alternative strategies to cope with
water shortages. The search by genetic improvement
programs for genotypes that use water more efficiently,
with a greater capacity of osmotic adjustment and
stomatal control, is considered the most efficient and
economical strategy to address the problem of drought.
Banana cultivars that contain the B genome appear to
be more drought-tolerant that those with only the A
genome (Robinson & Galan Sauco, 2010).

Field studies to select drought-tolerant banana
genotypes are difficult because of the long cultivation

cycle and the need for large areas due to the size of the
plants. Thus, in vitro selection is advantageous because
it is faster and less plant material is required, allowing
for the rapid multiplication of selected genotypes (Rai
et al., 2011), control of conditions, and the detection of
differences in reduced growth (Vanhove et al., 2012).
There are reports of using polyethylene glycol
(PEG) or sorbitol as water stress inducers of various
plant species, including banana (Rai et al., 2011;
Bidabadi et al., 2012; Placide et al., 2012; Vanhove
et al., 2012). Sorbitol is a solute that is normally not
metabolized by plants, and PEG is an impermeable,
long-chain polymer. These compounds induce water
stress by both reducing the osmotic potential of the
culture medium and not being metabolized by the
plants. However, it is necessary to consider the ideal
concentrations of the inducers to discriminate among
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tolerant and sensitive genotypes, based on growth
parameters, without lethally damaging the plants. The
ideal concentration is one where none of the cultivars
completely stops growing, but growth is reduced
compared with a control with no inducers (Placide et
al., 2012).

Growth reduction is an important parameter to
evaluate the tolerance of a plant to water stress. This
is because growth is directly related to mass, and the
possible loss of mass when a plant is under stress is a
fundamental parameter when discriminating tolerant
genotypes (Vanhove et al., 2012).

Despite the existence of reports of in vitro selection
of drought-tolerant banana plants (Bidabadi et al., 2012;
Placide et al., 2012; Vanhove et al., 2012; Moreno-
Bermudéz et al., 2015), there are still no results for the
Prata And and BRS Tropical cultivars. Prata Ana is
among the most cultivated and commercialized cultivar
in Brazil, and the BRS Tropical cultivar tends to be
drought tolerant (Silva et al., 2009). For this reason, it is
necessary to establish an adequate method to study the
simulation of water stress in vitro for these cultivars.

The objective of this work was to determine a
method to simulate water stress in vitro to select
drought tolerant banana genotypes.

The Prata Ana (AAB genome) and BRS Tropical
(AAAB genome) banana cultivars were assessed. The
BRS Tropical cultivar is a tetraploid hybrid produced
by crossing Yangambi N.2 and the diploid M53,
and was obtained from Embrapa’s banana breeding
program. Plants of the two genotypes with the most
vigorous and uniform growth, maintained in culture
medium (Murashige & Skoog, 1962) for 50 days to
root, were selected and used as explants. These were
cut to a height of 3.0 cm by removing the leaves and
maintaining three roots (1 cm long each).

The explants were transferred to a liquid medium
composed of MS salts, 30 g L' sucrose and 4 mg L
benzylaminopurine (BAP), supplemented with
different concentrations of PEG or sorbitol, with the
purpose of simulating water stress in vitro. The final
volume of the medium was adjusted with sterilized
distilled water. For both the inducers, four different
concentrations were used: 15, 30, 45, and 60 g L
PEGy0 (Bidabadi et al., 2012); or 18.2, 36.4, 54.6, and
72.8 g L sorbitol (Placide et al., 2012; Vanhove et al.,
2012). For the control treatment, plants were maintained
in a MS medium that lacked an inducer. The osmotic
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potentials of the culture mediums containing PEG or
sorbitol were determined according to Villela et al.
(1991) and Placide et al. (2012), respectively.

The plants were maintained in a growth room
with light intensity of 36 umol m? s, photophase of
16 hours, and temperature of 27+2°C. For the explants,
the culture medium was replenished and fresh material
was collected every 15 days.

The duration of the experiment was 60 days. At the
end, the dry matter was quantified for both the aerial
part and roots after drying the material in a dryer with
forced ventilation at 70+£2°C for 72 hours.

Discriminating among the tolerant and sensitive
material was done by calculating the yield stability
index of dry matter (YSIdm) (Bouslama & Schapaugh,
1984), with the formula YSIdm = Ye/Y1i, where Ye and
Yi are, respectively, the dry matter of each genotype
cultivated under stress and no stress. Thus, the higher
the YSIdm, the greater the tolerance to drought. The
index of fresh matter (YSIfm) was calculated in a
similar way, but with fresh matter of the cultivated
genotype under stress and no stress.

An experiment was performed for each inducer.
Each experiment consisted of five treatments (four
concentrations of PEG or four of sorbitol and one
control) and two genotypes (Prata Anda and BRS
Tropical), with 36 replicates; each replicate was one
plant. The data were subjected to the F-test of the
analysis of variance, at 5% probability. The averages
of the treatments were compared using Tukey’s
test, at 5% probability. In relation to the YSIdm, a
completely randomized design was used in a 5x2 factorial
arrangement.

In this work, the biomass was the parameter used to
discriminate the tolerance of the genotypes (Vanhove
et al., 2012). A decrease in biomass is a consequence
of a reduced photosynthetic rate and the deviation of
energy destined for growth to activate and maintain
metabolic activities associated with adapting to
drought (Munns et al., 2002). A lower biomass in
plants subjected to the condition of water stress has
been reported in studies about drought tolerance,
including bananas (Van Asten et al., 2011; Bidabadi
et al., 2012; Placide et al., 2012; Vanhove et al., 2012).

In relation to the PEG inducer, after 60 days of
cultivation with the 15 g L' concentration, both
genotypes differed from the control, tolerated water
deficit, and showed characteristics of in vitro growth
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(Figure 1 A). The results confirm the hypothesis that
the adequate concentration to simulate water deficit
in vitro is the one where none of the cultivars tested
completely stop growing, but exhibit reduced growth
compared with the control (Placide et al., 2012).
Bidabadi et al. (2012) found that 30 g L! PEG was
an adequate concentration to select and characterize
in vitro drought-tolerant banana cultivars. Moreno-
Bermudez et al. (2015) also successfully simulated
water stress in vitro using 30 g L' PEG. However, in
the present study, concentrations above 30 g L' did not
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Figure 1. Yield stability index of dry matter (YSIdm) for the
BRS Tropical and Prata And banana (Musa sp.) cultivars after
60 days of cultivation in vitro in MS medium with different
concentrations of polyethylene glycol (PEG) (A) and sorbitol

(B).

differ significantly among the treatments and caused a
more drastic reduction in plant growth, which means
higher concentrations of PEG are not recommended to
select the genotypes under in vitro drought conditions
(Figure 1 A).

For the sorbitol inducer, both cultivars evaluated also
developed less, with lower dry matter (YSIdm) for the
treatments compared with the control after 60 days of
cultivation; however, the proportion was lower than that
to using PEG (Figure 1 B). For the treatments with 36.4
g L' sorbitol, both genotypes differed from the control,
tolerated the water deficit, and showed characteristics of
growth in vitro (Figure 1 B). Therefore, this is considered
an adequate concentration for this inducer. Other studies
that simulated water stress in vitro for bananas, using
the Williams, Mbwazirume, Cachaco, Obino I’Ewali,
Lep Chang Kut and Popoulou cultivars, indicated a 36.4
g L concentration of sorbitol as adequate for selecting
drought tolerance. In addition, and in agreement with
the results obtained here, these studies suggest that
sorbitol concentrations over 36.4 g L' cause excessive
osmotic stress in the medium, drastically affecting the
capacity of the plants to absorb water (Placide et al.,
2012; Vanhove et al., 2012).

The YSIfm analysis indicated that the action of the
water stress on the plants was already visible in the
fourth week of cultivation and, therefore, this time is
sufficient to discriminate between the genotypes that
are tolerant and sensitive to the drought conditions
simulated and tested in vitro (Table 1). These results

Table 1. Yield stability index of fresh matter (YSIfm) for
the BRS Tropical and Prata Ana banana (Musa sp.) cultivars
at 15, 30, 45, and 60 days of cultivation in vitro in MS
medium, with the addition of polyethylene glycol (PEG)
or sorbitol to determine the best concentration to simulate
water deficit®.

Concentration Prata Ana
15 days 30 days 45 days 60 days
15 gL' PEG 0.57A 0.43B 0.36C 0.29D
36.4 g L''Sorbitol 0.44AB 0.47A 0.42B 0.37C
BRS Tropical
15 gL' PEG 041 A 0.37B 0.34BC 0.30C
36.4 g L"'Sorbitol 0.40A 0.33B 0.33B 0.30B

(MMeans followed by equal letters, in the lines, do not differ by Tukey’s
test, at 5% probability.
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corroborate those obtained by other authors (Van
Asten et al., 2011; Bidabadi et al., 2012; Placide et al.,
2012).

Thus, it is concluded that the Prata And and BRS
Tropical cultivars, grown under water stress induced by
PEG, present a greater reduction in growth than those
grown in sorbitol. Furthermore, the best concentrations
for simulating water stress in vitro are 15 g L' PEG
and 36.4 g L' sorbitol when growing these cultivars
in MS medium. A period of 30 days of cultivation, for
both inducers, is the most appropriate amount of time
to simulate the condition of water stress and to select
tolerant genotypes.
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