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ABSTRACT. The “sempre-viva” species Comanthera mucugensis is endemic to the municipality of Mucugé,
Bahia, Brazil, where it was widely exploited through extractivism to be commercialized as an ornamental,
causing a drastic reduction of its population, so that it is now classified as endangered. Although its main
area of occurrence is now protected for being within Chapada Diamantina National Park, the continued
risks of inclement conditions and anthropic actions make it necessary to develop alternative methods for
ex situ conservation of the species, such as in vitro conservation. Therefore, the objective of this study was
to test the effect of different concentrations of salts and sucrose on the in vitro conservation of Comanthera
mucugensis. Two salts concentrations of the medium MS (¥2 and %4) and two sucrose levels (7.5 and 15.0 g L'1)
were tested, and the experimental design was completely randomized with four treatments. After 365 days,
the survival, growth and regeneration of the conserved plants were analyzed, achieving up to 100% survival,
reduced shoot growth and maintenance of regenerative capacity. Reduction of the concentration of salts
and sucrose in the culture medium is indicated to conserve the plants in vitro for a period of one year.
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Introduction

The family Eriocaulaceae in Brazil is composed of 8 genera and 617 species, with 553 being considered
endemic (Flora do Brasil, 2020). The species belonging to this family are called sempre-viva because their
scapes and inflorescences continue to have a fresh aspect after being picked, a characteristic that gives them
high commercial value for ornamental purposes (Giulietti, Giulietti, Pirani, & Menezes, 1988).

Comanthera mucugensis (Giul.) L.R. Parra and Giul. stands out as one of the most important sempre-viva
plants in Brazil. This endemic species is known as sempre-viva de mucugé (Sano et al., 2015), due to its main
occurrence in the municipality of Mucugé, located in the Chapada Diamantina region of the state of Bahia,
Brazil, where it was picked and dried for commercial purposes, even before seed production (Cerqueira, Funch,
& Borba, 2008). This fact, associated with frequent burning, caused a steep decline in the natural populations
(Neves, Bedé, & Martins, 2011).

Chapada Diamantina is constantly hit by fires and is one of the most affected regions of Bahia (Neves &
Conceicao, 2010). These fires can occur naturally or by anthropic action, but the recurrence of these events
indicates the anthropic factors as the most probable (Goncalves, Mesquita, Lima, Coslope, & Lintomen, 2011),
stimulated by the creation of pastures, hunting or agriculture. These growing activities in the region and the high
frequency of fire constitute a threat to the flora and fauna of that area, which is considered a biodiversity hotspot.

Comanthera mucugensis is classified as endangered (CNC Flora, 2012), and despite growing in conservation
unit, the Mucugé Municipal Park, which houses the Sempre-Viva Project created in order to preserve the
species, these plants are exposed to risk factors, such as the predatory extractivism and fires. Therefore, it is
necessary to perform the ex situ conservation of this genetic resource, and the in vitro conservation technique by
slow growth induction is a strategy that allows the maintenance of genetic variability without the risks of the field.
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The slow growth makes it possible to keep plants in vitro for long periods without the need to subculture
them, and is achieved by alterations that aim to diminish or suppress growth (Arrigoni-Blank et al., 2014) by
varying the substances in the culture medium and/or adjusting the growing environment. This also makes it
possible to reduce costs related to labor, reagents and maintenance of cultivated plants (Bello-Bello, Garcia-
Garcia, & Iglesias-Andreu, 2015).

Previous studies involving in vitro conservation of C. mucugensis have described the addition of osmotic
agents to the culture medium and alterations of temperature (Lima-Brito et al., 2011a), as well as the use of
the growth retardants ancymidol and paclobutrazol (Lima-Brito et al., 2015), but in both works, plant survival
was only observed for 180 days. To increase the period of in vitro conservation, other strategies need to be
tested, such as reducing the availability of salts and sugars in the culture medium.

To analyze the efficiency of in vitro conservation, besides the survival of the plants it is important to
evaluate the maintenance of the regenerative capacity of their tissues, which will be used as explants in the
in vitro multiplication of the species. Associated with this, the measurement of the chlorophyll content of
these plants enables the evaluation of their photosynthetic efficiency, essential for their growth (Engel &
Poggiani, 1991) in the acclimatization phase.

Starting with the hypothesis that tissue culture is an efficient strategy for conservation of C. mucugensis and
considering that the previous studies have been limited to a short evaluation period, the objective of this study was
to test the effect of different concentrations of salts and sucrose on the in vitro conservation of this species.

Material and methods

Plant material

The plant material was obtained from Comanthera mucugensis seeds collected in Mucugé Municipal Park,
in Mucugé, Chapada Diamantina region of the state of Bahia, Brazil. The cultures were established in MS
medium (Murashige & Skoog, 1962) with half the salts concentrations (MS %2), plus 15 g L! of sucrose and
7 g Lt of agar. C. mucugensis plantlets germinated in vitro, with approximate length of 2 cm, were used in the
conservation experiments.

In vitro conservation

The plantlets were placed in test tubes (25 x 150 mm) containing 18 mL of MS medium with two different
salts concentrations (¥2 and %4) and two sucrose levels (7.5 and 15.0 g L!) along with 7 g L! of agar, for a total of
four treatments: T1: MS ¥4 + 15 g L' of sucrose (control), T2: MS ¥4 + 7.5 g L'! of sucrose, T3: MS %4 + 15 g ! of
sucrose and T4: MS %4 + 7.5 g L'! of sucrose. The experimental design was completely randomized, with 50 tubes
per treatment, each one composed of ten repetitions and five samples per repetition (one explant per tube). The
pH of the culture medium was adjusted to 5.7 and they were sterilized in an autoclave at 120°C for 15 minutes.

Evaluation of the conserved plants

After conservation for 12 months, the survival percentage (%S) was determined. The number of green
leaves (NGL), number of senescent leaves (NSL), shoot length (SL), longest root length (LRL), number of roots
(NR), shoot fresh matter (SFM), root fresh matter (RFM), shoot dry matter (SDM), root dry matter (RDM),
chlorophyll content, and regenerative capacity were evaluated. The growth variables were measured on 15
samples from each treatment.

Chlorophyll content

The chlorophyll content was determined by the method described by Arnon (1949) with adjustments.
Healthy green leaves were picked from the plants conserved in vitro and weighed into samples of 0.5 g. The
leaves were macerated with 15 mL of 80% acetone, after which the material was filtered through filter paper.
The filtered part was completed with 80% acetone to 25 mL and then the absorbance was read with a
spectrophotometer (Femto 800XI model) at wavelengths of 645 and 663 nm. The analyses were performed in
triplicate for each treatment.

The following formulas were used to calculate the chlorophyll content:

Chlorophyll a (ug mL?) = 12.7.Aess - 2.69.A64s
Chlorophyll b (ug mL™) = 22.9.Asss — 4.68.A¢e3
Total chlorophyll (ug mL") = 20.2.Agss + 8.02.Aes3
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Regenerative capacity

Stem explants with length of 0.5 cm from the plants conserved in vitro for 12 months were inserted in test
tubes containing 15 mL of MS culture medium at half the salts concentrations, supplemented with 15 g L! of
sucrose and 7 g L! of agar (Lima-Brito et al., 2011b). The experimental design was completely randomized
with four treatments, each one composed of 15 repetitions, and one sample per repetition. The four
regeneration treatments correspond to the treatments in which the plants were conserved in vitro, i.e.: T1:
plants from treatment 1 conservation, T2: plants from treatment 2 conservation, T3: plants from treatment 3
conservation, and T4: plants from treatment 4 conservation.

The percentage of explants that had formed shoots (%ER) and the number of shoots per explant (NSE)
were measured after 60 days. The shoots obtained from the treatment with response rate above 50% were
transferred to rooting medium, with two treatments tested in this step:

Treatment 1- basic medium supplemented with 1 g L! of activated charcoal.

Treatment 2 - basic medium supplemented with 4.9 uM of indole butyric acid (IBA) (Lima-Brito,
Albuquerque, Resende, Carneiro, & Santana, 2016).

The experimental design was completely randomized with 30 repetitions per treatment, and one sample
per repetition. The percentage of explants responsive to rooting (%ER), number of roots (NR) and longest root
length (LRL), measured in centimeters (cm) were measured after 45 days.

The microplants from the best treatment were acclimatized, by transfer to 50 mL plastic cups containing
humus and vermiculite (1:1), covered with 200 mL plastic cups, which were removed after 20 days. The cups
with these plants were kept in a greenhouse in a tray filled partly with water. The survival percentage (%S)
was evaluated 30 days after transfer.

Culture conditions

The in vitro cultures were kept in a growth room with temperature of 25 * 3°C, photoperiod of 16 hours
and photosynthetically active radiation of 60 pymol m2s.,

Statistical analysis

The normality and homogeneity of variance were tested. For the variables with normality and homogeneity
above 5%, ANOVA was performed. The variables that did not satisfy the premises were analyzed based on the
theory of generalized linear models. Whenever the hypothesis of means equality of the treatment was
rejected, the Tukey and t-tests were applied. All hypotheses were tested at 5% significance level. All the
analyses were carried out using the R statistical program (R Core Team, 2018).

Results and discussion

The plant survival percentage (%S) was significantly influenced (p < 0.05) by treatments after 12 months
of in vitro conservation. Furthermore, the plants had a vigorous aspect in the majority of the treatments and
there was maintenance of adequate culture medium availability, which enable the samples to be grown in vitro
for a longer period, for subsequent analysis of the conserved plants.

The 100% survival rate of the treatment with MS %4 + 7.5 g L! of sucrose (T4) was statistically better than
those of the others (Figure 1a). The high survival percentages obtained demonstrate the good resistance of C.
mucugensis to reduced availability of salts and sucrose. This is probably related to the in situ conditions of this
species, which is adapted to nutrient-poor soils.

The studies of inducement of slow growth with C. mucugensis obtained 97.5 (Lima-Brito et al., 2011a) and
81.25% (Lima-Brito et al., 2015) survival after in vitro conservation for 6 months. In both cases, the authors
concluded that the MS culture medium with half the salts concentrations, supplemented with 15 g L of
sucrose, generated the highest survival rates. However, the results of this research indicate that a greater
reduction of salts (MS %4) and reduction of sucrose (7.5 g L'!) are favorable to the survival of the plants, which
reached 100%, and for a longer period (12 months). This is an advantage, because it reduces the culture costs
and guarantees a longer in vitro conservation time, enabling the creation of germplasm banks.

Considering the results previously obtained with in vitro conservation of “sempre-viva” plants (Lima-Brito
et al., 2011a; 2015), it can be stated that the advances of this study on in vitro conservation of “sempre-viva”
plants consist of the longer in vitro period without subculturing, the lower cost and high plant survival rate.
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With respect to the growth of the conserved plants, there were significant effects (p < 0.05) of the
treatments for all the count variables: NGL, NSL, and NR. In relation to the number of green leaves, the mean
of treatment 1 was statistically higher than those of the treatments 3 and 4 (Figure 1b) and, for number of
senescent leaves, the highest average obtained in treatment 3 compared to the others (Figure 1c). Note that
the highest means for green leaves are associated with the lowest for senescent leaves, demonstrating the
existence of a negative association between the two variables (Figure 1b and c). The highest number of
senescent leaves (treatment 3) can indicate that this treatment promoted faster development of the plants,
since senescence is the last stage of leaf development (Oliveira et al., 2013). A mechanism that plants use to
try to retard the senescence process is the action of cytokinin, which can be related to the larger number of
roots produced by the plants in treatment 3, since the main production of this hormone occurs in the roots.

For the number of roots, the same behavior of the NSL variable was observed (Figure 1d). A negative
association also occurred between the number of green leaves and number of roots, with a lower number of
roots being associated with a larger number of green leaves in treatments 1, 2, and 4 (Figure 1b and d). A
greater number of leaves to the detriment of the roots can be related to the sink force of the young leaves
during initial growth of the plants, assimilating a higher concentration of nutrients and hormones, resulting
in lower availability of auxin for root formation.
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Figure 1. Survival percentage (%S), number of green leaves (NGL), number of senescent leaves (NSL) and number of roots (NR) as a
function of the in vitro conservation treatments of Comanthera mucugensis after growth for 365 days. Means followed by the same
letters do not differ from each other by the proportion and Tukey tests at 5% probability level. T1: MS % + 15 g L ™! of sucrose, T2: MS %2
+7.5 gL' of sucrose, T3: MS %4 + 15 g L' of sucrose, and T4: MS %4 + 7.5 g L'! of sucrose.

With respect to the plants’ growth, there was a significant effect (p < 0.05) on all the continuous variables:
SL, LRL, SFM, RFM, SDM and RDM, with SL being particularly important for attesting to the slow growth of
the plants during the conservation period, with the lower averages indicating the effectiveness of the
treatments.

The combination of MS %2 with 15 g L'! of sucrose (T1) resulted in the highest average shoot length (4.27)
and differed significantly from the other treatments. In turn, the use of % of the salts concentrations produced
the lowest averages (2.78 and 2.83) (Figure 2a). Possibly the reduced availability of salts in the culture medium
depressed the plants’ metabolism and consequently interfered in their growth.

Besides this, there was detrimental growth of the roots as a function of shoot growth, except in treatment
4, which contained the lowest concentrations of salts and sucrose. This might have been due to favorable
growth of roots as a response to the shortage of nutrients, since this treatment had the highest average root
length (3.43) (Figure 2b). In turn, the treatments with the highest salts concentrations (T1 and T2) had the
lowest averages for this variable, and the highest SL value (Figure 2a and b) can indicate that the use of MS%4
permit good availability and uptake of nutrients by the roots and distribution to the rest of the plant to
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guarantee growth. Large growth of the root system in in vitro conservation is not a factor of interest, because
it can accelerate consumption of the culture medium, causing the need for subculturing, hence increasing the
labor and costs of the process.
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Figure 2. Effect of the conservation treatments on shoot length (SL), longest root length (LRL), shoot fresh mass (SFM), root fresh mass
(RFM), shoot dry mass (SDM) and root dry mass (RDM) of Comanthera mucugensis plants conserved in vitro for 365 days. Means followed
by the same letters do not differ from each other by the Tukey test at 5% probability level. T1: MS ¥ + 15 g L' of sucrose, T2: MS %2 +
7.5 g L' of sucrose, T3: MS % + 15 g L! of sucrose, and T4: MS % + 7.5 g L'! of sucrose.

In relation to shoot fresh mass, the highest averages were obtained by the treatments with %2 of the salts
concentrations (T1 and T2) differing from the others (Figure 2c), as a result of the larger number of green
leaves and longer SL generated in those treatments. For shoot dry mass, the best results were obtained for the
treatments that contained the highest sucrose concentration (T1 and T3) (Figure 2e), reflecting incorporation
of carbon by the plant, and sucrose is the main source of absorption of this element in the culture medium.
For root mass, the highest average fresh and dry mass values were obtained in treatment 3 (Figure 2d and ),
and this response is associated with the higher accumulation of water in the roots and their larger number in
this treatment.

Another relevant factor that contributes to the growth and development of plants conserved in vitro is the
chlorophyll content. In this study, the plants in treatments 1 and 4 had higher values than those in treatments
2 and 3 (Figure 3), and this can indicate that the species is resistant to nutritional deficit, since treatment 4
contained low contents of sucrose (7.5 g L'!) and salts (¥4), which possibly activated a defense mechanism to
increase the production of chlorophyll to try to supply the low energy. The highest number of senescent leaves
indicated by treatment 3, compared to the others, can be related to lowest chlorophyll content recorded in
this treatment, since the senescence is the last development stage of the leaf and involves the components
disintegration of the chloroplasts and degradation of chlorophylls, being regulated by pheide a oxygenase
(PaO) (Pruzinska, Tanner, Anders, Roca, & Hortensteiner, 2003).
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Figure 3. Chlorophyll content of Comanthera mucugensis plants conserved in vitro for 365 days with different treatments. T1: MS %% +
15 gL' of sucrose, T2: MS Y% + 7.5 g L'! of sucrose, T3: MS % + 15 g L! of sucrose, and T4: MS %4 + 7.5 g L! of sucrose.

Besides the physiological processes for growth and development of the plants, in connection with the
shoot and roots, it is also important for in vitro cultivation that the plants be able to generate vigorous
explants, so it is beneficial for plants to have a larger quantity of green leaves, since they are used in in vitro
multiplication protocols as well as stem explants. In this respect, it is essential to test the regenerative
capacity of plants conserved in vitro, to make sure the treatment applied does not negatively affect the
responsiveness of the tissues.

In this study, in relation to regenerative capacity of conserved plants, there was a significant effect on the
explant response percentage (%ER) and for number of shoots per explant (NSE). The responsiveness rate
obtained in treatment 1 (80%) was statistically higher than those of treatments 3 and 4, and did not differ
from that of treatment 2 (Figure 4a). However, the different behavior occurred for NSE, for which the highest
average (8.93) was generated by treatment 2, with statistical difference from the others, followed by
treatments 1 and 4, with means (6.06 and 4.06, respectively) that did not differ (Figure 4b).

In general, the treatments with half the usual salts concentrations had the best results, indicating that a
larger reduction of salts (MS %4) is not sufficient to nourish the plants for a long period in vitro, because it
impairs the regenerative capacity of the tissues, example of potassium whose highest mobility in the plant is
directed to the meristematic tissue, where the proteosynthesis occurs (Nogueira, Vasconcellos, Santos, &
Franca, 1981).

The formation of shoots in a medium not containing a growth regulator observed in this work was also
reported in study of in vitro multiplication (Lima-Brito et al., 2011b) of the same species. In turn, studies
conducted with Comanthera elegantula (Pégo, Paiva, & Paiva, 2013) and Comanthera elegans (Pégo, Paiva, &
Paiva, 2014) observed morphogenic responses only with the use of growth regulators.
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Figure 4. Explant response percentage (%ER) and number of shoots per explant (NSE) of Comanthera mucugensis plants conserved in
vitro for 365 days. Means followed by the same letters do not differ from each other by the proportion and Tukey tests at 5% probability
level. T1: MS ¥4 + 15 g ! of sucrose, T2: MS V4 + 7.5 g L of sucrose, T3: MS % + 15 g L! of sucrose, and T4: MS % + 7.5 g L'! of sucrose.

The shoots obtained from regeneration were submitted to in vitro rooting and there was a significant effect
of the treatments for the variables explant response percentage (%ER) and longest root length (LRL). The
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same behavior occurred for the two variables in relation to activated charcoal in the medium, which produced
higher averages for %ER (90%) and LRL (0.89), demonstrating that the use of activated charcoal was efficient
to promote rooting of the species, and generated longer roots compared to those formed in medium with IBA
(Figure 5). After the rooting, the microplants from the treatment with activated charcoal were acclimatized
and after 30 days there was 100% survival.
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Figure 5. Explant response percentage (%ER), and longest root length (LRL) as a function of the activate charcoal and indole butyric
acid (IBA) for rooting of shoots regenerated from explants of Comanthera mucugensis plants conserved vitro. Means followed by the
same letters do not differ from each other by the t-test at 5% probability level.

In the study of in vitro conservation carried out by Lima-Brito et al. (2011a) with Comanthera mucugensis,
the authors did not test maintenance of the regenerative capacity of the conserved plants, or the rooting and
acclimatization, and the conservation period was only 180 days. Therefore, the present study makes advances
regarding the possibility of maintaining in vitro collections of C. mucugensis (Figure 6A), started by in vitro
germination of seeds (Figure 6B and C), for a longer period (Figure 6D), with the availability of material
suitable for regeneration of shoots, from the conserved plants (Figure 6E). After the rooting shoots (Figure
6F), the microplants were successfully acclimatized (Figure 6G).

PG S

Figure 6. In vitro conservation of Comanthera mucugensis. (A) C. mucugensis in natural population, (B) C. mucugensis seed, (C) C.
mucugensis plantlets germinated in vitro, (D) C. mucugensis plants conserved in vitro for 365 days, (E) Regeneration of shoots from of the
conserved plants of C. mucugensis, (F) Rooting shoots of C. mucugensis, and (G) Successfully acclimatized microplants of C. mucugensis.

Conclusion

The culture medium MS %2 with 15 g L! of sucrose is indicated for in vitro conservation of Comanthera
mucugensis for up to one year. The plants conserved in vitro maintained their regenerative capacity. The
addition of activated charcoal to the culture medium is indicated for rooting of shoots from multiplication of
plants conserved in vitro, and the microplants were successfully acclimatized.
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