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Abstract

Alpinia purpurata is an ornamental plant species native to the Asia-Pacific with commercial potential
due to its red inflorescence adapted to the northern Colombian coast; however, the lack of propagation
protocols hinders commercial cultivation. To adjust a micropropagation protocol for clonal plant material
production, the aim of this study was to evaluate the effect of sucrose and gibberellic acid (GA3) in the
culture medium on the number of new shoots per explant, shoot length, root number, root length and
number of leaves. Explants were cultured in semisolid MS (Murashige & Skoog, 1962) medium with
sucrose (30,45 and 60 mg/L) and GA; (0.0; 0.25;0.5; 0.75 and 1.0 mg/L). A factorial experimental design
with two factors was employed, with 15 treatments, 10 replicates per treatment and 150 experimental
units distributed with a completely randomized design. Cultures were stored five weeks at 25 °C with
a 12 h photoperiod (40 pmol m™ s™'). Anova and Tukey’s test allowed detecting the statistical effects of
sucrose and GAj supply for all variables. An increase in sucrose concentration resulted in a higher number
of shoots, while an increase in GAjz induced longer shoots. Root length and leaf number decreased as GA;
and sucrose increased.

Keywords: inflorescence, micropropagation, ornamental plants, plant growth substances, red ginger

Evaluacién de sacarosa'y GA; en un cultivo in Vitro de brotes de
Alpinia purpurata (Zingiberaceae)

Resumen

Alpinia purpurata es una planta ornamental nativa de las islas del Pacifico asidtico con potencial por su
inflorescencia roja, adaptada a las condiciones de la costa Atldntica colombiana; sin embargo, la falta
de protocolos de propagacién, evita su cultivo comercialmente. Con el interés ajustar un protocolo
de micropropagacién para la produccion clonal de material de siembra, el presente estudio tuvo como
objetivo, evaluar el efecto de la sacarosa y el 4cido giberélico (GA3) en el medio de cultivo, sobre el
numero de nuevos brotes por explante, longitud de brotes, nimero de raices, longitud de raices y nimero
de hojas. Los explantes fueron cultivados en medio semisélido MS (Murashige & Skoog, 1962) suplido
con sacarosa (30, 45 y 60 mg/L) y combinados con GA; (0,0; 0,25; 0,5; 0,75 y 1,0 mg/L). Se empled
un arreglo factorial con dos factores, 15 tratamientos y 10 repeticiones por tratamiento, para un total
de 150 unidades experimentales distribuidas en un disefio completamente al azar. Los cultivos fueron
almacenados cinco semanas a 25 °C con 12 h de fotoperiodo (40 pmol m™ s™). El Anova y la prueba
de Tukey permitieron detectar que la sacarosa y GAj; afectaron significativamente todas las variables: el
incremento en la concentracion de sacarosa indujo mayor numero de brotes, y los brotes en presencia de
GA; tuvieron una mayor longitud. Se observé una tendencia a disminuir la longitud de las raices y el
numero de hojas en la medida en que se aument? la dosis de sacarosa y GAs.
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crecimiento vegetal

Introduction

Alpinia purpurata (Vieill) K. Schum.) or commonly known as red ginger, is an ornamental plant species
that belongs to the Zingiberaceae plant family. It is native from the Asia-Pacific islands and is known
worldwide for its exotic tropical flowers that have an intense red color and a long shelf life (Criley, 1989;
Hansen, 1993). Plants of A. purpurata grow most frequently in humid environments with at least 1 200
mm of rain annually, with an average temperature above 20 °C, and at altitudes of up to 600 m above the
sea level (De la Penia & Illsley, 2001). This species is herbaceous with multiples stems of 0.8-2.5 m long
that grow from a single point (Criley, 1989; Hansen, 1993). Leaves are elliptic, narrow, with an acute apex
and a cuneate base, 20-50 cm long and 3.5-15.0 cm wide, and green in color (Criley, 1989; Hansen, 1993).
Flowers grow in a determined spike-like inflorescence, i.e., a cincinnus, with 1-5 flowers each, obovate,
3-5 c¢m long, red, obtuse or acute, with glabrous bracts and tubular bracteoles, 20-40 mm long (Criley,
1989; Hansen, 1993). Pedicels are 2 mm long, and the calyx is 10-20 mm long; the corolla is 30-50 mm
long, glabrous, with a petal-like form (Criley, 1989; Hansen, 1993). The fruit is a capsule up to 30 mm in
diameter, subglobose, and with red seeds when mature (Criley, 1989; Hansen, 1993; De la Pefia & llsley,
2001).

Plants of Alpinia purpurata naturally propagate through clonal and sexual methods (Hoyos, 1998). Clonal
propagation occurs from buds that grow in the inflorescence; aging flowers form new shoots that emerge
from the axils of the red bracts; when these flowers fall, and the emerged shoots touch the substrate,
adventitious roots are formed; this allows them to grow as a new single plant (Hoyos, 1998). Alternatively,
rhizome formation produces underground buds that emerge and develop in new stems becoming new
plants joined at the base (Hoyos, 1998). Sexual propagation is less frequent; seeds have a wide germination
gap, from three months up to three years (De la Pefia & Illsley, 2001; Neal, 1965). Germination percentages
are low because of dormancy. Seedlings are usually less vigorous than clonal propagated shoots and
variability is present in new individuals obtained from a single plant (Hoyos, 1998; Neal, 1965).

In Colombia, particularly in the northern coast (Atlantic region), red ginger grows naturally in wet soils
and rainy areas (Sudrez et al., 2008). Although Colombia is a strong competitor worldwide in fresh
flower trade, red ginger is not included among the flowers exported by the country, and it is neither
widely commercialized locally (“Estas son las flores...”, 2018; Procolombia, 2018). Commercial red ginger
plants for stem, flower or foliage production and commercialization are not common, and those that
are commercialized in cities are usually extracted from natural populations in rural areas (Builes, 2003;
Sudrez, 2008). Tropical flowers and foliage are an important item in global flower trade, and red ginger
has enormous potential because of its red intense color and long shelf life (Builes, 2003; Suérez, 2008).
However, high-quality plant material to cultivate commercially for massive flower production is not
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available (Procolombia, 2018). With natural clonal propagation, obtaining high quantities of propagules is
a slow process, and seedling quality hinders cultivation expansion (Cassells, 2012). Micropropagation is a
clonal propagation method that allows massive plant material production under controlled environmental
conditions, reduced space and free of microbial and pest contamination (Cardoso et al., 2018; Kane,
1996). Studies on micropropagation of A. purpurata through the culture of explants with pre-existing
meristems have been reported (Kochutressia et al., 2010; Vijaykuma et al., 2015). Shoot growth and
organ size are critical for plant survival and recovery when transferred to ex vitro conditions. Gibberellins
have been associated with internode shoot elongation and increased #7 vitro shoot length, while sucrose
promotes plant organ growth (Ayano et al., 2014; Camara ct al., 2018; Gabryszewska, 2011; Han et al.,
2011; Rizza et al., 2017). Nevertheless, no studies have been reported attempting to increase the size of
micropropagated A. purpurata plants by using gibberellic acid (GA3) or sucrose. In the current study, A.
purpurata plants were micropropagated and the effect of different GA; and sucrose concentrations on the
size of the plants were evaluated.

Materials and methods
Plant material and explant disinfection

Explants were obtained from buds grown on old plant inflorescences in the field of Universidad de
Cérdoba (Monteria, Colombia). Leaves and necrotic tissues were cut off, and sections of 2-3 cm long were
washed with bacteriological soap and tap water followed by 1 h immersion in 0.2 % benzoimidazole.
Thereafter, explants were immersed in a 1.25 % NaClO solution with two drops of Tween 20® in a beaker
with a stir bar for continuous mixing during 15 min; then, in a laminar flow hood, explants were washed
three times with sterile water, and the bleached basal end explants were removed using a sterile surgical

blade.
In Vvitro establishment and multiplication

Explants were placed in 200 cc borosilicate flasks containing 30 mL of semisolid MS (Murashige & Skoog,
1962) medium supplied with (in mg/L) myo-inositol (100), sucrose (30 000), thiamine HCI (0.4) and
Phytagel® (3000) (Sigma Co.). A single explant was placed per recipient; each recipient was covered with
two layers of heavy-duty aluminium foil and sealed with Nescofilm®. Cultures were stored at 25 °C with a
12 h photoperiod (40 umol m™ s™') using fluorescent lamps that provided cool white light. Cultures were
transferred to a fresh medium of the same formulation every four weeks. After four subcultures were
carried out (5 months under culture conditions), explants established 7 vitro were transferred to a medium
with the same formulation but supplied with 1.0 mg/L benzylaminopurine (BAP) for shoot
multiplication. Explants were subcultured and multiplied four times to proliferate enough material for
treatment evaluation.

Evaluation of gibberellic acid and sucrose on shoot performance
To evaluate the effect of gibberellic acid (GA3) and sucrose on shoot growth and development, proliferated

shoots were individually established in 150 mm x mm borosilicate test tubes containing 20 mL of liquid
MS medium supplied as indicated for shoot establishment and multiplication stages but without Phytagel®
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The experiment employed was a two-way factorial design with 15 treatments consisting of five levels of
gibberellic acid (0.0; 0.25. 0.5; 0.75 and 1.0 mg/L) independently combined with three concentrations of
sucrose (30, 45 and 60 g/L). Each treatment was replicated 15 times for a total of 150 experimental units
distributed using a complete randomized design. Cultures were stored at 25 °C with a 12 h photoperiod
(40 pmol m™ ') using fluorescent lamps that provided cool white light. After five weeks, variables such
as the number of shoots, shoot length, number of roots, root length, and number of leaves were recorded
and analyzed per treatment.

The data obtained were analyzed with an Anova (¢ = 0.05) (S. A. S. version 9.2) based on the model ¥ =
u+a+ bj + €;; where y was the general mean, 7 was the effect of GA3,/ was the effect of sucrose, and €},
was the effect of the experimental error. Means were separated using Tukey’s test (e = 0.05).

Results and discussion

Evaluation of gibberellic acid and sucrose on shoot performance
Number of shoots

The Anova allowed detecting statistical differences (Pr < 0.05) among all treatments compared to the number
of new shoots formed 77 vitro. The data showed that explants cultured in media supplied with 45 and 60 g/L
sucrose deprived of GA;3 produced more shoots per explant compared to any other treatment (table 1). In
contrast, the presence of GAj in the medium negatively affected shoot formation, and a concentration of > 0.5
GA; prevented shoot formation independently of the sucrose concentration (table 1).

Table 1. Effect of gibberellic acid (GA3) and sucrose on shoot formation of red ginger (Alpinia purpurata)

explants cultivated iz vitro

GA3z Sucrose (g/L)
(mg/L) 30 45 60
0.00 153 B* 375 A 3.88 A
0.25 053 ® 0.87 ® 0.00 C
0.50 ' 0.87 ' ® ' 0.00 ' C ' 0.00 C
075 0.00 C 0.00 C 0.00 C
1 0.20 C 0.07 C 0.00 C

* Numbers with the same letter are not different according to Tukey’s test (a < 0.05)

Source: Elaborated by the authors

Shoot length

The Anova allowed detecting statistical differences (Pr < 0.05) among all treatments compared to the

shoot length variable. The collected data showed that shoots cultured in media supplied with > 0.5 mg/L
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GA; produced longer shoots compared to those cultured in other culture media (table 2).
Furthermore, increasing sucrose concentration to >45 g/L produced shorter shoots independent of the
GA; concentration. Although Tukey’s test grouped several treatments, the data showed that the longest
shoots were produced when these were cultured in media supplied with 0.75 and 1 mg/L GAj; combined
with 45 mg/L sucrose (table 2).

Table 2. Effect of gibberellic acid (GA3) and sucrose on shoot length (¢m) of red ginger (Alpinia purpurata) explants

cultivated iz vitro

GA3z Sucrose (g/L)
(mg/L) 30 45 60
0.00 8.38 EDC 724 EDF 5,05 F
0.25 8.30 EDC 9.38 BDC 671 EDF
050 9.03 BDC 10.44 BAC 600 EF
0.75 10.07 BAC 1217 A 850 EDC
1 1163 BA 1267 A 825 EDC

* Numbers with the same letter are not different according to Tukey’s test (¢ < 0.05)

Source: Elaborated by the authors

Root number

The Anova allowed detecting statistical differences (Pr < 0.05) among all treatments concerning the
variable number of adventitious roots formed. Tukey’s test indicated that shoots cultured in media
supplied with 30 and 45 mg/L sucrose, in the absence of GA3, formed the highest number of adventitious
roots; however, these were not different from other treatments supplied with GA; (table 3). The general
data collected and analyzed did not show a defined pattern on the effect of GA; or sucrose and their
concentrations.
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Table 3. Effect of gibberellic acid (GA3) and sucrose on the number of adventitious roots developed in red ginger

(Alpinia purpurata) explants cultivated in vitro

GA;3 Sucrose (g/L)
(mg/L) 30 45 60
0.00 14.53 A 13.25 BA 6.75 FOEG
0.25 10.00 BDC 5.40 FG 5.57 FEG
0.50 793 FDEC 11.44 BAC 4.50 FG
0.75 9.93 BOC 9.80 BDEC 6.40 FOEG
1 10.33 BDAC 11.93 BAC 2.50 G

* Numbers with the same letter are not different according to Tukey’s test (a < 0.05)

Source: Elaborated by the authors

The Anova applied to the rooting data allowed detecting statistical differences among all treatments (Pr <
0.05). Tukey’s mean separation test showed that shoots cultured in media supplied with 30 and 45 mg/L
sucrose and with no GAs, formed longer roots compared to those cultured with other GAj3 and sucrose
combinations. The general data indicated that roots are prone to reduce their length as GA; and sucrose
concentrations in the media increase.

Table 4. Effect of gibberellic acid (GA3) and sucrose on the length of adventitious roots developed in red ginger
(Alpinia purpurata) explants cultivated in vitro

GA3 Sucrose (g/L)
(mg/L) 30 45 60
0.00 6.80 A 5.80 A 403 B
0.25 3.43 (B 343 (B 239 (D
050 3in (B 293 (BD 291 (BD
0.75 237 )] 3.7 (B 276 (
1 287 0] 331 (B 1.95 D

* Numbers with the same letter are not different according to Tukey’s test (a < 0.05)

Source: Elaborated by the authors

Number of leaves

The Anova allowed detecting statistical differences (Pr < 0.05) among all treatments with respect to the
variable number of leaves per treatment. Tukey’s test showed that a supply of 30 g/L sucrose with no GA3
in the medium induced the highest number of leaves per single shoot; in contrast, the combination of 60
g/L with either 0.75 or 1.00 mg/L GA; formed the lowest number of leaves per shoot (table 5). The general
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data showed that leaf number tends to decrease as GAj3 and sucrose concentrations increase in the culture

media (table 5).

Table 5. Effect of GAj3 and sucrose on the number of leaves developed in red ginger (Alpinia purpurata) explants

cultivated iz vitro

GA;3 Sucrose (g/L)
(mg/L) 30 45 60
0.00 IRE! A 9.00 BA 6.50 BC
0.5 5.60 DCE 6.80 BC 6.29 DC
0.50 s dE o4& DE 35 I
0.75 6.14 DC 467 DCE 3.40 E
1 5.27 DCE 533 DCE 3.50 E

* Numbers with the same letter are not different according to Tukey’s test (o < 0.05)

Source: Elaborated by the authors

Red ginger (4. purpurata) is an herbaceous plant with colorful, large, and long-lasting inflorescences that
are very appreciated in the international flower market where a single stem flower costs around US$5.6
(Wholeblossom, 2018). Red ginger grows naturally in the northern coast (Atlantic region) of Colombia
and is adapted to the tropical, humid and warm environments of this region; however, commercial crop
production is hindered by the absence of an efficient protocol to provide massive quantities of high-
quality plant material for commercial cropping (Sudrez et al., 2008). Micropropagation has proved to be
an efficient method for producing large amounts of propagules with superior health and genetic fidelity
standards for several ornamental plant species (Cardoso et al., 2018; Kunakhonnuruk et al., 2018; Park
etal., 2017).

Red ginger has been propagated through explant micropropagation with pre-existing meristems using
inflorescence buds as initial explants cultured in MS medium supplied with BAP/IAA (Indoleacetic acid)
or naftalenacetic acid (NAA), i.c., a combination for shoot induction and multiplication (Illg & Faria,
1995). Rhizome buds were cultured in a medium supplied with several combinations of BAP with kinetin
for shoot production (Kochuthressia et al., 2010), and rhizome buds cultured in MS medium provided
with different levels of BAP with NAA or 2,4 diclorofenoxiacetic acid (2,4-D) were used as explants for
callus induction and indirect shoot organogenesis (Vijaykumar & Namdeo, 2015). In contrast to these
studies, in the current research, instead of using cytokines or auxins for shoot induction and multiplication,
gibberellins and sucrose were used to evaluate their effects on shoot growth and development.

The data showed that the treatments employed induced significant effects for all variables. Although shoot
multiplication was not the main purpose in this work, statistically high sucrose concentrations (45 and 60 g/L)
were observed to increase the number of shoots, being equivalent to a supply of 1.0-2.0 mg/L BAP combined
with 1.5-2.0 mg/L kinetin in the culture medium for shoot multiplication according to studies as the one
carried out by Kochuthressia et al. (2010).
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Gibberellins are known to increase shoot length by inducing cell elongation and division (Ayano et al,,
2014; Camara et al., 2018; Han et al.,, 2011; Rizza et al., 2017). In the current study, shoots were longer
(> 12 cm) when cultured in a media supplied with higher levels of GA; (0.75 or 1.0 mg/L) and also
superior in size when compared to other studies in this same species (7.9 ¢m) in absence of GA;
(Kochuthressia et al., 2010). A supply of GAj; in the culture media of explants from different species has
proved to increase culture size and contribute to a better performance of seedlings when transferred to ex
vitro conditions, and subsequently, to the field (Dos Santos et al., 2017; Hesami et al., 2018; Kang et al.,
2004). In contrast, high levels of sucrose in the culture medium decreased the osmotic potential, and
therefore, nutrients and water retention forces in the medium increase; furthermore, this also increases
the difficulty for cultured plants to obtain water and organic/inorganic compounds from the medium
(Hassan, 2017; Hazubska-Przybyl et al., 2016).

Roots are plant organs specialized in water and nutrient uptake (Augstein & Carlsbecker, 2018; Hodge
et al,, 2009). Plant species can be classified as easy, difficult, or recalcitrant to form adventitious roots
(Hartmann et al., 2002). Usually, i vitro root formation is induced by supplying the medium with plant
growth regulators (PGR) such as naphthaleneacetic acid (NAA), IAA or indole-3-butyric-acid (IBA);
gibberellins are known to prevent adventitious root formation, and sucrose to reduce root size (Gao et
al., 2018; Rahman & Blake, 1988), as we have also noted in this study. The data showed that sucrose and
GA; supply reduced root size as concentrations were increased (supplied) in the medium; however, no
specific pattern was observed concerning adventitious root formation. Alpinia purpurata is classified as
an easy-to-root species due to the 77 vivo formation of large quantities of adventitious roots (Sudrez et al.,
2008). A basal medium with the conventional supply of 30 g/L sucrose generated in the highest number
of adventitious root formation (>10 roots per explant) in red ginger; this result clearly showed that not
only GA; and high sucrose levels have a detrimental effect on adventitious root formation and root
growth, but also that red ginger shoots easily form adventitious roots in the absence of root inducers
(auxins) in the culture medium.

Similarly to rooting, leaf formation seemed to be negatively affected by high levels of sucrose in the
culture medium; nonetheless, the effects of increases of GAj are not apparent. As 7z vitro plant growth
is heterotroph rather than autotroph, leaves are demanding organs rather than energy source organs. As
indicated before, high sucrose levels in the medium lowered the osmotic potential resulting in fewer
nutrients available for plant tissues, including energy compounds, such as carbohydrates. Decreasing leaf
formation could be a response of the plant growing iz vitro that has alimited nutrient supply, and therefore,
reduces the number of leaves (Carloni et al., 2017; Martins et al., 2015).

Plant growth regulators are substances that, at very low amounts, affect growth and developmental
processes in plants (Gaspar et al., 1996; Rademacher, 2015). Gibberellins are PGRs that promote cell
clongation and division, and therefore, plant organ growth and development (Hedden et al., 2015; Kuhnle
et al,, 1983). When used iz vitro, gibberellins are often employed to promote length in micropropagated
shoots to increase plant survival when transferred to ex vitro conditions, and to improve plant performance
when planted in the field (Ali et al., 2018; Brondani et al., 2012). This research showed the beneficial
effects of GAj; to increase the shoot length of micropropagated A. purpurata shoots; however, organ
formation, such as leaves and roots, as well as their size -equally crucial for plant survival and growth-
were negatively affected by the supply of GAs. Nevertheless, further field performance experiments of
micropropagated plants with or without GAj; supply in the micropropagation medium are recommended.
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Conclusions

The supply of gibberellic acid (GA;) combined with sucrose statistically affected the number of shoots,
shoot length, root formation, root length, and leaf formation on A. purpurata shoots cultured iz vitro.

Increasing the supply of GAj in the culture medium reduced the number of shoots per A. purpurata
explant butincreased shoot length. Leaflength and number in A. purpurata shoots decreased as the sucrose
content increased in the culture medium. Micropropagated shoots performed better in length,
increasing when GAj; levels were 1.0 mg/L independent of the sucrose level.
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