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Abstract

C. Salazar, F. Landeros, E. Bustos, P. Bravo, C. Pérez, J. Becerra, D. Ríos, and M. 
Uribe. 2019. Propagation and bulblet enhancement of Rhodophiala pratensis from seeds 
germinated in vitro. Cien. Inv. Agr. 46(1): 12-22. Rhodophiala pratensis is an endemic 
geophyte from Chile with great importance to the national market of cut flowers and potted 
and garden plants. However, many geophytes have conservation issues and are considered 
endangered species. Efficient and controlled propagation techniques have been useful for the 
commercial production of this species and for its conservation. A micropropagation protocol 
using seeds was developed to determine an optimum method to increase bulb production rates 
and plant production. The effect of sucrose levels in the medium on the growth of bulbs was 
tested in vitro (30, 60 and 90 g L-1). Then, the effects on shoot and bulb induction of the cytokinin 
BAP at concentrations of 1.0, 2.0 and 4.0 mg L-1 with the auxin NAA at concentrations of 0.1, 
1.0 and 2.0 mg L-1 were analyzed. The germination rate after eight weeks increased to 86% 
with very low contamination (7%). Bulb growth increased when high levels of sucrose were 
added to the medium; the optimum sucrose concentration was 90 g L-1. Acclimatization was 
successful, with a plant survival rate of 63% and an average bulb growth of 0.5 cm. This is the 
first study to demonstrate the possibility of propagating R. pratensis seeds in vitro.
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Introduction

The geographic isolation of Chile has allowed the 
development of a wide diversity of unique botani-
cal species that do not exist anywhere else in the 
world (Olate, 2006). Among them are geophytes, 
which are characterized by underground storage 

organs, such as bulbs, corms, rhizomes and tubers, 
and which are one of the groups with the highest 
number of native species distributed throughout 
the country. Of a total of 180 geophyte species, 
90% are of endemic origin (Bridgen et al. 2001). 
Most Chilean geophytes are monocotyledons, 
represented by nine families (Bridgen et al. 
2001). Such is the case for the Amaryllidaceae, 
which have traditionally supplied many petaloid 
monocotyledons to the world. Their fast, easy and 
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economical reproduction method has positioned 
Chile as the third largest floriculture exporter 
in South America, after Colombia and Ecuador 
(Verdugo, 2013). In this family, the Rhodophiala 
C. Presl genus stands out, which includes native 
Chilean and Argentinean species with great 
ornamental potential due to their large, colorful, 
red, pink, orange and yellow flowers, which can 
be marketed as potted plants or as cut flowers 
(Baeza et al. 2012).

In Chile, the genus extends from the Atacama 
Region to the Los Lagos Region, with 26 native 
species (Muñoz et al. 2011). However, most Rho-
dophiala species grow in isolated and restricted 
areas, making harvest and commercialization 
difficult, and are endangered due to habitat de-
struction (Fuenteset et al., 2007). Rhodophiala 
pratensis (Poepp.) Traub, a vulnerable species 
located mainly in the Biobío Region, is constantly 
threatened by habitat transformation due to ag-
ricultural and urban development (Ravenna et 
al. 1998). Conservation of this species through 
rapid and efficient vegetative propagation is 
necessary for commercial use and ex situ conser-
vation. Conventional propagation techniques for 
ornamental purposes have been used to recover 
other endangered bulbous plant species; however, 
like in other Amaryllidaceae species, vegetative 
propagation of R. pratensis through bulbs is very 
slow and inefficient Schiappacasse et al. 2003). 
An example is Herbertia lahue (Mol.) Goldbl., 
which generates 1.13 bulblets per bulb, which is 
within the expected propagation range (Morales 
et al. 2007). Other Chilean geophyte species, such 
as Calydorea xiphioides Poepp. and Leucocoryne 
coquimbensis F. Phil (Kim et al. 1998), produced 
1.5 and 1.1 to 1.6 bulbs per mother bulb, respec-
tively (Bridgen et al. 2001, Morales et al. 2007).

In this context, in vitro micropropagation is a vi-
able alternative for rapid and effective production, 
increasing the number of individuals cultivated in 
a shorter time, avoiding excessive species exploi-
tation and contributing to species conservation 
(Vetchinkina et al. 2012). For bulbous species, 

such as Traubia modesta (Phil.) Ravenna (Paredes 
et al. 2014), Cyrtanthus clavatus (L’Hérit) R.A. 
Dyer and C. spiralis Burch. ex Ker Gawl, as well 
as some Rhodophiala species (Jara et al. 2007, 
Muñoz et al. 2009), the most widely used in vitro 
propagation method is the twin-scale technique.

However, another possible in vitro propagation 
technique is seed germination in a sterile medium 
to obtain contamination-free in vitro seedlings that 
would serve as a starting point (establishment phase) 
for micropropagation protocols, callus induction 
and cell suspension culture (Rodrigo et al. 2006).

In vitro germination of Rhodophiala species using 
Plant Preservative Mixture (PPM) has been carried 
out for R. bifida (Herb.) Traub only, obtaining 
100% germinated seeds free of contamination 
(Rodrigoet et al., 2006). This study focused on 
Rhodophiala pratensis in order to develop a 
micropropagation protocol to obtain complete 
plants. A concentration of 6-benzylaminopurine 
(BAP), sucrose and naphthalene acetic acid was 
investigated for its effects on bulb production 
and growth. This is the first reported in vitro 
culture for this species.

Materials and methods

Plant material, disinfection and establishment

Complete R. pratensis plants were collected 
between January and February 2014, during the 
flowering period, in the Botanical Garden of Con-
cepcion University, Hualpen district (S36°47’32” 
W73°05’44”), Concepción, Chile. Bulbs and seeds 
were separated and stored at 4 °C until in vitro 
establishment.

Seeds were washed with running water and com-
mercial detergent. Then, under aseptic conditions, 
samples were disinfected with 70% ethanol for 
2 min followed by 3 rinses with distilled sterile 
water (DSW). Subsequently, they were immersed 
in commercial chlorine at 70% (v/v) with 2 drops 
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of commercial surfactant (Quik®) for 15 min, 
and then 3 rinses were performed with DSW for 
5 min each rinse.

Culture conditions

Seeds were left for 48 h in 200 μM gibberellic 
acid (GA3) to be seeded without seed coats in 
vials of 30 mL culture medium (Murashige 
and Skoog, 1962) with macronutrients diluted 
to 25% (MS¼), supplemented with 30 g L-1 
sucrose, 5 g L-1 bacteriological agar (Duch-
efa) and 0.116 g L-1 vitrofural (bactericide/
fungicide) with a pH adjusted to 5.8. Samples 
were incubated in a growth chamber at 25 ± 
1°C with 55% relative humidity and a 50 μmol 
m-2s-1 photonic flux density for 2 weeks in the 
dark until the appearance of cotyledons and 
were subsequently subjected to a photoperiod 
of 16 h light and 8 h darkness.

The experimental unit was 5 seeds per flask with 
30 replicates. Qualitative variable analysis was 
performed by means of descriptive statistics, 
evaluating germination percentages of contami-
nated seeds and survival at 4 and 8 weeks after 
its introduction in vitro.

Biomass increase/bulblet growth in vitro

To evaluate the effect of different sucrose con-
centrations on the size and biomass increases 
(weight) of formed bulbs, the germinated seeds 
were established in MS mediums with 30, 60 and 
90 g L-1 sucrose, with complete macronutrients 
supplemented with 0.5 g L-1 polyvinyl pyrrolidone 
(PVP, Calbiochem™) antioxidant, 5 g L-1 bacte-
riological agar and 0.16 g L-1 vitrofural. Explants 
were maintained for 8 weeks in a 16 h light and 
8 h darkness photoperiod, with subcultures in 
fresh medium every 30 days. Increases in bulb 
size at the beginning and end of the test (length) 
were evaluated, as well as the initial and final 
fresh weight (iFW-fFW). The experimental unit 
corresponded to 4 explants with 15 replicates per 

treatment arranged in glass containers with 30 
mL culture medium.

Influence of NAA and BAP on bulblet 
proliferation.

After the increase in biomass, half of the cultivated 
bulbs were subjected to different combinations 
and concentrations of growth regulators (Table 
2) to induce multiplication, new bulb formation 
and shoot development. Explants were maintained 
in the presence of growth regulators for a period 
of 8 weeks in the growth chamber. The number 
of bulbs, number of buds formed and growth 
index (ICB = FWf - FWi) / FWi were evaluated 
at the end of this period. The experimental unit 
consisted of 4 replicates with 4 explants per 
treatment. Subsequently, formed bulbs were 
transferred to basal DM medium (supplemented 
with sucrose 90 g L-1) without hormones to evalu-
ate the residual effect of phytohormones for a 
period of 30 days. At the end of this period, the 
following parameters were evaluated: number 
of new bulblets, number of leaves, length of 
leaves and bulbs, diameter and fresh weight. 
Remains were maintained in three treatments 
with sucrose (30, 60, 90 g L-1) and evaluated at 
the end of the trial.

Acclimatization

In vitro explants in both trials spontaneously 
formed roots during 8 weeks in media without 
hormonal treatments. Samples were extracted from 
the culture medium under aseptic conditions in 
a laminar flow chamber, and the seedlings were 
washed with DSW to remove culture medium 
residues. Finally, samples were transplanted 
into presterilized plastic trays containing perlite, 
vermiculite and peat (1:1:1) and sealed to main-
tain moisture inside the trays. The substrate was 
moistened with DSW and settled for a period of 
2 weeks in a growth chamber at 25 ± 1°C under 
a photoperiod of 16 h light and 8 h darkness. Ir-
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rigation with DSW was performed every 7 days. 
Then, 75% of the hermetic system was opened so 
that seedlings had more contact with the environ-
ment. After 4 weeks, the system was completely 
opened to enrich the plants with ¼ macronutrient 
MS medium every 14 days.

Statistical Analysis.

For the hormonal effect and sucrose concentration 
analysis, a completely randomized design with a 
factorial arrangement with two factors and two 
levels was performed using analysis of variance 
(ANOVA), which allowed us to identify if there 
were statistically significant differences between 
the means. Subsequently, an LSD or Duncan’s test 
was used in continuous quantitative variables. 
The results were compared to a control sample. 
All statistical tests were performed with a 95% 
confidence level.

Results and Discussion

Plant material, disinfection and establishment.

As reported in other studies of species belong-
ing to the Amaryllidaceae family, the in vitro 
multiplication of these species has been slow 

and highly dependent on genotype (Jara et al. 
2001). In addition, twin scaling is the most 
common propagation technique used due to its 
effect on the number of bulbs formed; however, 
many studies show high rates of contamina-
tion by bacteria and fungi with this technique, 
leading in some cases to plant material loss 
(Ferrando, 2002). Therefore, in vitro multipli-
cation with seeds is an alternative that allows 
the maintenance of a germplasm bank for these 
species, reducing contamination rates (Muñoz 
et al. 2009).

For the species under study, the percentage of 
germination at 4 weeks was 65%, with contami-
nation reaching 6%. After 8 weeks of culture, 
the percentage of germinated seeds increased to 
86%, and contaminated seeds increased by 1% 
(Fig. 1). Virtually all plants formed bulblets in 
normal form, whose diameter varied between 
0.1 to 0.8 cm. The bulblets presented, on aver-
age, 3 leaves and a root system, developed with 
an average of three roots per bulb. Germination 
percentages obtained through seeds from the 
studied population are comparable to those 
achieved by Rodrigo et al. (2006) and Maritano 
et al. (2008) for R. bifida and are similar to or 
higher than those achieved by Jara et al. (2001) 
with R. montana, R. bagnoldii and R. splendens 
species.

Figure 1. In vitro seed germination and contamination of R. pratensis.
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Gibberellins are directly involved in the control 
and promotion of seed germination. Gibberellic 
acid (GA3) can break seed latency and replace 
the need for environmental stimuli, such as 
light and temperature (Araya et al. 2000). 
The use of 200 μM gibberellic acid promoted 
R. pratensis seed germination. Gibberellins 
specifically increase cellular elongation, mak-
ing it possible for roots to grow through seed 
coatings. Seeds presented null to little innate 
dormancy since they nearly all germinated 
within a month after harvesting, verifying 
that the species germinates without the need 
for cold stratification. R. pratensis propaga-
tion is important because the economic value 
of the species is not limited to its ornamental 
potential but also has pharmacological value 
due to the alkaloids characteristic of geophytes 
and, in particular, the Amaryllidaceae family 
(Torras-Claveria et al. 2013).

It is necessary to adequately disinfect plant 
material prior to in vitro introduction. Surfaces 
are exposed to fungi, bacteria and yeasts, 
which can cause considerable losses during 
micropropagation and consequently reduce 
regeneration. These microorganisms compete 

for nutrients and adversely affect the cultivation 
or establishment of explants (Azofeifa, 2009). 
The contamination percentage obtained in 
this study was low (7%), which demonstrates 
the efficiency of the disinfection method and 
evidence of seed viability. The sterilization 
regime applied was effective; the number of 
seeds disinfected was 93%. This regime has 
the advantage that the material remains in good 
sanitary condition to continue multiplying plants 
under similar conditions or to use the material 
for other purposes.

Biomass increase/bulblets growth in vitro.

To produce an increase in biomass or bulblet 
weight in vitro, the application of sucrose has 
shown a significant effect on final bulblet weight 
(Mujica and Mogollón, 2004). From the explants 
grown at different sucrose concentrations, a 
significant effect of sucrose was observed on 
final bulb weight after 8 weeks of culture (Fig. 
2), producing increased biomass levels with in-
creased sucrose concentrations. Other parameters 
evaluated did not show significant differences 
or growth suppression.

Figure 2. Effect of different concentrations of sucrose on bulblet growth. A-B. Bulblets in 60 g L-1 sucrose. C-D. 
Bulblets in 90 g L-1 of sucrose.
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The use of the highest sucrose concentration 
(90 g L-1) produced the highest biomass levels 
(Table 1), and the total number of bulbs was not 
affected by the different sucrose concentrations 
used at 8 weeks. This effect relates to the study 
by Sellés et al. (1997) and Santos et al. (2002), 
who reported that 90 g L-1 sucrose treatment was 
the best for increasing Narcissus confusus and N. 
asturiensis bulb diameters, demonstrating that 
there is a positive effect of sucrose on cellular 
tissue morphology as well as on photosynthetic 
system activity. Prado et al. (2010) mention that 
the increase in growth of the bulb is attributable 
to a greater availability of carbon structures 
for producing new cellular components, which 
increases with sugar concentrations until it 
reaches an optimum point after which any ad-
ditional amount of sugar has no influence on 
plant morphogenesis.

These results are similar to those obtained after 
12 weeks of R. bagnoldii cultivation, in which a 
significant effect of sucrose on the weight and 
number of bulbs produced was observed (Olate 
2006). The same results were also evidenced by 
twin-scaled and single-scaled micropropagated 
Cyrtanthus hybrid ‘Orange Gem’ × C. eucal-
lus R.A. Dyer (Hong and Lee 2012). Unlike 
previous studies, Tipirdamaz (2003) reported 
that the use of 30 g L-1 to 60 g L-1 sucrose does 
not statistically affect Galanthus ikariae bulb 
growth. Therefore, the ability of plant tissues to 
use carbohydrates varies among species and even 
among explants. It also depends on the ability 
of the tissue to absorb, transport and metabolize 
carbohydrates (Cheesman et al. 2010).

Influence of NAA and BAP on shoot proliferation.

 It is known that the correct balance of cytokinins 
and auxins plays an important role during shoot 
proliferation. No studies exist on the positive 
effect of auxins and cytokinins on the prolifera-
tion of shoots and bulblets for R. pratensis. In 
the present study, no new bulb formation was 
obtained from the initial bulbs after 8 weeks in 
media supplemented with hormones. There were 
also no significant differences between hormonal 
treatments in the number of leaves formed or the 
bulb growth rates. The bulb growth rate was 1.8 in 
the presence of 2 mg L-1 NAA and 2 mg L-1 BAP, 
which was lower than the growth rate in the other 
treatments (Table 2). A color change from white to 
dark purple was observed, and necrosis was later 
observed. According to Seemann (1993), explant 
browning is a problem that relates to the release 
and oxidation of polyphenols in the media due to 
stress caused by high hormone levels, resulting 
in products that are toxic to the explant and that 
can even lead to necrosis.

Bulbification depends highly on the concentration 
of growth regulators and sucrose, among other 
factors.The role of cytokinins in conventional 
micropropagation using solid media has been 
analyzed for several Rhodophiala genus species, 
and very low multiplication coefficients have been 
reported (Jara et al. 2007). Slabbert et al. (1993), 
working with Amaryllidaceae family species, 
found that the highest production rates of shoots 
and bulbs occurred when cultivated in media 
without cytokinins. Similar results were obtained 
by Jara et al. (2007), in which the effect of media 

Table 1. Effect of different sucrose treatments on biomass and size of bulbs formed after 8 weeks of cultivation.

S (g L-1) Wi (cm) Wf (cm) Li (cm) Lf (cm) FWi (g) FWf (g)

30 0.22 + 0.09 0.25 + 0.12 0.44 + 0.13 0.44 + 0.14 0.06 + 0.10 0.03+ 0.11 a

60 0.20 + 0.10 0.26 + 0.09 0.38 + 0.11 0.38 + 0.11 0.07 + 0.15 0.04+ 0.13 a

90 0.20 + 0.08 0.21 + 0.08 0.46 + 0.19 0.50 + 0.21 0.11 + 0.18 0.07+ 0.15 b

S: Sucrose; Wi: Initial width; Wf: Final width; Li: Initial length; Lf: Final length; FWi: Initial fresh weight; FWf: Final fresh 
weight.
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with growth regulators and carbohydrates was not 
significant for sprouting and/or bulbification in 
R. montana scales. The results of the effects of 
a combination of hormones on the proliferation 
of R. pratensis shoots reinforce the conclusion 
that BAP plus NAA would not have a significant 
effect on shoot proliferation.

The bulbs remained in different sucrose con-
centrations during the second stage of the 
experiment, without growth regulators. High 
sucrose concentrations affected bulb growth, 
inhibiting growth and new bulb formation 
(Table 3). However, unlike what happens in the 
presence of hormones, a maximum number of 3 
bulbs per explant were obtained in the presence 
of 30 g L-1 sucrose (Fig. 3). The highest percent-
age of bulblet biomass increase was obtained 
(97.5%) at this concentration. Regarding the 
other parameters evaluated, there are significant 
differences in shoot length and fresh weight. 
The results agree with those obtained by Fer-
rando (2002) for different species of daffodils, 
in which the development of adventitious bulbs 
was feasible in DM medium culture in the dark 
and without the addition of growth regulators, 
and those reported by Colque et al. (2002) for 
Eucrosia stricklandii (Baker) Meerow, in which 

bulbification from twin-scaling was carried out 
in media lacking growth regulators.

Acclimatization

Acclimatization is a critical stage often associated 
with slow growth and significant plant loss (Uzunet 
et al. 2014). One major problem in plant tissue culture 
is that plants experience a desiccation jolt just after 
transplantation. This desiccation can be reduced to 
a considerable extent by covering the transplanted 
material with polythene bags to enable plants to 
survive outside culture vessels. These precautions 
helped facilitate the establishment and recovery of 
transplanted material in a short time under growth 
room conditions (Ozel et al. 2015). Acclimatization 
in the current study was successful; the percentage 
of survival of the seedlings after 2 months of ac-
climatization was 63%, producing on average for 
each bulb 2 leaves that were 17.6 cm long and 3 roots 
that were 6 cm long, with an average bulb width of 
0.5 cm (Fig. 4). After 8 months in a greenhouse, 
flowering was observed, as well as increases in the 
number and length of leaves and roots.

The main conclusions are the following. An ef-
ficient and reproducible method was developed 

Table 2. Effect of different hormonal treatments on R. pratensis bulbs from seeds. 

NAA (mg L-1) BAP (mg L-1) N°Li N°Lf N°Bi N°Bf BGI

0,0 0,0 2.16 + 0.50 1.25 + 0.55 ab 1.0 + 0.0 1.0 + 0.0 2.0

1,0 2,0 3.33 + 1.46 1.00 + 0.61 b 1.22 + 0.8 1.22 + 0.8 2.0

2,0 2,0 3.96 + 1.65 2.11 + 0.23 a 1.75 + 0.98 1.75 + 0.98 1.8

0.1 1,0 2.75 + 1.33 1.5 + 0.66 ab 1.33 + 0.73 1.33 + 0.73 2.1

0.1 4,0 2.08 + 0.88 1.75 + 0.39 ab 1.08 + 0.49 1.08 + 0.49 2.1

N°Li: Number of initial leaves; N°Lf: Number of final leaves; N°Bi: Number of initial bulblets; N°Bf: Number of final bulblets; 
BGI: Bulblet growth index; NAA: 1-naphthalene acetic acid; BAP: 6-Benzylaminopurine

Table 3. Effect of sucrose on the regeneration of bulblets in medium without hormones

S (gL-1) NºS BD (%) BW BL SL FW

30 2.98 + 1.63 a 31.3 0.20 + 0.08 0.60 + 0.24 6.48 + 3.06 a 0.066 + 0.04 a

60 2.17 + 1.70 a 26.9 0.19 + 0.09 0.50 + 0.24 3.59 + 2.73 b 0.043 + 0.03 b

90 1.28 + 0.95 b 11.5 0.22 + 0.14 0.50 + 0.34 2.03 + 1.83 b 0.041 + 0.03 b

S: Sucrose concentration; N°S: Number of shoots, BD: Bulblet diameter (cm); BW: Bulblet width; BL: Bulblet length (cm); SL: 
Shoot length (cm); FW: Fresh weight
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Figure 3. Bulblet multiplication in basal medium without growth regulators. A. Biomass growth 
and induction of roots. B.C.D. Increase in the number of bulblets from one explant.

for the propagation of R. pratensis using seeds 
to obtain a high percentage of germination and 
complete plants. This study represents the first 
report of in vitro regeneration for this species, 
which can be valuable for commercial production 
and germplasm conservation of endemic species.
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Figure 4. Plants of R. pratensis obtained from in vitro culture. Bar=1 cm
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Resumen

C. Salazar, F. Landeros, E. Bustos, P. Bravo, C. Pérez, J. Becerra, D. Ríos, y M. Uribe. 2019. 
Propagation and bulblet enhancement of Rhodophiala pratensis from seeds germinated in 
vitro. Cien. Inv. Agr. 46(1): 12-22. Rhodophiala pratensis es un planta geófita endémica de 
Chile con gran importancia para el mercado nacional de flores, macetas y plantas de jardín. 
Sin embargo, muchas de estas geófitas tienen problemas de conservación, siendo consideradas 
especies en peligro de extinción. Para la conservación y producción comercial de esta especie, 
las técnicas de propagación eficiente y controlada han sido muy útiles. Por esto, se desarrolló 
un protocolo de micropropagación utilizando semillas para determinar un método óptimo que 
permita aumentar las tasas de producción de bulbos y la producción de plantas. Se probó el 
efecto de distintas concentraciones de sacarosa en el medio de cultivo sobre el crecimiento in 
vitro de los bulbos (30, 60 y 90 g L-1). A continuación, se analizaron los efectos de la citoquinina 
BAP en concentraciones de 1.0, 2.0 y 4.0 mg L-1 con auxina NAA en concentraciones de 0.1, 
1.0 y 2.0 mg L-1 en la inducción de brotes y bulbos. La tasa de germinación después de ocho 
semanas aumentó a 86% con una contaminación muy baja (7%). El crecimiento del bulbo 
aumentó cuando se añadieron altos niveles de sacarosa al medio, con una concentración óptima 
de 90 g L-1. La aclimatación tuvo éxito con una supervivencia de plantas del 63%, con un 
promedio de crecimiento de bulbo de 0.5 cm. Esta es la primera investigación que demuestra la 
posibilidad de propagar semillas de R. pratensis in vitro.

Palabras clave: Especies endémicas, germinación, Rhodophiala pratensis, sacarosa.
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