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ABSTRACT
Paramo ecosystems have been suffering alterations which represent a threat to the survival of species which inhabit 
them, among which we have frailejon, catalogued as key species to the restoration and preservation of biodiversity. 
Most frailejones are endangered species which require help for their reproduction through micropropagation, with the 
intention of massive multiplication. Bearing this in mind, a micropropagation protocol was established for Espeletiopsis 
rabanalensis, S. Díaz & Rodr.-Cabeza 2008, from embryos disinfected with Ca(OCl)2 at 4 % and cultured in MS/4 supple-
mented with GA3. Seedlings obtained were multiplied in MS supplemented with 0.5 mg/L IBA and 0.05 mg/L BA; 80 % of 
the shoots rooted in MS with 3 mg/L IBA and 75 % of the seedlings were viable after the hardening stage. The protocol 
established, along with previous works on Espeletiopsis muiska and Espeletia paipana effectively contribute to the recov-
ery of endangered species, as well as the maintenance and protection of the water resource born in paramo ecosystems.
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RESUMEN

Micropropagación de Espeletiopsis rabanalensis S. Díaz & Rodr.-Cabeza. Los ecosistemas de páramo han venido 
sufriendo alteraciones que representan una amenaza para la supervivencia de las especies que los habitan, entre las 
cuales se encuentran los frailejones, catalogadas como especies clave para restauración y conservación de la biodiver-
sidad. La mayoría de frailejones son especies amenazadas que requieren ayuda para su reproducción a través de la 
micropropagación, con el fin de multiplicarlas masivamente. Teniendo en cuenta lo anterior, se estableció un protocolo 
de micropropagación para Espeletiopsis rabanalensis, S. Díaz & Rodr.-Cabeza, a partir de embriones desinfectados 
con Ca(OCl)2 al 4 % y cultivados en medio MS/4 suplementado con GA3. Las plántulas obtenidas se multiplicaron 
en MS con AIB (0.5 mg/L) y BA (0.05 mg/L), un 80 % de los brotes producidos enraizaron en MS con AIB (3 mg/L) y 
un 75 % de plántulas fueron viables después de la etapa de endurecimiento. El protocolo establecido, en conjunto 
con los trabajos en Espeletiopsis muiska y Espeletia paipana contribuye efectivamente a la recuperación de especies 
amenazadas, así como al mantenimiento y protección del recurso hídrico que nace en los ecosistemas paramunos..
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Introduction
Paramos are high mountain ecosystems which con-
stitute insular shelters and lack biological connectiv-
ity to similar ecosystems [1]. Both strategic location 
and extreme environmental conditions, as well as the 
ecosystemic goods and services they present, make 
paramo biomes of a great value in the regulation of 
water cycle and the retention of atmospheric carbon 
in the soil [2]. Nevertheless, paramos have been suf-
fering severe alterations and transformations, and it 
is estimated that 66 % of these ecosystems have been 
modified [3, 4]. Such alterations have been causing 
physiological modifications in species and their life 
cycles, which pose a threat to their survival and, in a 
greater scale, for paramo ecosystems [5]. 

Frailejones (Espeletiinae) are endemic South 
American plants: Colombia (86 spp.), Venezuela (67 
spp) and Ecuador (1 spp.) [6]. They show morpholog-
ic and physiologic adaptations to paramo conditions, 
where they thrive due to their stand and abundance. 
Due to their morphological characteristics and func-
tionality, frailejones are a key species for the processes 
of restoration and preservation of high-mountain eco-
system biodiversity, since they hold great importance 

due to their trophic structure and in general. In fact, 
they enrich the goods and services provided by the 
paramo; therefore, their permanence is decisive for 
the maintenance of balance and ecological functions 
in paramo ecosystems [7]. Despite their importance 
in paramos, it is feasible that frailejones have been 
suffering alterations that influence their reproduction 
and survival. Currently there is no clear information 
available regarding causing agents, reason why it is 
hard to establish proper control strategies [5].

In Colombia, there are few studies regarding eco-
logical restoration in high-Andean ecosystems [8] 
and although some projects have been presented to 
recover zones degraded due to mining use, the ones 
for paramounts are scarce [9]. Studies and restora-
tion projects are aimed at restoring to degraded eco-
systems its native functions and retrieving them their 
native natural conditions. For this reason, it becomes 
necessary to recuperate and/or maintain species such 
as E. rabanalensis, to maintain the ecosystem qual-
ity of paramos. Furthermore, there is a pressing need 
for the consolidation of strategies through develop-
mental programs, which allow the application of  
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biotechnologies, to enable faster, more precise and ef-
ficient processes to preserve, characterize, assess and 
productively take advantage of genetic resources [10]. 
Therefore, this work was aimed to establish a proto-
col for in vitro propagation, to support the develop-
ment of replanting and preservation programs for E. 
rabanalensis in the Paramo Rabanal (Ventaquemada-
Samacá, Boyacá), a paramo ecosystem that has been 
negatively affected by open pit coal mining.

Materials and methods

Study methodology
This research was carried out at BIOPLASMA-UPTC 
(Laboratorio de Cultivo de Tejidos Vegetales, Univer-
sidad Pedagógica y Tecnológica de Colombia). The 
methodology developed was based on the work by 
Araque et al. [11] and Bohórquez et al. [12] regarding 
Espeletia paipana.

Starting vegetal material, superficial  
disinfection and in vitro establishment
Adult plants of E. rabanalensis S. Díaz & Rodr.-Ca-
beza used as seed source are located in the Paramo 
Rabanal (Ventaquemada-Samacá, Boyacá, Colombia, 
at 3412 m of altitude). Between April and May, 2014, 
flower heads of E. rabanalensis were collected and 
mature achenes were extracted from them at the labo-
ratory. From these achenes, embryos were extracted 
and superficially disinfected in sterile muslin bags, 
in batches of 30 units. In laminar flow chamber, bags 
containing the embryos were submerged for three 
min in 50 mL of sterile distilled water with 0.1 mL 
of Tween 20; then, they were rinsed three consecutive 
times with sterile distilled water. For superficial asep-
sis, the efficiency of calcium hypochlorite (Ca(OCl)2) 
was tested at 1 % (w/v; T1), 2 % (T2) and 4 % (T3),  
for five min and at 4 % (T4) for 7 min, as well as 
the effect of sodium hypochlorite (NaOCl) at 0.21 % 
(w/v) for 5 min (T5) and 7 min (T6). Finally, the bags 
containing the embryos were rinsed five consecutive 
times using sterile distilled water. Each asepsis treat-
ment was applied to 924 embryos, for a grand total of 
5543. Embryos of each treatment were cultured for  
45 days in the following germination media: MS (Mu-
rashige and Skoog) [13] without growth regulators 
(1392 embryos), MS with salts diluted at ½ (MS/2) 
(1389 embryos), diluted at ¼ (MS/4) (1394 embryos) 
and finally MS/4 supplemented with 1 mg/L gibberel-
lic acid (GA3;1368 embryos). 

By the end of the germination stage (establishment 
stage), the percentages of aseptic embryos, fungus or 
bacteria-contaminated, non-viable, in-development 
seedlings (reactive and germinated embryos) and nor-
mal appearance seedlings were quantified. 

Axillary shoot multiplication 
Multiplication stage was performed using 1-2 cm 
long rootless seedlings developed in the previ-
ous stage. Explants were grown for six consecutive 
sub-cultures (30 days each) in MS without growth 
regulators and MS supplemented with 0.3 mg/L 
Indol-3-butyric acid (IBA) plus 0.03 mg/L 6-Ben-
zylaminopurine (BA), 0.5 mg/L IBA plus 0.05 mg/L 
BA, and 1.0 mg/L IBA plus 0.1 mg/L BA; 30 explants  

(5 per a 100-mL glass jar with 15 mL of  medium) were  
cultured in each medium. Taking into account the to-
tal amount of individualized shoots per sub-culture, 
the percentage of individualized shoot per treatment 
and the proliferation rate (PT) were calculated by us-
ing the relationship PT = (Bi – B0)/B0,  with B0 and 
Bi  representing the initial and individualized shoots, 
respectively. Individualized shoots was the expression 
used for shoots with an easily observable portion of 
stem (minimal length of 0.2 cm). Based on the results 
obtained, it was possible to determine the most appro-
priate hormonal combination for shoot multiplication, 
which was later used to support proliferation chains.

Shoot rooting and plantlet acclimatization
Individualized shoots obtained during the multiplica-
tion stage were selected for rooting and they were 
grown in MS without growth regulators and MS sup-
plemented with 3, 5 or 7 mg/L IBA for 60 days with 
a  subculture in fresh medium after 30 days. In each  
of the treatments performed, 30 explants were cul-
tured and the percentage of rooted shoots was quanti-
fied, along with the number and length of roots per 
shoot  and d the percentage of shoots which formed 
basal callus.

Rooted shoots were transferred to 200-mL glass 
jars, closed off with extensible paper which was pro-
gressively pierced to 80 % of its total surface. The 
jars were filled with 30 g of sterile washed sand and 
15 mL of a solution containing 200 mg/L KNO3, 800 
mg/L Ca(NO3)2 •4H2O, 200 mg/L KHPO4, 200 mg/L 
MgSO4•7H2O and 100 mg/L FeSO4. Jars were kept 
in an incubation room for 40 days at 23 ºC with con-
tinuous illumination. Subsequently, under greenhouse 
conditions, the plantlets were transferred to 250 cc 
plastic pots, each containing sterile substratum com-
posed by ground mulch, sand and soil, 3:2:1; the plant-
lets were then watered manually once a day. After 60-
day acclimatization, the percentage of viable plantlets 
was registered.

Culture conditions
Before adding agar (6.5 g/L) pH in every medium was 
adjusted to 5.7 with 1 N KOH or 1 N HCL; conse-
quently, the media were sterilized in autoclave at 15 
psi and 121 ºC for 20 min. Cultures were incubated at 
24 ± 1 °C with continuous fluorescent illumination of 
70-80 μmol/m2•s.

Data analysis
Data obtained were processed using PASW Statistics 
18 Software, version 18.0.0 (jul-30-2009), and Excel 
2013. Then the data were analyzed using the Chi-
squared test goodness of fit with a confidence interval 
of 95 %. Once the differences between the average 
quantities were determined, they were grouped by 
higher and lower average difference in order to iden-
tify homogeneous subset.

Results

Vegetal material, superficial disinfection and 
in vitro establishment 
Up to 5544 embryos, 1-1.5 mm long, were retrieved 
from the achenes (Figure 1A) extracted from collected 
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flower heads. These embryos were apt for in vitro cul-
ture, characterized by having consistent tissue, swollen 
aspect and whitish coloration (Figure 1B).

According to the Chi-square test, statistically sig-
nificant differences were found between treatments (p 
= 0.0000282) treatments assayed for superficial asep-
sis (Table 1); nevertheless, similar behaviors were 
detected for treatments T1 and T2, T3, and for treat-
ments T4, T5, and T6. The most effective treatments 
were T4 and T6, with 94.0 (868) and 85.0 % (785) 
aseptic embryos, followed by T3, T5, T2 and T1 with 
74.0 (684), 73.0 (674), 47.0 (434) and 45.0 % (415) 

aseptic embryos, respectively. Similarly, 26 % (1441 
out of the 5543 embryos treated) showed microbial 
contamination, 16 % (887) bacterial contamination 
and 10 % (554) fungal contamination (Table 1).

After 45 days of culture in germination media, 
85.72 % (4753 embryos) did not show reactivity and 
remained with the same appearance they had at the 
start of culture. Developing seedlings showed green-
ish coloration or a slight elongation (14.28 %; 790), 
42.27 % (334) of them germinating and 57.73 %  
(193) became brownish-grey and died, for a final 
42.21 % (141) of seedlings with normal appearance 
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Figure 1. Micropropagation of Espeletiopsis rabanalensis. A) Mature achene. B) Embryo apt for in vitro culture. C) Elongated, chlorophyllic embryo. D) Cotyledon separa-
tion. E) Chlorophyllic cotyledon expansion. F) Hypocotyl elongation and beginning of radicular development. G) Development of foliar primordia (arrow). H) Develop-
ment of pubescent leaves. I-K) Developing seedlings. I) Thirty days after germination began, showing developing radicle and leaves. J) Sixty days after germination, 
showing helicoidally arranged leaves and developing secondary roots. K) Ninety days after germination, showing rosette growth and elongated radicle with secondary 
roots. L-O) Shoots in proliferation. L) Initial shoot, with a differentiated stem, light-green, pubescent, succulent leaves. M) Shoot from third sub-culture, showing an 
axillary bud (arrow). N) Shoot from the fourth sub-culture with elongated leaves, and three axillary buds (arrows). O) Shoot from the sixth sub-culture with multiple 
axillary buds to individualize. P) Individualized shoot, with whitish radical primordia (arrow). Q) Two-centimeters long developing roots (arrow). R) Shoot with multiple 
elongated, whitish roots and absorbent hairs (arrow). S) Rooted shoot after 40 days in rooting medium, showing a number of elongated green leaves with abundant 
trichomes and active roots of an approximate length of 7 cm. T) Seedling in a liquid medium at the start of the acclimatization period, in an incubation room. U) Ac-
climatized seedling under greenhouse conditions. Bars stand for 1 mm (A-E) or 1 cm (F-U).
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after 90 days of culture. This accounted for 2.5 % of 
the total embryos cultured.

The highest percentage of seedlings under develop-
ment (reactive embryos, 18.2 %; germinated embryos, 
8.92 %; normal appearance seedlings, 3.58 %) were 
obtained in MS/4 supplemented with 1 mg/L GA3. 
The second best results were obtained in in MS/4 
medium, with 15.6 % reactive embryos, 5.6 % germi-
nated embryos and 2.6 % viable seedlings. Seedling 
growth and development with vigorous appearance 
and leaves in rosette arrangement were observed in 
these two culture media. Noteworthy, there were no 
statistically significant differences in the number of 
reactive embryos (Chi-square test; (p = 0.48966671) 
or germinated embryos (p = 0.52912812) as a func-
tion of the culture medium assayed. Nevertheless, 
there were variations between treatments the in reacti-
vation and germination responses of embryos, which 
made possible distinguishing three groups according 
to percentage differences (Table 2). For the case of 
viable, normal appearance seedlings after 90 days, it 
was not possible to apply the Chi-square test, since 
the expected average values were lower than 5. For 
this reason, the data were processed and analyzed con-
sidering the unviability as a function of the assessed 
treatments, estimating that the culture media did not 
affect seedling unviability (p = 0.9993).

At the beginning of the germination process, em-
bryos suffered a slight elongation and turned green-
yellowish (Figure 1 C), cotyledons then separated, ex-
panded and turned green (Figures 1 D-E), hypocotyls 
elongated and the development of the radicle began 
(Figures 1 F-G); the activity in the apical bud was evi-
dent and the first leaves developed (Figures 1 G-H); 
the stem reached 1-3 mm and new dark-green pubes-
cent leaves developed in a helicoid arranged (Figures 
1 H-K), reaching up to 3-cm height.

Multiplication of axillary shoots 
The new shoots were individualized from the third 
sub-culture on. Proliferation rates for the assayed 
treatments showed statistically significant differences 
for sub-cultures 3 (p = 0.000266129), 4 (p = 2.57775 
× 10-15), 5 (p = 2.57775 × 10-15) and 6 (p = 2.57775 
× 10-82). The treatment with the highest percentage 
of individualized shoots per culture (subculture 3: 
33.49; subculture 4: 37.22; subculture 5: 42.26; and 
subc6: 50.06) was the one performed in MS supple-
mented with 0.5 mg/L IBA plus 0.05 mg/L BA (71, 
131, 221 and 404 shoots in sub-cultures 3, 4, 5 and 6,  

respectively); by the end of the sub-culture 6, there 
was an accumulated rate of proliferation of 1:4 indi-
vidualized shoots (Figure 2). Besides, in this treat-
ment, individualized explants reached up to 4 cm 
height and showed rosette growth (Figures 1 L-M), 
10-15 succulent, pubescent, 2-5 cm long, dark-green 
leaves with continuous edges (Figures 1 N-O).

Shoot rooting and plantlets acclimatization 
After 25 days of culture in rooting media, most shoots 
showed radical primordia (Figure 1 P), root develop-
ment (Figure 1 Q) was detected after 40 days in all 
assayed media, except the controls, reaching up to 

Test conditions
Average of embryos (%)

T1 T2 T3 T4

Asepsis
Bacterial  

contamination

45.0 ± 49.8 a

* Embryos (5544) were tested with superficial desinfection treatments as follows: T1, 1 % (w/v) calcium hypochlorite (Ca(OCl)2) 
for 5 min; T2, 2 % (w/v) Ca(OCl)2 for 5 min; T3, 4 % (w/v) Ca(OCl)2 for 5 min; T4, 4 % (w/v) Ca(OCl)2 for 7 min; T5, 0.21 % sodi-
um hypochlorite (NaOCl) for 5 min; T5, 0.21 % NaOCl for 7 min. Different letters in the same row indicate differences between 
treatments (higher and lower average difference). Values are presented as average ± standard deviation.

T5 T6

Fungal  
contamination

Total

32.0 ± 46.6

23.0 ± 42.0

55.0 ± 49.8

47.0 ± 49.9 a

27.0 ± 44.2

27.0 ± 44.4

53.0 ± 49.9

74.0 ± 43.8 b

12.0 ± 32.4

14.0 ± 34.6

26.0 ± 43.8

94.0 ± 23.5 c

  6.0 ± 23.5

        0

  6.0 ± 23.5

73.0 ± 49.9 b

19.0 ± 39.3

  8.0 ± 27.5

27.0 ± 44.6

85.0 ± 35.6 c

13.0 ± 33.6

  2.0 ± 13.6

15.0 ± 35.6

Total
74.0 ± 47.1

16.0 ± 37.1

10.0 ± 29.5

26.0 ± 43.9

Table 1. Embryos of Espeletiopsis rabanalensis S. Díaz & Rodr.-Cabeza, both aseptic and contaminated, after 
treatment with six superficial aseptic treatments

Culture  
medium

Indevelopment seedlings (%)
Total  

embryos
Reactive 
embryos

MS
MS/2

1392

* Different letters in the same columns indicate differences between culture medium (higher and lower 
average difference). GA3: Gibberellic acid. Values are presented as average ± standard deviation.

MS/4
MS + GA3

1389
1394
1368

13.00 ± 0.34 a
10.30 ± 0.30 b
15.60 ± 0.36 c

18.20 ± 0.38 a

3.90 ± 0.19 a
5.40 ± 0.23 a
6.00 ± 0.24 b
8.90 ± 0.28 c

Table 2. Indevelopment seedlings (reactive and germinated embryos) and normal ap-
pearance seedlings of Espeletiopsis rabanalensis S. Díaz & Rodr.-Cabeza cultured in 
different media*

Germinated 
embryos

2.30 ± 0.15 a
1.70 ± 0.13 a
2.60 ± 0.16 b
3.60 ± 0.19 c

Viable

25.06 ± 0.14 a
25.21 ± 0.13 a
24.99 ± 0.16 b
24.73 ± 0.19 c

Non-viable

Normal appearance seedlings (%)

Subcultures

0
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Figure 2. Proliferation rate of Espeletiopsis rabanalensis S. Díaz 
& Rodr.-Cabeza shoots, quantified at the end of six consecutive 
sub-cultures in Murashige-Skoog (MS) medium, supplemented 
with Indol-3-butyric acid (IBA) plus 6-Benzylaminopurine (BA). 
No proliferation was observed for subcultures 1 and 2, as 
well as for the control medium condition (MS medium alone).  
Cumulative values at the end of 6 subcultures are also shown.

4 5 6

MS + 1.0 mg/L IBA 
+ 0.1 mg/L IBA

MS + 0.5 mg/L IBA 
+ 0.05 mg/L IBA

MS + 0.3 mg/L IBA 
+ 0.03 mg/L IBA

Cumulative

1.8

2.8

3.7
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90 % of rooted shoots in MS supplemented with  
7 mg/L IBA and 86.7 % in MS plus 5 mg/L IBA (35.1 
and 33.8 % respectively, from total number of rooted 
shoots). There were statistically significant differenc-
es (Chi-square test; p = 0.0358) between treatments, 
particularly with 5 mg/L IBA which induced the best 
average of root number and length. Keeping in mind 
the minimum length of roots, there were mild sta-
tistical significances (p = 0.0537; Chi = 7.6515) and 
considerable statistical significances for the maxi-
mum length (p = 0.0156; Chi = 10.3718). Nonethe-
less, similar minimum length roots were obtained in 
treatments with MS medium supplemented with either 
3 or 7 mg/L IBA and similar maximum length roots 
when the plantlets were cultured in MS plus 3 or  
5 mg/L IBA (Table 3).

Results quantified in MS plus 5 mg/L or 7 mg/L 
IBA showed the best results of shoot rooting, and also 
the highest amount of developed shoots with basal 
callus (statistically significant differences were found 
between treatments;  p = 0.000547984). These two 
groups also differentiated from the others in the for-
mation of basal calluses. Thus, the most appropriate 
medium for rooting of E. rabanalensis shoots was MS 
supplemented with 3 mg/L IBA (Table 3), this me-
dium supporting the development of numerous, nor-
mal-looking roots of considerable length, whitish and 
showing multiple absorbent hairs (Figure 1 R and S).

In plantlets rooted in MS supplemented with 3, 5 
or 7 mg/L IBA, viability was 75, 15 and 10 %, respec-
tively. Plantlets showed vigorous appearance, pubes-
cent leaves, growth and development of shoots and 
roots with multiple absorbent hairs (Figures 1 T-U). 
Besides, shoots which formed basal callus were not 
viable during hardening, despite they developed roots.

Discussion
When explants coming from adult plants are cultured 
in vitro, establishing completely aseptic cultures is 
usually very difficult due to the action of bacteria and 
fungi already present in those plants [14-16]. Never-
theless, in the case of E. rabanalensis, the application 
of sodium hypochlorite and calcium hypochlorite in 
adequate amounts is an effective alternative for the 
efficient superficial disinfection of sexual embryos. 
This last effect results from the germicide action of 
chlorine, which is less phytotoxic than other disin-
fectants and destroys microorganisms through its ac-
tion on specific cellular components [17]. The use of 
calcium hypochlorite favored the recovery of a high 
percentage of reactive aseptic embryos with a smaller 

alteration and damage to their tissues, similarly to  
reports by Sánchez et al. [18] in Gyrocarpus ameri-
canus and Araque et al. [11] and Bohórquez et al. 
[12] in E. paipana. Furthermore, according to Sán-
chez and Salaverría [19], calcium hypochlorite might 
be part of some processes of vegetal metabolism, 
since Ca2+ is essential for several ones; calcium hy-
pochlorite may also provide soluble calcium to the 
tissue, thereby neutralizing organic acids and the 
production of phenols and polyphenols, substances 
which contribute to the oxidation of the explants dur-
ing superficial asepsis.

Although there were a high percentage of superfi-
cially aseptic embryos in the disinfection treatments 
here assayed, it was also observed that when cultured 
in vitro, the number of reactive and germinative em-
bryos was low, a reason why the amount of viable 
seedlings (2.5 %) 90 days after culture was notori-
ously low. This response was similar to the one ob-
served in E. paipana [12]. Nevertheless, this action 
is not applicable to E. rabanalensis since the inter-
annual flowering rates are notoriously low and the 
reproductive sequence is asynchronous and irregular 
[20, 21], despite the quality of this action is essential 
to establish in vitro cultures from seeds. Therefore, 
the number of available seeds is limited and plants 
further show monoecious flower heads which vary in 
size and number of flowers [22]. They also present 
a strong sporophytic self-incompatibility mechanism 
and a tendency to hybridation [22, 23]. Likewise, 
García et al. [24] have pointed out that for Dendro-
calamus strictus, the availability of seeds is affected 
by the long and erratic flowering cycle of the species, 
which makes its sexual propagation difficult; besides, 
it is also important to note that, in tropical settings, 
seeds lose viability after 2 or 3 months [25].

Noteworthy, in addition to the low germination 
capacity of the embryos, it is not possible to take 
buds, organs or tissues from E. rabanalensis to es-
tablish in vitro cultures. Instead, is relevant to use of 
zygotic embryos as initial explants for the establish-
ment of in vitro cultures, since it allows maintain-
ing, at least in part, the natural genetic diversity of 
the plant, a favorable aspect in the processes of re-
population of natural areas and for in situ and ex situ 
preservation [26]. Guerra et al. [27] pointed out that 
micropropagation systems are an important tool for 
the improvement and massive clonal propagation of 
selected genotypes, and that the use of embryos can 
be justified when conventional propagation meth-
ods were inefficient in the species. That is the case 

Treatment Rooted 
shoots Minimum

MS (control)
MS + IBA 3

0

* Different letters in the same columns indicate differences between culture medium (higher and lower average difference).
MS + IBA 3, IBA 5 or IBA 7: Murashige-Skoog (MS) medium, supplemented with Indol-3-butyric acid (IBA) at 3, 5 or 7 mg/L, 
respectively. Values are presented as average ± standard deviation.

MS + IBA 5
MS + IBA 7

31.2
33.8
35.1

0 a
7.2083 ± 1.02 b

6.7407 ± 1.09 b

Table 3. Average number and length of roots per shoot and formation of basal callus of Espeletiopsis ra-
banalensis S. Díaz & Rodr.-Cabeza, quantified in MS medium supplemented with different concentrations of 
IBA (mg/L)

0 a
0 a

38.5 ± 0.50 b
44.4 ± 0.51 b

Callus-forming 
explants (%)

Per 
treatment

0
80.0
86.7
90.0

Rooting (%) Root length (cm)

8.3076 ± 1.01 c

Maximum

0 a
10.70 ± 1.52 b

9.07 ± 0.97 c
10.65 ± 1.16 b

Roots 
(means)

0 a
8.1 ± 0.99 b

7.0 ± 1.19 d
9.3 ± 1.18 c
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of frailejones and orchids, which bud multiplication  
depends on seed germination for the initial production 
of seedlings. It is worth to say that not all the seeds 
in a flower head, or a capsule for the case of orchids, 
are fully formed or fertile, and only those with a vi-
able embryo actually germinate [28]. In other cases, 
the embryo is too small compared to the seed coat that 
the volume of the seed is formed for up to 96 % of air 
[29], thereby humidity not reaching the embryo, as in 
the case of Laelia speciosa [30]. Therefore, the obtain-
ment of seedlings through in vitro seed germination is 
an appropriate tool when it is used to propagate hybrid 
plants or plants with very particular properties as E. 
rabanalensis.

Regarding the culture media assayed for embryo 
germination, those with mineral salts diluted at ¼ 
(MS/4) and supplemented with GA3 produced the 
best results for in vitro cultures establishment. These 
results matched the ones obtained by Mayo et al. [31], 
Brar et al. [32] and Bohórquez et al. [12] who estab-
lished a high average of seed germination in low-salt 
media. Besides, Vidales [33] indicated that, in order to 
carry out micropropagation in some species, it should 
be advisable to use GA3 during the in vitro and ex vi-
tro establishment phase, since phyto-regulator causes 
a positive effect by improving the germinative energy 
of the species mainly at the beginning of the germina-
tion process and during explant development. In this 
regard, Gamborg et al. [34] and Roca and Mroginsky 
[35] reported that success in the establishment of in vi-
tro cultures depends on the medium selection, includ-
ing chemical composition and physical form. Nev-
ertheless, it is difficult to find a completely efficient 
medium for plant production from seeds, a particu-
larly difficult task for the propagation of wild species.

During the shoot multiplication phase, explants 
coming from germinated embryos which showed 
contamination by bacteria were not viable; they 
suffered necrosis and died after the first or second 
sub-culture. In contrast, explants coming from ger-
minated embryos which did not show contamination 
formed and developed new axillary buds, capable of 
responding to hormonal stimuli from the culture me-
dium and become individualized shoots. Statistical 
resemblance between multiplication responses in the 
different treatments indicates that the range of usable 
hexogen hormonal balance is not so narrow, indicat-
ing that both high and low relative concentrations of 
assayed IBA and BA are effective to induce favorable 
response on shoot proliferation of E. rabanalensis. 
Regarding concentrations, Hugues [36] established 
that the levels of auxin and cytokinin required for 
morphogenesis in explants from different taxa and 
different genotypes were highly variable. Hence, 
such levels must be determined for each species or 
variety. Likewise, the positive effect of the auxin-
cytokinin combination on cellular multiplication and 
the relevance of an adequate auxin/cytokinin balance 
to increase proliferation rates have been corroborated 
for micropropagation of Espeletiopsis muiska [37] 
and E. paipana [12], where a hormonal balance fa-
vorable towards cytokinin was determined.

On the other hand, as shown in figure 2, there 
was a growing tendency in the proliferation rate of  
individualized shoots produced in the MS medium 

supplemented with 0.5 mg/L IBA plus 0.05 mg/L 
BA, with bud formation pattern and shoot develop-
ment consistent and repetitive in such a way that in-
dividualized shoots also formed axillary buds and de-
veloped new shoots. This guaranteed the continuous 
maintenance of proliferative chains and the produc-
tion of shoots for in vitro rooting of E. rabanalensis.

Regarding the media assayed for the rooting pro-
cess, it was observed that none of the shoots cultured 
in the control medium developed roots; therefore, it 
was evident that IBA in the assayed rooting media 
stimulated rhizogenic development of shoots on E. 
rabanalensis. This observation matches the statement 
made by Murashige [38], who determined that high 
relative concentrations of auxin favor root develop-
ment. Data regarding E. rabanalensis shoot rooting 
showed statistically significant differences between 
treatments; nevertheless, it is necessary to bear in 
mind that the excess of auxin in the medium induced 
the formation of basal callus, which according to Rios 
et al. [39] and Bohórquez et al. [12] makes seedlings 
unviable during the processes of acclimatization and 
transference to greenhouse or open field conditions. 
Data registered in table 3 indicate that the number 
and length of the roots increases with the incremented 
concentration of auxin, similar to the process reported 
for E. muiska [37] and E. paipana [12], as long as 
concentration does not exceed 5 mg/L. It may be ob-
served that the average values of the variables studied 
in E. rabanalensis decreased in presence of 7 mg/L 
IBA. Moreover, Németh [40] and Bennett et al. [41] 
indicated that in vitro rooting of the obtained shoots is 
an essential step which directly affects the success of 
in vivo plant regeneration.

Observations performed on rooted shoots indicate 
that both the development of a proper radical sys-
tem and the development of functional roots, which 
facilitate nutrient absorption from substratum used 
during acclimatization, increment the percentage of 
viable seedlings in ex vitro conditions. When prop-
erly done, the acclimatization phase facilitates the 
formation and development of new functional struc-
tures which favor the viability of seedlings produced 
in vitro. That is the case of newborn leaves which 
develop cuticle, produce epicuticular wax and form 
functional stomata which provides an adequate tran-
spiration rate. At the same time, it must be taken into 
account that plants generated by in in vitro culture 
behave as heterotrophic or mixotrophic organisms, 
a reason why during the acclimatization phase they 
are forced to become autotrophs, what changes their 
morphology and makes them susceptible to different 
types of stress.

The substrate used for acclimatization (ground 
mulch, sand and dirt; ratio 3:2:1) resulted appropri-
ate for growth and development of E. rabanalensis 
plantlets. According to Valencia and Ramirez [42], 
this mixture provides high porosity, high water reten-
tion, good ventilation, low pH and a fine texture. In 
fact, the nutritional requirements of E. rabanalensis 
are rather particular, considering that it is a paramo 
species. For instance, Muñoz [43] has pointed out that 
it is important to keep the natural conditions on the 
soil in which the species are intended to be spread and 
later develop, not always being necessary to enrich 
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the soil with fertilizer or any other corrective ele-
ments. Results obtained in E. rabanalensis matched 
those reported for E. muiska [37] and E. paipana [12], 
emphasizing that the initial control of temperature, 
humidity and illumination is essential during the first 
stage of acclimatization. Later on it was shown that 
that seedlings transferred directly from the culture 
room to greenhouse conditions did not survive, even 
though the mixture used as a substrate was adequate 
to establish ex vitro plantlets of frailejon.

Hence, our results contribute to the preservation 
not only of E. rabanalensis, a key species, but of the 
paramos itself as the fragile ecosystem as it is. More-
over, micropropagation of E. rabanalensis for replant-
ing, relocation and preservation of high-mountain 
ecosystems is an affordable and effective strategy for 
the restoration and/or preservation of altered and de-
graded areas, further contributing to the protection of 
water resources. According to Sturm and Rangel [2, 
44], the implementation of such strategy can be ef-
ficient for ecosystems where regeneration processes 
are slow due to low net primary productivity, low 
temperatures, drastic day-to-night temperature oscil-
lations and acid soils, as it is the case of the tropical 
high-mountain ecosystem.

In summary, the establishment of an in vitro propa-
gation protocol for E. rabanalensis contributes to the 
knowledge and preservation of frailejones, facilitating 

the production of plants from embryos superficially 
disinfected with calcium hypochlorite (4 %) and cul-
tured in MS/4 medium further supplemented with  
1 mg/L GA3. The in vitro vegetal material can be 
multiplied through proliferative chains in MS with  
0.5 mg/L IBA plus 0.05 mg/L BA; up to 80 % of shoots 
can produced roots in MS medium supplemented with 
3 mg/L IBA and 75 % viable plantlets can be retrieved 
by the end of the acclimation stage. These also support 
further studies to improve and maintain the native, in-
troduced or endangered species usable for restoration 
of degraded biomes, mainly caused by human produc-
tive activities or due to the climate change.
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