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Introduction

Context of Climate Change
and Biodiversity Loss

Climate change represents one of the
main threats to global biodiversity, with
severe impacts on Andean ecosystems
due to their high biological diversity and
sensitivity to environmental variations.
Factors such as rising temperatures,
changes in precipitation patterns, and the
expansion of agricultural frontiers have
contributed to the degradation of these
ecosystems, leading to the loss of native
plant species (Calixta et al. 2025; Oro
et al. 2024; Urbina & Martinez, 2015).

Importance of Tzimbalo
in the Pintag Community

The community of Pintag Amaru
is in the city of Pintag in the province
of Pichincha, Ecuador, at an altitude of
2850 m.a.s.l at coordinates 0°20°48.6”S
78°24°42.2”W, with a relative humidity
0f 99%. Located south of Quito, near the
Valle de los Chillos, it belongs to a pa-
ramo area characterized by the presence
of the Antisana volcano and an abundan-
ce of streams, making it an important
water source. Pintag presents three dis-
tinct altitudinal zones: high (3400-3900
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masl), middle (3000-3400 masl), and
low (2700-3000 masl) (Ministerio del
Ambiente, 2023). Agriculture is one of
the main economic activities, featuring
potatoes and fava beans crops in the high
zone, corn and beans in the middle, and
greenhouse products like tomatoes, ce-
lery, and lettuce in the low zone. Biodi-
versity includes endemic plant species
threatened by agricultural expansion and
livestock farming. In the lower zone, fa-
mily-managed gardens produce vegeta-
bles and medicinal plants, many of which
are underutilized due to lack of resources
and technical assistance (Guayasamin,
2023; Lizano, 2015). The Tzimbalo (So-
lanum caripense) is a plant species distri-
buted throughout the country and adapts
to humid areas at altitudes between 2200
and 3000 m.a.s.] (Ministerio de Agri-
cultura y Ganaderia, 2022). Its fruit, a
juicy berry high in sucrose, vitamin C,
and minerals, not only provides signifi-
cant nutritional value for humans but is
also a valuable resource for agricultu-
ral biodiversity (Rodriguez-Burruezo,
2003). However, its survival is threa-
tened by urban expansion and habitat
degradation; studies have reported its
presence in only two (2) out of ten (10)
evaluated locations in Quito, suggesting
a concerning reduction in its populations
(Herraiz, 2015). Tzimbalo has been used
in hybridization programs with pepino
dulce (S. muricatum), demonstrating its
potential in crop genetic improvement
and its importance within agrodiversity
(Morales & Vaca, 2016).

Despite this, there is limited infor-
mation about its cultivation and pro-
pagation, reinforcing the need for re-

search that enables its conservation and
sustainable use, ensuring its continued
presence in ecosystems. In 2013, throu-
gh the Community Mediation area, the
Fundacion de Museos de la Ciudad ai-
med to establish connections with nei-
ghborhoods and communities to create,
together with the museums, living spa-
ces for collaborative processes through
the codesign of cultural projects and
action research. Within this framework,
and as part of the “Museo Interactivo de
Ciencia” program, work was carried out
with the communities of Pintag Amaru
and La Toglla, where it was identified
that the fruit of the Tzimbalo species
(Solanum caripense) is considered by
the community as a spiritually powerful
element, used for approximately 300
years in ancestral medicine. This fruit
is employed in healing rituals to treat
what is known as “espanto” (evil eye
-“mal de 0j0”), and negative energies in
children, and is considered as a fruit of
power used by the “Mamas” and “Tai-
tas” in spiritual cleansings (Museos de
la Ciudad, 2023). Field research de-
termined that this species is currently
found in the home of a resident in the
Valencia neighborhood, located 2.5 km
from the center of Pintag, and is the
only living plant registered. In respon-
se to this situation, this research aims
to develop a propagation protocol for
Tzimbalo (Solanum caripense), using
plant-based technologies to harness its
properties through in vitro cultivation
to identify the microbiological contami-
nants that have led to its disappearance
in the areas of Pintag and Ilalo. In this
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way, the study seeks to contribute to the
development of sustainable entrepre-

neurship linked to the preservation of
ancestral knowledge and beliefs.

Theoretical Botanical Description of Tzimbalo

Tzimbalo (Solanum caripense) is a
plant native to the Ecuadorian Andes
that stands out for its ecological ver-
satility and cultural relevance. Its sma-
11, sweet-and-sour fruits are rich in an-
tioxidants and vitamins, making them
an ideal raw material for the production
of preserves, jams, juices, and gourmet
sauces (Herraiz, 2015). Additionally, the
leaves and roots of the plant possess me-
dicinal properties recognized in traditio-
nal medicine, such as their use to relieve
digestive ailments and strengthen the
immune system (Verdezoto, 2017). The-
se characteristics make it valuable not
only from a nutritional perspective but
also as a potential resource for functio-
nal and natural products (FAO, 1996).
Moreover, Tzimbalo has regenerative
properties for degraded soils and serves
as food for pollinators, reinforcing its
importance in local biodiversity. These
attributes position Tzimbalo as a stra-
tegic plant for social development and
entrepreneurship in rural communities
such as Pintag, integrating ecological
conservation with sustainable economic
opportunities through plant-based tech-
nologies (Hartmann & Kester, 1998;
Vésquez, 2021).

According to interviews conduc-
ted with local farmers during a general
assembly, as part of this research, the
decline of Tzimbalo in the community

of Pintag reflects the effects of climate
change and agricultural practices that
have altered its natural habitat. Factors
such as the loss of fertile soils, compe-
tition with commercial crops, and the
absence of conservation strategies have
led to a reduction in its population. This
situation affects local biodiversity and
limits opportunities for the community
to continue benefiting from this plant
due to livestock exploitation in the terri-
tory, affecting the soil putting their an-
cestral and economic heritage at risk (D.
Acosta, personal communication, Oc-
tober 17, 2024), (Andes Ecuador, n.d.).
Knowledge management and innova-
tion enable the integration of scientific
and traditional knowledge with crea-
tive strategies, fostering the develop-
ment of entrepreneurs in management
and conservation who can enhance the
market value and sustainability of such
resources. This process is strengthened
through innovation networks, such as
the collaboration between universities,
communities, and businesses for the de-
velopment of new products. This will
allow for the creation of a replicable
model in other communities, genera-
ting both economic and environmental
impact (Chirinos, Pérez, Martinez de
Merifio & Merifio, 2017; Noroiia, Ca-
jas-Cajas, Revelo-Ofia & Cabrera-Ce-
defio, 2024).
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Materials And Methods

In Vitro Cultivation

According to Herraiz (2015), in vi-
tro plant cultivation involves isolating
plant organs, tissues, or cells and adap-
ting the appropriate conditions to indu-
ce physiological responses and obtain
microbe-free plants in an aseptic (ste-
rile) nutrient medium through explants.
Tissue culture techniques have various
applications and have become a valua-
ble tool in multiple fields. /n vitro plant
cultivation is ideal for investigating pro-
cesses such as cell differentiation and
morphogenesis. /n vitro micropropa-
gation techniques have proven highly
useful for the protection of threatened
flora, successfully enabling the propa-
gation of several endangered and/or
endemic species for their rescue or in
vitro germination processes, such as tro-
pical orchid species (Luna et al. 2016;
Sédez & Roselld, 2013). Currently, in
vitro cultivation techniques have been
consolidated as key tools for the deve-
lopment, conservation, and improve-
ment of fruit species from subtropical
climates (Cardenas, Romero, Echeverri,
& Pacheco, 2023), including blueberry
(Vaccinium spp.), banana (Musa spp.),
and mortifio (Vaccinium floribundum),
among others (Brenes Angulo, Castillo
Matamoros, & Gomez-Alpizar, 2015).
These techniques make it possible to
address challenges such as mass pro-
pagation, germplasm rescue, and the
preservation of genetic diversity. The
most used methods include bud, me-
ristem, and zygotic and somatic embr-

yo cultures due to their effectiveness in
ensuring the regeneration and genetic
stability of propagated plants.

Collection and Preparation
of Solanum caripense Samples

The collection site was in the Va-
lencia neighborhood, 2.5 km from the
center of Pintag, at the home of a resi-
dent designated by the Pintag Amaru
community to preserve the Tzimbalo
species, being the only known living
plant in the area. Two field trips were
conducted during the last quarter of
2024, during which plant tissue samples
were collected from the mother plant
of Solanum caripense. Longitudinal
cuts were made using pruning shears,
harvesting approximately 12 branches,
each approximately 30 cm in length.
The samples comprised leaves ranging
from 2 to 5 cm in size, from which ex-
plants containing axillary and apical
buds (1-2 cm in length) were selected
for propagation. These were transported
in Ziploc bags at room temperature to
the Environmental Laboratory of UI-
SEK University, where they were sto-
red at 3.6 °C to maintain humidity and
prevent dehydration (Jiménez, Barrera,
Huachi, Vera, & Caicedo, 2020). The
extracted material underwent two dis-
tinct processes: the first in the disinfec-
tion area and the second in the laminar
flow hood (Murashige, 1962). The ma-
terials were placed in the laminar flow
hood under ultraviolet (UV) light for 20
minutes to ensure surface sterilization.
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Simultaneously, the disinfection of
the explants was carried out by varying
the concentrations of the reagents and
exposure times, as described in the pro-
tocols by Suquillo (2016). Five disin-
fection treatments were evaluated: T1,
T2, T3, T4, and T5. The explants were
cut into 1.5 cm sections containing buds
and placed in 50 mL of distilled wa-
ter. In disinfection treatment 1 (T1), ten
drops of Tween 20 were added to the
solution. Two consecutive rinses with
distilled water were performed before
transferring the explants to the laminar
flow hood, where they were immersed
in 50 mL of a 2% NacCl solution. Fina-

lly, two additional rinses were carried
out using sterile distilled water. In treat-
ment T2, the explants were disinfected
with 0.5% NaClO, followed by rinsing
with distilled water and 70% ethanol in
the laminar flow hood. Treatment T3,
1% NaClO was used, followed by 70%
ethanol and rinsing with sterile distilled
water in the laminar flow hood. In treat-
ment T4, the explants were treated with
100% and 1% povidone, then with 2%
NaClO, and finally rinsed with sterile
distilled water. In treatment T5, Skul 27
fungicide was applied, followed by 5%
NaClO and a final rinse with sterile dis-
tilled water in the laminar flow Hood.

Table 1

Disinfection process by treatment
Treatment Reagent Time (min) Laminar flow hood
T1 Tween 20 10 NaClO 2% + 2 Ad estéril
T2 NaClO 0.5%+ 2 Ad 15-30s Alcohol 70% + 2 Ad estéril
T3 NaClO 1% + 2 Ad 10-30s Alcohol 70% + Ad
T4 Povidin 100% + Ad + Povidin 1% | 10 NaClO 2%+ 2 Ad estéril
T5 Skul 27 + H20 + NaClO 5% +Ad | 10 Ad estéril

Planting in laminar flow hood

According to the protocol described
by Suquillo (2016), explants were plan-
ted in a basal culture medium. The me-
dium was prepared by adding 30 g of
sucrose, 8 g of agar, and 4.4 g of Mu-
rashige & Skoog salts, with the pH ad-
justed to 5.8. The prepared medium was
then poured into 250 mL glass jars, each
containing 30 mL of the medium, and
sterilized in an autoclave at 121°C and
1 atm of pressure for 45 minutes. For

planting, four explants were placed in
each jar, sealed with plastic film, and
transferred to a controlled environ-
ment chamber. A total of 90 glass jars
were used, with 160 explants distribu-
ted among them. Two trials were con-
ducted: the first with 70 explants and
the second with 90. The explants were
maintained under a photoperiod of 14
hours of light and 8 hours of darkness,
using white LED lighting, as indicated
by Morales & Vaca (2016).
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Results

Atotal of 160 explants were obtained
from the 12 branches. In all trials, the
presence of filamentous fungi was ob-
served and identified as belonging to the
genus Fusarium and Aspergillus through
Gram staining techniques, as illustrated
in Figure 01. Contamination persisted

Figure 1
Solanum caripense explants showing fungal contamination within 48 hours
of inoculation. Mycelial growth is observed around the base of the explant.

in the plant tissue even after disinfec-
tion treatments, appearing at 48 and 120
hours after inoculation. The presence of
fungi in explants from woody plants has
been previously reported, particularly
in mature specimens cultivated in open
fields (Villalobos, Santos, Isea, 2000).

During the second field collection,
visual signs of fungal infection were
observed on the plant. As illustrated in
Fig.2, these findings suggest that con-
tamination may be related to the time

of collection and the surface disinfec-
tion technique applied (Amin & Jaiswal,
1987), and that the fungi may be endo-
genous, forming symbiotic associations
such as mycorrhizae.
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Figure. 2
Contamination observed at 120 hours post-inoculation, identified as Fusarium spp.
by Gram staining. Colonization occurs in both the middle and tissue of the explant.
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Discussions

The micropropagation of Solanum
caripense revealed persistent fungal
contamination, particularly by genera
such as Fusarium and Aspergillus, even
after applying various disinfection pro-
tocols. This phenomenon aligns with
findings by Villalobos et al. (2000), who
identified similar challenges in nodal
explants of woody species. One possible
explanation is the endophytic nature of
these fungi, which inhabit plant tissues
without causing visible symptoms. Whi-
te et al. (2019) suggest that endophytes
can be an essential part of the plant mi-
crobiome, influencing stress responses,
pathogenic resistance, and overall plant
development. Furthermore, Schulz and
Boyle (2005) describe the “endophytic
continuum,” highlighting the dynamic
relationship between host and symbiont,
which may shift from mutualistic to pa-
thogenic, depending on environmental
or physiological conditions.

Acknowledging this possibility opens
the door to future studies aimed at cha-
racterizing these microorganisms using
molecular tools such as ribosomal ITS
DNA sequencing to determine whether
their role in the plant life cycle is mutua-
listic, commensal, or pathogenic. Moreo-
ver, understanding the ecology of these
endophytes could support the design of
more respectful and effective disinfec-
tion strategies, avoiding the inadvertent
removal of beneficial microbes (Choi &
Kim, 2022; Compant et al. 2016). Alter-
native approaches may include the use
of selective antimicrobials or the deve-
lopment of controlled microbial consor-
tia to enhance culture viability without
sterilizing the plant holobiont.

The results obtained (Figures 1 and
2) reveal persistent fungal coloniza-
tion, with mycelial growth appearing
between 48 and 120 hours after inocu-
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lation, despite the application of various
disinfection protocols. This pattern su-
ggests that the contaminants may have
an endogenous origin, possibly forming
part of the plant’s internal microbiome.
These findings align with the concept
of the plant as a holobiont, as propo-
sed by Van der Heijden and Hartmann
(2016), which considers the plant and its
endophytes as a single ecological unit.
From this perspective, conventional di-
sinfection methods may inadvertently
eliminate potentially beneficial sym-
bionts, disrupting explant physiology
and reducing in vitro culture success.
Studies by Hardoim et al. (2015) and
Cassells & Curry (2001) emphasize the
need for more targeted strategies, such
as the use of selective antimicrobial
agents in culture media or the design
of controlled microbiomes (Rasmussen
et al. 2021).

In this context, somatic embryoge-
nesis emerges as a promising alternative
propagation pathway. According to Saez
and Rosell6 (2013), somatic embryoge-
nesis can be employed through embryo
culture, enabling regeneration from cells
that are less exposed to endophytic colo-
nization. Recent research on native Latin
American species has demonstrated that

this technique significantly reduces ini-
tial contamination rates (Martinez et al.
2021). Moreover, as Loyola-Vargas and
Ochoa-Alejo (2016) emphasize, somatic
embryogenesis provides a highly effecti-
ve platform for plant regeneration, gene-
tic stability, and pathogen-free material
production, particularly in recalcitrant
or contaminated species. In addition,
temporary immersion systems (TIS)
have also been suggested as viable al-
ternatives to reduce contamination and
improve nutrient absorption (Etienne &
Berthouly, 2002), offering further oppor-
tunities for optimization.

Moreover, the integration of com-
munity knowledge has been essential
not only in identifying viable explant
sources but also in proposing alterna-
tive ecological disinfection techniques.
The intersection between ancestral
practices and scientific experimenta-
tion offers a culturally respectful and
biologically effective framework for
species conservation. This approach
aligns with the agroecological co-in-
novation model advocated by Altieri
et al. (2015), which highlights the key
role of rural communities in the deve-
lopment and adaptation of sustainable
technologies.

Conclusions

This study indicates that the loss of
the Solanum caripense species is due
to fungal contamination, specifically
identified as belonging to the genus Fu-
sarium. This finding suggests that the
plant material carries an intrinsic micro-

biological load, likely due to its growth
under open-field conditions. Therefore,
it is proposed to carry out micro-propa-
gation using seeds and evaluate whether
its development reaches an exponential
growth phase.
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Variability was observed in the
effectiveness of the disinfection treat-
ments. The different treatments displa-
yed heterogeneous levels of efficacy,
with higher fungal proliferation recor-
ded in those using lower concentrations
of sodium hypochlorite (NaClO). The
images obtained reveal fungal coloniza-
tion on the culture medium, negatively
impacting the micropropagation process
of Solanum caripense. These findings
indicate that, with adjustments to the di-
sinfection protocols and the implemen-
tation of pre-treatments using organic
antifungals or osmotic agents, the sur-
vival and regeneration of explants could
be improved in future cultivation stages.

The fungal contamination detected
in the samples suggests the need for in
situ pre-treatment with fungicides, pre-
ferably of organic origin, as recommen-
ded by the local community, to avoid

harming the soil and other plant spe-
cies. It is anticipated that a well-for-
mulated solution of this kind could be-
nefit not only Tzimbalo but also other
open-field plants facing similar fungal
issues, such as manzana de monte and
zanahoria blanca, which were also exa-
mined in this study.

Finally, it is recommended to de-
velop natural-origin bio-inputs to su-
pport regenerative agriculture through
the combination of different plant and
fungal species from local biodiversity.
The goal is to create a biofungicide ca-
pable of eliminating or inactivating the
fungus without dehydrating the plant,
thus helping the species combat present
pests. The microbiological analysis of
the fungi identified in this research can
serve as a basis for future initiatives ai-
med at developing innovative solutions.
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