
 
Optimizing Ex Vitro Acclimatization of Cinchona spp.                      72 

 

ARTÍCULO DE INVESTIGACIÓN 

* MSc - Instituto de Biotecnología Universidad Nacional de Colombia, Bogotá, Colombia. Mail: jusaavedrac@unal.edu.co - 
https://orcid.org/0000-0003-1527-0428 

** MSc -Instituto de Biotecnología Universidad Nacional de Colombia, Bogotá, Colombia. Mail: slbustamanter@unal.edu.co - 
https://orcid.org/0000-0002-2595-9758 

*** PhD - Formerly Horticultural Department, Agroscope Changins-Wädenswil, Wädenswil, Switzerland. Mail: theil-
er.robert.colombia@gmail.com - https://orcid.org/0009-0003-3705-6542 

Rev. Colomb. Biotecnol. Vol. XXVII No. 1 Enero - Junio  2025,  72 - 80 

Optimizing ex vitro Acclimatization of Cinchona spp.:  
Towards the establishment of an industrial crop in Colombia 
 

Optimización de la aclimatación ex vitro de Cinchona spp.:  
Hacia el establecimiento de un cultivo industrial en Colombia 
 

Juan David Saavedra Correa*, Silvia Lizette Bustamante Rodríguez**, Robert Theiler*** 

DOI: 10.15446/rev.colomb.biote.v27n1.118377 

 
ABSTRACT 
 
Efforts to optimize ex vitro transfer techniques of un-rooted in vitro shoots of Cinchona spp. (Rubiaceae) a native tree 
of the andean forests, are crucial for promoting sustainable cultivation practices of this medicinal plant. Renowned for 
its historical significance and effectiveness in treating malaria and other ailments, the tree holds a prominent position in 
botanical research, food industry, and pharmaceutical applications due to its production of alkaloids such as quinine 
and quinidine. This study aimed to improve the acclimatization process of un-rooted in vitro shoots of Cinchona, facili-
tating their transplantation to field conditions for establishing a plantation in Colombia. The results revealed that com-
pared to commercial available substrates (pH higher than 5.5), the utilization of peat moss substrate (pH lower than 4 
and electric conductivity lower than 100 μS / cm-1) led to significantly higher survival rates (>87%) and improved 
growth outcomes. This underscores the efficacy of peat moss in facilitating the acclimatization process of ex vitro 
plants over a 12-week period, ensuring robust development and survival of the plants, which guarantees vigorous 
specimens for field plantation. 
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RESUMEN 
 
Los esfuerzos para optimizar las técnicas de transferencia ex vitro de brotes no enraizados in vitro de Cinchona spp. 
(Rubiaceae), un árbol nativo de los bosques andinos, son cruciales para promover prácticas de cultivo sostenible de 
esta planta medicinal. Reconocida por su importancia histórica y su eficacia en el tratamiento de la malaria y otras 
dolencias, la planta ocupa una posición destacada en la investigación botánica, la industria alimentaria y las aplicacio-
nes farmacéuticas debido a su producción de alcaloides como la quinina y la quinidina. Este estudio tuvo como objeti-
vo mejorar el proceso de aclimatación de los brotes de Cinchona propagados in vitro no enraizados, facilitando su 
trasplante a condiciones de campo y sentando las bases para establecer una plantación en Colombia. Los resultados 
revelaron que, en comparación con los sustratos comerciales disponibles (pH superior a 5.5), la utilización de sustrato 
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de turba (pH inferior a 4 y conductividad eléctrica inferior a 100 μS / cm-1) condujo a tasas de supervivencia significati-
vamente más altas (>87%) y mejores resultados de crecimiento. Esto destaca la eficacia de la turba en la facilitación 
del proceso de aclimatación de plantas ex vitro durante un período de 12 semanas, asegurando un desarrollo y super-
vivencia robustos de las plantas, lo que garantiza especímenes vigorosos para la plantación en campo.  
 
Palabras clave: Cinchona, Transferencia ex vitro, Aclimatación, Brotes no enraizados. 
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INTRODUCTION 
 
Originating in the Andean regions of Bolivia, Peru, Ecua-
dor, and Colombia, Cinchona spp.  holds a profound 
historical significance as a traditional remedy known as 
"quina-quina" for treating symptoms of fever (Taylor, 
1943). The bark of the Cinchona tree is highly valued for 
its bioactive alkaloids —quinine, quinidine, cinchonine, 
and cinchonidine— which confer its medicinal properties 
(Schaepmeester, 2021). In addition, due to the bitter 
taste, quinine is actively used in the beverage industry 
for producing tonic water (Nikolaeva et al., 2019; Pain, 
2019). Global production of Cinchona alkaloids is esti-
mated at approximately 600 tons per year, with 40% 
destined to the food and beverage industry and 60% for 
pharmaceutical applications (Schaepmeester, 2021; Yip 
et al., 2023). This high global demand for Cinchona bark 
and its derivatives underscores the critical need for sus-
tainable cultivation practices, to ensure the availability of 
the resource. 
 
The therapeutic use of cinchona trees dates back to the 
early 16th century, when Spanish colonizers document-
ed that indigenous Andean civilizations used their bark 
to treat fevers (Díaz-Piedrahita, 2003; Sandoval & Echan-
día, 1986). By the 17th century, Jesuit missionaries in 
Peru recognized its therapeutic effectiveness in combat-
ing malaria (Jaramillo-Arango, 1949; Achan et al., 2011), 
in the following decades, the cinchona bark trade to 
Europe became popular; however, concerns about over-
exploitation increased in the 18th century, prompting 
scientific expeditions to the Andean mountains by 
Dutch, English, and French scientists in the mid-19th 
century, to obtain seeds and seedlings and start planta-
tions in their colonies (Taylor, 1943; Crawford, 2014, 
2016). Subsequently, the establishment of Cinchona 
plantations in Java (Indonesia), India, and Africa, during 
the late 19th century transformed the global Cinchona 
bark trade and malaria treatment (Roersch van der 
Hoogte & Pieters, 2014). 
 
In the 20th century, efforts to improve Cinchona planta-
tions productivity were established in central Africa by the 
Dutch, Belgians, and Germans at Bukavu, Democratic 

Republic of Congo (Pharmakina SA, 2016). However, the 
spread of Cinchona root disease caused by the soil-borne 
pathogen Phytophthora cinnamomi led to high losses of 
trees in certain plantations (Theiler, 2014). Pharmakina 
S.A. initiated a project with ACW (Agroscope Changins-
Wädenswil, Switzerland) to identify and multiply P. cin-
namomi tolerant plants (mainly obtained by seed-grown 
field plants) through in vitro techniques. Some of these P. 
cinnamomi tolerant Cinchona genotypes were kept in 
vitro at ACW and eventually transferred to the Tissue Cul-
ture laboratory at the Instituto de Biotecnología (IBUN) at 
the Universidad Nacional de Colombia for in vitro micro-
propagation and ex vitro acclimatization (Theiler, 2014). 
This attempt is part of a broader initiative to establish a 
small plantation in Colombia to produce cinchona bark. 
These undertakings are indispensable for initiating a sus-
tainable cultivation and preservation of the Cinchona tree 
in Cundinamarca, Colombia. 
 
In vitro culture techniques provide a disease-free con-
trolled environment for the massive propagation of Cin-
chona plants in short periods (Armijos-González & Pérez-
Ruiz, 2016; Moraes et al., 2021; Vivanco-Galván et al., 
2022; Duta-Cornescu et al., 2023), setting the foundation 
for subsequent transplantation to field conditions. Howev-
er, the transition from in vitro to ex vitro conditions poses 
significant challenges. In vitro plants are characterized by 
underdeveloped cuticles and low stomatal functionality, 
making them highly susceptible to desiccation, transplant 
shock, and nutrient deficiencies when transferred to ex 
vitro environments (Perea Dallos et al., 2009; Mahendra 
et al., 2020). Consequently, this step impacts plant surviv-
al and growth rates; thus, micropropagated plants often 
lack the physiological adaptations necessary to survive ex 
vitro, leading to reduced survival rates and hindered 
growth (Oakes et al., 2020; Shiwani et al., 2022).  
 
Therefore, optimizing ex vitro acclimatization techniques 
becomes essential for starting sustainable cultivation and 
conservation practices for Cinchona spp., improving 
plant health and overall productivity.  Several studies 
have focused on the in vitro conservation of Cinchona 
species (Hunter, 1972; Armijos-González & Pérez-Ruiz, 
2016; Lima-Jimenez, 2018; Serrano et al., 2019; Vivanco-
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Galván et al., 2022), nevertheless, there is a lack of re-
search related to the ex vitro acclimatization process in 
cinchona. To address this knowledge gap, this study 
aims to refine ex vitro acclimatization techniques for 
Cinchona spp. by evaluating various substrates, facilitat-
ing the transition of in vitro plants to field conditions, as 
well as the long-term preservation of this economically 
significant plant species and establishing a future sustain-
able production system in Colombia. 
 

MATERIALS AND METHODS 
 
Selection of Plant Material  
Four different genotypes of Cinchona spp. hybrids of 
Cinchona calisaya (formerly C. ledgeriana) and Cinchona 
pubescens (formerly C. succirubra) (Andersson, 1998; 
Schaepmeester, 2021), were selected based on their 
potential tolerance to the pathogen Phytophthora cin-
namomi. These selections were part of a research pro-
ject between Pharmakina (DRC) and ACW 
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(Switzerland), aimed at ensuring a sustainable quinine 
bark supply in central Africa nearly four decades ago. 
These genotypes, identified as LC29, LF211, LF40, LF74 
and LF74GB (an in vitro selection of LF74 with larger leaf 
blades), were transferred to the laboratory of Plant Tis-
sue Culture at the Instituto de Biotecnología (IBUN) of 
the Universidad Nacional de Colombia, in Bogotá, ap-
proximately ten years ago (Theiler, 2014). 
 
Before acclimatization, the Cinchona plants were main-
tained and propagated in vitro by shoots in a modified 
Murashige and Skoog (M&S) medium supplemented 
with 1 mg/L of benzylaminopurine (BAP) and 0.1 mg/L 
of indole-3-butyric acid (IBA) (Hunter, 1979), in glass jars 
of 300 and 450 ml (Figure 1a), in vitro subcultures were 
performed every 12 weeks to prepare the plants for 
transfer to ex vitro conditions (Figure 1b). Maintaining a 
temperature range of 24°C ± 3°C, with a photoperiod 
consisting of 14 hours of light and 10 hours of darkness 
under white light, at an intensity of 25–35 µmol m-2 s-1 
photon flux density (PFD). 
 
Acclimatization and Substrate Selection 
In vitro shoots from each Cinchona genotype, with a 
minimum of three pairs of leaves, without roots and a 
length of ≥2 cm, were chosen for the acclimatization 
and hardening phase. This selection process aligns with 
established protocols recognized for enhancing plant 
adaptability to external conditions (Jagiełło-Kubiec et al., 
2021; Shiwani et al., 2022). The rootless shoots were 
placed in seedling trays (Figure 1c) equipped with trans-
parent plastic covers , which created a microenviron-
ment conducive to maintaining humidity levels for four 
weeks, facilitating a gradual transition from in vitro to ex 
vitro conditions.  
Initially, a preliminary experiment was conducted to as-
sess the survival rates of the selected shoots across five 
substrate variations: compost and garden soil mix (1:1) 
(S1), Sandy soil (S2), Commercial garden soil (Anasac®) 

(S3), peat substrate mixed with commercial garden soil 
(1:1) (S4), and peat moss substrate (Pindstrub®) (S5) 
(Table 1). 
 
The trays were placed in a greenhouse at the IBUN, to 
maintain optimal controlled environmental conditions, 
with a temperature range of 25-28°C during the day and 
17-22°C during the night, and an exposure to 12 hours 
of daily light with a light intensity between 16 to 24 
µmol m-2 s-1, and a relative humidity (RH%) level above 
70%. After four weeks the survival rate was calculated 
according to the equation: Survival Rate (%) = (Number 
of surviving plants / Total number of plants) × 100. 
 
Second stage of acclimatization 
Upon completion of the initial acclimatization phase, the 
plant shoots were exposed to ambient conditions by 
gradually removing the covers, allowing them to adapt 
incrementally to environmental conditions. Additionally, 
plants were watered two times per week and received a 
sprayed foliar fertilization with a diluted M&S medium 
salts solution at pH 5.8 every two weeks. During twelve 
weeks’ period, continuous monitoring of plant growth 
parameters, including shoot length, nodes, and leaf 
count, was conducted to evaluate the effectiveness of 
the acclimatization technique employed.  
 
Data collection, and statistics analysis 
During the initial stage, 100 un-rooted in vitro shoots (20 
per genotype) were planted in each of the five sub-
strates under evaluation to assess viability based on sur-
vival rates. After identifying the substrate with the high-
est survival rate in a period of four weeks, the main ex-
periment proceeded with 15 in vitro rootless shoots per 
Cinchona genotype chosen as replicates, which was 
repeated three times over the course of a year. Observa-
tions on shoot length, leaf pairs, and node number, were 
recorded during 12th week after transfer to ex vitro con-
ditions. The final survival rate and growth parameters 
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data were analyzed statistically using the nonparametric 
Kruskal-Wallis Test (Kruskal & Wallis, 1952), as the data 
did not meet the assumptions of normality and homoge-
neity of variances. The differences amongst the mean 
values (P < 0.05) were calculated by Wilcoxon signed-
rank test using the using the R program (v.4.0.5. R De-
velopment Core Team, 2021). All the results are present-
ed in the form of mean ± SD. 
 
RESULTS AND DISCUSSION 
 
In vitro multiplication 
Five in vitro genotypes of Cinchona spp. originating from 
established Congolese plantations (Theiler, 2014), were 
micropropagated using a modified MS medium (Hunter, 
1979). The micropropagation resulted in plant clusters 
with shoots ranging from 2 to 3 cm in length within a 
three-month subculture cycle (Figure 1b). Before the 
acclimatization phase, it was determined to exclude the 
in vitro rooting phase as part of protocol optimization 
efforts, recognizing the inherent complexities associated 
with in vitro rooting, including plant recalcitrance and 
slow root initiation particularly in woody plants species 
including Cinchona tree (Abdalla et al., 2022).    
 
Survival rates in the different substrates 
Rootless shoots were transplanted into the five soil sub-
strates under evaluation (Table 1), throughout the initial 
4-week acclimatization period in the greenhouse. Shoots 
of Cinchona spp. were covered during this phase to facil-
itate the hardening process while maintaining high hu-
midity levels. After this period, the average survival rate 

was assessed (Figure 2). The peat moss substrate (S5) 
yielded an 87.3% survival rate, which was significantly 
higher (P < 0.05) compared to the survival rates in the 
other remaining substrates (S1, S2, S3, and S4). where 
the survival rate dropped to below 20%. 
 
Survival rates following the initial stage of acclimatiza-
tion exhibited a pronounced inclination towards acidic 
soils, the experiment indicated the limitation to success-
fully establish in vitro shoots in soils where the pH con-
centration is above 5.5. Consequently, peat moss sub-
strate (Pindstrub®) (S5) was selected as the optimal 
choice with an average pH of 3.65 and electrical con-
ductivity (EC) of 86 μS/cm-1. S5 is characterized by hav-
ing a low pH, high water retention capacity, and high 
porosity (Shin et al., 2012; Pandey et al., 2019). These 
properties are advantageous for rootless shoots as they 
ensure consistent moisture around the developing basal 
area where root initiation typically occurs, accompanied 
by the promotion of soil aeration ensuring sufficient oxy-
gen supply necessary for gas exchange and nutrient ab-
sorption (Clapa et al., 2013; Ben & Friedman, 2018). 
Additionally, the combination of low EC and acidic na-
ture could probably have minimized salt stress in the 
micropropagated plants and could have provided a 
more balanced and readily available nutrient source 
compared to higher EC substrates (Prasad, 2022). Fur-
thermore, in the peat moss substrate (S5), survival rates 
were consistent across all genotypes, with no significant 
differences in survival rates between them (P > 0.05). 
This commercial substrate stood out for its performance 
compared to others evaluated, emphasizing its uniform 
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efficacy in supporting survival across various genetic 
backgrounds within the Cinchona genotypes. 
 
Conversely, the low survival rates observed in substrates 
S1, S2, S3, and S4 compared to peat moss (S5) are prob-
ably due to a combination of factors related to their pH 
and electrical conductivity (EC). Most of the substrates 
have a neutral to slightly acidic pH (around 7.0 and 
5.25. respectively) which might not be optimal for Cin-
chona shoots development. This observation aligns with 
existing reports highlighting the plant's preference for 
acidic soils in its natural habitats (Gómez Silvera et al., 
2016; Villar Cabeza et al., 2018; Rufasto Peralta, 2021). 
Additionally, Substrates such as S3 and S4, which have a 
high EC value (320 and 910 μS/cm-1 respectively) could 
have induced salt stress in the rootless shoots, hindering 
their ability to absorb water and nutrients (Zsolt et al., 
2020). While S2 has a more favorable pH (5.10), its very 
low EC (<50 μS/cm-1) might indicate a lack of readily 
available nutrients, likely contributing to the poor surviv-
al rates seen in these substrates. 

Second stage of acclimatization  
Due to these results, the shoots were maintained in peat 
moss substrate for an additional eight weeks, after this 
period the growth of Cinchona spp. genotypes were 
evaluated (Table 2).  Wilcoxon's rank sum tests indicated 
there were significant differences (P < 0.05) between 
genotypes in terms of shoot height, the number of 
nodes and leaf pairs. Genotype LF211 stood out with 
the tallest shoots (9.4 cm ±3.0), the highest average 
number of nodes (5.6 ±1.3), and the most leaf pairs (7.0 
±2.5). Conversely, LF74 exhibited the lowest values in all 
three categories: shoot height (5.6 cm ±2.4), number of 
nodes (4.0 ±1.0), and number of leaf pairs (4.9 ±1.0). 
LC29, LF40 and LF74GB displayed intermediate values 
for all parameters. 
 
The variations in growth parameters among the different 
Cinchona genotypes (Figure 3) underline the signifi-
cance of their distinct physiological responses and the 
interplay between genetics and environmental factors 
during ex vitro acclimatization.  This diversity in growth 
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attributes reflects the inherent variations dictating the 
plants' growth patterns and resource allocation strategies 
(Espinosa-Leal et al., 2018). LF211's taller shoot height 
and greater number of nodes and leaves suggest a ro-
bust growth phenotype, potentially indicating an adapta-
tion to the peat moss substrate. In contrast, LF74's com-
paratively shorter shoot height and fewer nodes and leaf 
pairs may imply a less vigorous growth phenotype, em-
phasizing the importance of genotype selection for opti-
mal cultural practices. However, the sustained high sur-
vival rates exhibited in all genotypes, despite differences 
in growth parameters, demonstrate the promising poten-
tial of Cinchona genotypes to thrive under the con-
trolled ex vitro environmental conditions proposed in 
this research. 
 
Furthermore, a key aspect of successful ex vitro acclima-
tization involves gradually exposing the plants to fluctu-
ating humidity conditions (Hazarika et al., 2006; Perea 
Dallos et al., 2009; Chandra et al., 2010; Deng et al., 
2015; Mahendra et al., 2020). By systematically remov-
ing the transparent covers for limited periods throughout 
the last 8 weeks of the experiment, the plants progres-
sively acclimated to fluctuations in humidity and temper-
ature, mimicking the ex vitro environment. This approach 
culminated in the complete removal of covers at week 
10, signifying a milestone indicating sufficient adjust-
ment for field transplantation, and promoting enhanced 
plant resilience and vitality. After twelve weeks the Cin-
chona spp. plants from the greenhouse at IBUN were 
transplanted to plastic pots (Figure 1d) and relocated to 

a farm situated in the coffee production area of Sasaima, 
Cundinamarca, where the acclimatized Cinchona plants 
were carefully maintained under shaded and protected 
conditions, in a substrate comprised of a (1:1) mixture of 
peat moss substrate (S5) and field soil with a pH level 
averaging 6.5 and EC concentrations ranging between 
380-425 μS/cm-1. Over the course of six months in this 
environment, the plants grew to a height of ≥30 cm 
(Figure 1e), after which they were transplanted into field 
conditions (Figure 4). 
 
CONCLUSION 
 
The optimization of ex vitro acclimatization techniques 
for un-rooted in vitro shoots of Cinchona spp. genotypes, 
particularly through substrate selection and systematic 
management of environmental factors, underscore the 
role of strategies in promoting survival rates on in vitro 
plant shoots, maintaining high levels of relative humidity 
(>90%) during this stage is essential to encourage plant 
survival and facilitate the transition from rootless in vitro 
shoots to ex vitro conditions. Likewise, the research high-
lighted the effectiveness of the peat substrate (pH 3.73 
and EC of 86 μS/cm -1) with a high survival rate com-
pared to other substrates. Furthermore, the analysis of 
growth parameters showed variations between the gen-
otypes, indicating their different physiological responses 
and their adaptability to the peat substrate. These condi-
tions during the acclimatization phase were essential 
since it improved the resistance and vitality of the plants 
for a successful transplantation to field conditions. These 
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results can contribute to the establishment of a commer-
cial plantation in Colombia, generating a robust stock 
material from hybrid plants. Likewise, our findings could 
have a connotation for conservation efforts, in the rein-
troduction processes of threatened Cinchona species 
through in vitro culture techniques. 
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