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ABSTRACT  

The research analyses the germination of seeds of Cinchona officinalis L., in three 

soils of populations located in three sectors of the province of Cajamarca in Peru, for 

its reintroduction in areas where it has disappeared. The seeds were collected in the 

localities from which the soil samples were obtained and moved to the city of Trujillo, 

Peru. An experimental design was established per block with three soils and three 

replicates of 2 kg each with 100 seeds per replicate, for a total of 300 seeds per soil. 

Perforated plastic containers with lids were used. Spray irrigation was applied daily 

and the units were covered to conserve humidity. Seedlings were counted between 

13 and 60 days and their height was measured at the end of the study. Non-

parametric analysis of variance was performed with á = 0.05 to establish the 

influence of soil on the percentage of germination. It was concluded that the seeds 

of C. officinalis L. can germinate maintaining similar conditions to those of its habitat 

(temperature and humidity); also the soil where the biggest quantity of seeds 

germinated was the one with a sandy loam texture. It was concluded that the type 

of soil has significant influence on the percentage of germination with p<0.05. It was 

demonstrated that it can reproduce outside its habitat for reforestation purposes in 

the areas where this emblematic plant of Peru has disappeared. 

 

Keywords: cinchona tree; soil texture; seedlings; reforestation.  
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RESUMEN  

En la investigación se analiza la germinación de semillas de Cinchona officinalis L., 

en tres suelos de poblaciones ubicadas en tres sectores de la provincia de Cajamarca 

en Perú, para su reintroducción en zonas donde ha desaparecido. Las semillas se 

recolectaron en las localidades de donde se obtuvieron las muestras se suelo y se 

trasladaron a la ciudad de Trujillo, Perú. Se estableció un diseño experimental por 

bloque con tres suelos y tres réplicas de 2 kg cada una con 100 semillas por réplica, 

para un total de 300 semillas por suelo. Se utilizaron envases de plástico perforados, 

con tapa. Se aplicó riego por atomización diariamente y se taparon las unidades para 

conservar la humedad. El lapso de conteo de las plántulas fue entre 13 y 60 días; 

además, se midió la altura de las mismas al final del estudio. Se realizó análisis de 

varianza no paramétrica con á= 0,05 para establecer la influencia del suelo sobre el 

porcentaje de germinación. Se concluyó que las semillas de C. officinalis L. pueden 

germinar manteniendo las condiciones similares a las de su hábitat (temperatura y 

humedad); también el suelo donde germinó la mayor cantidad de semillas fue el de 

textura franco-arenosa. Se concluyó que el tipo de suelo tiene influencia significativa 

sobre el porcentaje de germinación con p<0,05. Se demostró que se puede 

reproducir fuera de su hábitat con fines de reforestación de las zonas de donde ha 
desaparecido esta planta emblemática del Perú.  

Palabras clave: árbol de quina; textura de suelo; plántulas; reforestación.  

 

SÍNTESE  

A pesquisa analisa a germinação de sementes de Cinchona officinalis L., em três solos 

de populações localizadas em três setores da província de Cajamarca, no Peru, para 

sua reintrodução em áreas onde desapareceu. As sementes foram coletadas nas 

localidades de onde as amostras de solo foram obtidas e transferidas para a cidade 

de Trujillo, Peru. Foi estabelecido um desenho experimental por bloco com três solos 

e três réplicas de 2 kg cada uma com 100 sementes por réplica, para um total de 

300 sementes por solo. Foram utilizados recipientes de plástico perfurado com 

tampas. A irrigação com spray foi aplicada diariamente e as unidades foram cobertas 

para conservar a umidade. As plântulas foram contadas entre 13 e 60 dias e a sua 

altura foi medida no final do estudo. A análise não paramétrica de variância com á= 

0,05 foi realizada para estabelecer a influência do solo na percentagem de 

germinação. Concluiu-se que as sementes de C. officinalis L. podem germinar 

mantendo condições semelhantes às do seu habitat (temperatura e humidade); 

também o solo onde germinou a maior quantidade de sementes foi aquele com 

textura arenosa de argila. Concluiu-se que o tipo de solo tem influência significativa 

na percentagem de germinação com p<0,05. Foi demonstrado que ela pode se 

reproduzir fora de seu habitat para fins de reflorestamento nas áreas onde esta planta 

emblemática do Peru desapareceu.  

Palavras-chave: árvore cinchona; textura do solo; mudas; reflorestamento.  

 

INTRODUCTION  

Cinchona officinalis L., known as the Quina or Cascarilla tree, is a plant belonging to 

the botanical family Rubiaceae, native to the South American Andean zone, 

specifically Bolivia, Peru, Ecuador, Colombia and Venezuela (Gómez et al., 2016). 

From the bark of this tree, a substance rich in an alkaloid called quinine is extracted, 
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which is used to treat malaria. Although it is known generically as officinalis 

(medicinal), about 23 species of the genus Cinchona are known and Peru is the 

country that has more species (19), even appears in the National Shield (Álvarez, 

2013). Since ancient times, the medicinal use of cinchona was known by the native 

peoples of the Andes, which made its properties and benefits spread with the Spanish 

colonization, becoming one of the trees that has saved more lives in the world. Its 

medicinal use has also been its misfortune, because it is an endangered species due 

to its excessive exploitation and inadequate use of forests, which has caused the 

death of thousands of plants (Dulce, 2013). As a tree native to the Andean region, 

the climate where it is distributed is predominantly warm and humid, with abundant 

rainfall and cloudiness almost all year round; these are high areas with influence on 

the microclimate and variations in temperature and rainfall according to altitude and 

latitude (Zevallos, 1989).  

In the case of Peru, the cinchona tree is considered a national symbol, because it 

appears on the national shield; however, there is a great lack of knowledge among 

the population about the level of risk of this tree, because it has been indiscriminately 

extracted from its environment and taken to Asia for commercial exploitation. 

Although reforestation projects have been carried out with endemic species of the 

genus Cinchona, such as in the Andean zone of Lambayeque (Muñoz, 2017), some 

sources, such as that of the news portal Radio Podcast Peru in Lima (RPP, 2017), 

mention that to date, of the 19 species that exist in Peru, there is no inventory of the 
trees that are found in the wild.  

The reproduction of cinchona requires specific climatic conditions, as it is a species 

whose habitat is in a cloud mountain area. Therefore, studies have been carried out 

at laboratory level in order to reproduce it under controlled conditions (Campos-Ruíz 

et al., (2016); Caraguay-Yaguana, (2016); Jeréz, (2017); Lima et al., (2018), 

recreating the necessary temperature and humidity conditions at the greenhouse 

level. The purpose of this research is to determine the germination potential of the 

plant outside its natural habitat, maintaining similar conditions, for its possible 

reintroduction in those areas where it has disappeared due to deforestation and 
overexploitation.  

MATERIALS AND METHODS  

Seeds of C. officinalis L. were collected from wild populations located in the La 

Cascarilla-Jaén Minor Settlement (1,850 m), Tayabamba (1,200 m) and Santa Elena 

(2,100 m). Three composite soil samples were also taken from the same sites where 

the seeds were collected, following the protocol established in the Peruvian Ministry 
of Environment's Soil Sampling Guide, (2014).  

The seeds and soil samples were moved to the city of Trujillo-Peru, located at sea 

level, where the trials were conducted, establishing an experimental design by blocks, 

completely randomized. The nomenclature used for the design is shown in Table 1 
(Table 1).  
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Table 1. - Nomenclature used for the experimental units 

 

The soils were characterized to obtain their texture using the sedimentation method 

described by Andrades et al., (2015). The soil samples used were 2 kg of soil placed 

in plastic containers or trays with lids. In each experimental unit, 100 seeds were 

sown at random according to their origin and watered by atomization, with daily 

frequency, closing each experimental unit to maintain a microclimate with high 

humidity that simulated the conditions of the natural environment from which the 
seeds were obtained. 

The monitoring of the number of seedlings in each experimental unit was carried out 

from 13 days to 60 days, making a total, accumulated and average count, and then, 

through non-parametric statistical analysis, establishing whether there was a 

significant difference between germination with respect to the type of soil. Non-

parametric statistical models were applied because, as this was a preliminary study, 

there were not enough data to test assumptions of normality, in which case this type 

of test is more convenient. The statistical software InfoStat, version 2018, was used. 

In addition, the height of the seedlings was measured at the end of the maximum 
research time. 

The following parameters, related to seed germination, were also determined 

(González and Ürozco 1996): 

Coefficient of speed of germination (Equation 1). 

 

Average germination time (Equation 2).  

 

Index of germination (Equation 3).  

 

Seep of germination (Equation 4).  
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Where:  

ni=number of seeds germinated per day i,  

ti=number of days after sowing,  

t=germination time from sowing to germination of the last seed,  

N=total number of seeds sown,  

CV=germination rate coefficient,  

T=average germination time,  

IG=germination index,  
M=germination speed.  

RESULTS AND DISCUSSION 

The results of the monitoring of the germination of the seeds in each of the 

experimental units, during a period of 60 days (Table 2). 

It is observed that most seeds germinate after 13 days in all soils. On average, 58,1 

% of the seeds germinate in that time. It is also evident that in the STY the number 
of germinated seeds was higher, followed by the SLC and in third place the SSE. 

Table 2.- Results obtained from the germination of seeds of C. officinalis L. 

 

The average size of the seedlings at the end of 60 days of monitoring was higher in 

STY (2.0 cm) and the average size of the seedlings germinated in SSE and SLC soils 

was the same (1.0 cm). 

The conditions in the locality where the experimental units were established were 

maintained at a temperature between 13.5 and 22.0 ºC and, as they were managed 

in a closed environment, the microclimate created presented a humidity close to 100 

%, which is common in the areas where the seeds and soil samples were collected. 

This, according to what Sánchez and Vásquez, (2010) report on the climate map of 

the department of Cajamarca, where the region of Jaén is classified as an equatorial 

forest climate, dry, hot and humid, with average temperatures above 18 ºC and no 

dry season, with rainfall throughout the year (60.85 mm on average), the rainiest 

months being October, November and December.  
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The replication of the temperature and humidity conditions present in the natural 

habitat of C. officinalis L., showed that this species, despite being adapted to the 

equatorial forest, can germinate, if the humidity condition is maintained, in areas of 

lower altitude and higher temperatures than its habitat. In this regard, Espinosa and 

Rios, (2014) in their study of the growth of seedlings of C. officinalis L., reported that 

they were maintained at an average temperature of 23 º C, which is consistent with 
the temperature measured in this research. 

The percentage of germination of the seeds varied according to the type of soil where 

they were sown, reaching a maximum of 50 % in the soil of the Tayabamba sector 

with a sandy loam texture. The percentage of germination obtained coincides with 

those reported by Lima et al., (2018), which show values between 41.1 and 74.4 %. 

The results of Caraguay-Yaguana, (2016) were also consistent with those who 

obtained 50 % seed germination for low light conditions at the laboratory level. 

Campos-Ruíz et al., (2016) also reported higher germination values than those 

obtained; however, the cited authors used seeds of Cinchona pubescens and applied 

treatments to improve the results. Jeréz, (2017) also reported, for seed of C. 

officinalis L. germination of more than 80 %, but under controlled laboratory 

conditions, which evidently affects the difference with respect to the results of the 

present investigation, where the seeds germinated under greenhouse conditions 

without treatments to improve their germination. It was only sought to simulate the 

natural conditions of their habitat. 

With regard to the growth of the seedlings at 60 days, it was observed that in STY 

the size exceeded the other soils by 100 %, which showed that not only is there 

greater germination in this soil, but that the seedlings develop with a greater size in 

the same period of time compared to the other two soils used. When comparing these 

results with those reported by Asicona, (2013) it is observed that the development 

of the seedlings was higher in the present study, due to the fact that the cited author 

reports a maximum of 3.2 cm at 150 days, so if a linear growth is considered, it 

would be approximately 1.3 cm at 60 days; similar result to those obtained in the 
SSE and SLC soil samples, but lower than the STY soil. 

The growth rate of C. officinalis L. seedlings was also studied by Espinosa and Rios, 

(2014), who reported a value of 2.63 cm in 120 days (0.022 cm/day), a result that 

is also lower than that obtained in the investigation, because the daily growth rate 

was 0.033 cm/day. The growth rate of cinchona seedlings varies according to the 

species, which can be seen by comparing the results obtained with works such as 

that of Gómez et al., (2016), who report that C. pubescens, Vahl (red cinchona) 

reached a height of between 3 and 4 cm in 60 days, which means a growth rate of 

between 0.05 and 0.067 cm/day, higher values than those obtained in the 
investigation for C. officinalis L. 

The germination curves stabilize after 40 days, regardless of the type of soil, with 

cessation of germination after 45 days (Figure 1). 
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Figure 1. - Seed germination curves  

The germination curves by type of soil were similar in behavior and uniformity, with 

a slight difference in the stabilization time in SSE and SLC soils and the results in 

STY. In their investigation, Moreno and Conde, (2016) determined that the seeds of 

C. officinalis L. stabilized their germination curve in a minimum time of 50 days, 

which contrasts with what was obtained in the present investigation, where it was 

observed that the stabilization occurred five days earlier (45 days), which is due to 

the different conditions of the trials established for the present investigation, more 
favorable in comparison with the results of the cited authors.  

Another result that contrasts with the one obtained was that of Campos et al., (2016), 

who obtained germination stabilization times between 23 and 29 days; however, the 

authors applied treatments to accelerate germination, which is the cause of the 

differences, since they induced most of the seeds to germinate in a shorter time. In 

all the cases reviewed, the seeds of C. officinalis L. were germinated under controlled 

laboratory conditions; most of them were subjected to fertilization treatments, so the 

research carried out represents a significant contribution and germination was 

achieved under greenhouse conditions and only with environmental conditions that 

ensured their development.  

According to the tests of normality carried out (Shapiro-Wilks), where results of p-

value < 0.05 were obtained, the growth of the seeds does not follow a normal 

distribution, so for the comparison of the results the test of nonparametric variance 

of Kruskal-Wallis was carried out. The analysis showed that the percentage of seed 

germination was significantly influenced by the type of soil with a significance level 
of 0.05 (Table 3) y (Table 4).  

Table 3. - Results of the analysis of variance of Kruskal-Wallis  
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Source: compiled by the authors on the basis of InfoStat results  

The statistical results showed that there is dependence between the type of soil and 

the percentage of germination of the seeds of C. officinalis L. Germination presented 

significant differences in the soils used in the study. The germination in a soil with a 

sandy loam texture was also studied by Suárez, (2018), who obtained germination 

percentages of two varieties of Cinchona between 47.5 and 55.8 %, which is similar 

to what was obtained in the present investigation (Table 3).  

The Table 4 shows that the germination of seeds in soils presents significant 

differences (p-value < 0.05), which is reflected in the location of each type of soil in 
different groups, according to the corresponding letter.  

Table 4.- Results of Kruskal-Wallis multi-range analysis  

 

Stockings with a common letter are not significantly different (p > 0.05) 
Source: compiled by the authors on the basis of InfoStat results  

The above suggests that the seeds of C. officinalis need, in addition to suitable 

climatic conditions, light soils, which have good drainage to germinate in greater 

proportion. The above was also observed by Mendez et al., (2009), who show that in 

sandy soil a higher percentage of germination of Psidium guajava L. seeds is 

obtained, which, although it is not the same species, shows that this type of soil 

favors germination. Fine grain soils such as SSE and SLC, by retaining water, can 

influence seed rotting, especially when sown broadcast, because the seeds are 

directly exposed to irrigation water. The influence of the type of substrate in the 

germination was observed by Jiménez et al., (2018), who concluded that the 

influence of the substrate in the germination of seeds of Ochroma pyramidale was 

statistically significant, which is consistent with what was obtained in the present 
investigation.  

The Table 5 shows the result of soil texture from a granulometric analysis applying 
sedimentation (Sandoval et al., 2011) to each of the samples (Table 5).  

Table 5. - Texture of the soils used  
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The STY soil is classified as coarse textured (sandy loam) and the SLC and SSE soils 

are fine textured (Jaramillo, 2002). Therefore, it can be inferred that seeds of C. 

officinalis L. tend to germinate in greater quantity in the soil of coarse texture; that 

is, light soils with good drainage. One of the reasons for the lower germination in 

soils of fine texture is due to the fact that, because they are soils with greater water 

retention (Ibáñez, 2006), they cause seed rotting, especially in a microclimate of 

high humidity. The Table 6 shows the results of the germination parameters 
determined for the interpretation of the same (Table 6). 

Table 6. - Calculated germination parameters  

 

As shown in Table 6, the parameters that show the greatest differences are the 

germination index and the speed of germination. The speed coefficients and the 

germination time did not show important variations, which can be observed through 

the variation coefficient of each parameter, where the variability of the values was 

less than 5 % for CV and T.  

The germination parameters studied show that, in the three soils, the germination 

speed coefficient and the germination time of the seeds were statistically similar, 

presenting a variation coefficient of less than 5 %. The parameters, index and speed 

of germination showed coefficients of variation greater than 5 %, so it is considered 

that these parameters were influenced by the type of soil where the seeds were sown. 

The highest index and speed of germination were for the seeds sown in STY, which 

corroborates what was observed previously and shows that the seeds tend to 

germinate in greater proportion and with greater speed in the loamy-sandy soil from 

the Tayabamba sector. With respect to the above, Gómez et al., (2016) concluded 

that reproduction of the species is possible; however, they clarify that constant 

irrigation does not substitute for the conditions of the cloud forest, which influences 

germination and will also depend on the quality of the seeds. Therefore, they 

recommend reproducing the plants in their habitat, as well as analyzing the 
relationship between germination and the level of light that the seeds receive.  

From the results obtained, it is demonstrated that the seeds of C. officinalis L. can 

be germinated maintaining the conditions of ambient temperature around 23 ºC and 

in closed system by atomized irrigation, to maintain the humidity near 100 %.  

The soil of the Tayabamba sector was the one with the best properties for seed 

germination, as a higher percentage was obtained than in the other soil samples, 
with a significant level of 5 %.  

The growth of the seedlings at the end of a 60-day period was satisfactory, reaching 

a daily growth rate higher than that of other investigations reviewed, with a 

germination curve that stabilizes at 45 days and a higher germination at 13 days in 
all soil samples.  
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Further research should be carried out on the germination and growth of C. officinalis 

L. outside its natural habitat and under greenhouse conditions, with the aim of 

achieving a breeding system that will produce seedlings that can be used for the 
repopulation of areas where it has disappeared.  
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