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ABSTRACT
Cinchona officinalis, is a south american tree species, commonly used for medicine, and is 
currently threatened by agricultural expansion and cattle ranching. the objective was to 
determine the effect of chemical fertilization on the nursery growth to increase growth 
potential and survival of C. officinalis. a completely randomized design with six treatments 
and three replicates was used; 20 C. officinalis plants were used per replicate. two months 
after transplanting the C. officinalis seedlings to the polyethylene bags, inorganic fertilizer 
(YaraMila® hYDRaN) was applied. Monthly evaluations were carried out and the number of 
dead plants, plant height, diameter and number of leaves were recorded. the highest mortality 
rate was recorded when fertilizer was applied (73%) while in the non-fertilized treatment 
mortality reached 36%. Regarding the increase in height, diameter and number of leaves in 
all cases, the best results were obtained in the fertilized treatments, exceeding by 85, 70 and 
17% (respectively) those obtained in the treatment to which fertilization was not applied. this 
study shows the effects that the application of fertilizers to C. officinalis plants at the nursery 
level can have on growth and mortality variables, the results suggest the use of this product 
for a sustainable and large-scale production of this species taking into consideration the 
appropriate dosage.

Introduction

Cinchona officinalis is a forest species of medicinal 
importance, as it was the only cure for malaria for 
more than three centuries (Cóndor et  al. 2009; 
Bharadwaj et  al. 2018) and its alkaloids are considered 
to be the most influential tree bark-derived medicine 
in human history (Prendergast and Dolley 2001).

Cinchona officinalis needs specific conditions to 
ensure its growth, and the distribution range is limited 
(Armijos-González and Pérez-Ruiz 2016). The species 
faces different negative conditions that hinder the loca-
tion of C. officinalis populations in natural forests 
(Buddenhagen et  al. 2004). The first problem is regard-
ing its natural habitat, since it has been affected by 
migratory farming and agriculture (Huamán et  al. 
2019; Fernandez et  al. 2022). Second problem, is the 
low survival rate of seedlings in nursery (Fernandez 
et  al. 2021) and finally the limited natural regeneration 
due to its low germination capacity influenced by fac-
tors such as seed quality, humidity, temperature and 

microbial activity (De-la-Cruz et  al. 2007; Santos et  al. 
2010; Valdiviezo et  al. 2018). These conditions have 
driven the prioritization of the conservation and recov-
ery of C. officinalis in Peru (Albán-Castillo et  al. 2020).

To ensure the success of afforestation and reforesta-
tion plans from the establishment of C. officinalis seed-
lings grown in forest nurseries, it is necessary to 
standardize protocols for obtaining seedlings suitable 
for the edaphoclimatic conditions of the area to be 
restored (Massone et  al. 2018). Among the parameters 
to consider are management factors, fertilization 
(chemical or organic fertilization) is an activity that 
can significantly influence plant growth, health and 
productivity, as well as increase plant tolerance to 
many biotic and abiotic stresses (Souri and Hatamian 
2019; Serri et  al. 2021).

During the search for scientific information, no 
report was found in which the response of C. offici-
nalis to the application of inorganic fertilizers had 
been studied, so this research is pioneering and 

© 2024 the author(s). Published by informa UK limited, trading as taylor & Francis group.
CONTACT Franklin hitler Fernandez-Zarate  fran.9615fernandez@gmail.com

https://doi.org/10.1080/21580103.2024.2343346

this is an open access article distributed under the terms of the creative commons attribution license (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original work is properly cited. the terms on which this article has been published allow the 
posting of the accepted Manuscript in a repository by the author(s) or with their consent.

ARTICLE HISTORY
received 15 august 2023
revised 2 april 2024
accepted 10 april 2024

KEY WORDS
Fertilizer; percentage 
mortality; cinchona tree; 
forest nursery

mailto:fran.9615fernandez@gmail.com
https://doi.org/10.1080/21580103.2024.2343346
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


2 F.h. FeRNaNDeZ-ZaRate  et al.

generating a range of opportunities to continue devel-
oping research in this area, in addition, the results of 
this research will allow optimizing the management 
of fertilization of C. officinalis at the nursery level 
and ensure the quality of seedlings to be used in 
reforestation programs (Oliet et  al. 2005). In this 
context, the study sought to determine the effect of 
the application of inorganic fertilizer application on 
some growth parameters and mortality of C. officina-
lis at the nursery level.

Materials and Methods

Study area

The research was carried out in the La Cascarilla 
locality (5° 40′ 21.12″ S and 78° 53′ 55.65″ W), prov-
ince of Jaén, Peru, which is located at 1810 m. In this 
area the annual precipitation is 1730 mm, the mini-
mum temperature is 13.0 °C and the maximum is 
20.5 °C (Fernandez et  al. 2021; Fernandez et  al. 2022).

Plant material

C. officinalis seedlings were obtained from seeds. 
These were collected  from a single population, from 
the locality of San Luis (6°22′ 6.68″ S and 79°3′ 
29.50″ E) at 2489 m altitude. We collected 0.5 kg of 
mature capsules (brown to dark brown in color), 
packed in cloth bags and transported them to the 
community of La Cascarilla, where they were stored 
in the shade. After 20 days, seeds without visible 
cracks, fungi and/or nematodes were selected for use 
in the study (Fernandez-Zarate et  al. 2022). For ger-
mination, an subirrigation chamber described by 
(Fernandez et  al. 2021) was used, seeds were sown in 
forest substrate (Fernandez-Zarate et  al. 2022). C. 
officinalis seedlings were transplanted into 269.25 cm3 
polyethylene cylindrical bags (7 cm diameter and 
7 cm high).

Soil characterization

The physical and chemical properties of the substrate 
used for the transplanting of C. officinalis were deter-
mined before applying the fertilizer and at the end of 
the trial. The methods used were:

For texture: hydrometer method, for electrical con-
ductivity (EC) was determined in aqueous extract soil: 
water (1:1), organic matter (OM): method established 
by Walkley and Black, nitrogen (N): Kjeldahl method, 
phosphorus (P): Olsen method, cation exchange capac-
ity (CEC) and exchangeable cations: saturation with 
ammonium acetate, all analyses were determined at the 
Soil and Water Research Laboratory of the National 
University Toribio Rodriguez de Mendoza.

The initial characteristics of the substrate were: N = 
0.34%, P = 14.9 ppm, magnesium, K = 398 ppm, (Mg) 
= 1.58 meq/100g, calcium (Ca) = 10.2 meq/100g, pH 
= 5.59, OM = 6.88%, CEC = 14.97 meq/100g, EC = 
0.14 dS/m and textural class = sandy loam.

Experimental design

A completely randomized design with six treatments 
and three replicates per treatment was used; 20 C. offi-
cinalis plants per replicate and 360 plants were used 
throughout the trial. Two months after transplanting 
C. officinalis to the polyethylene bags, inorganic fertil-
izer (YaraMila® HYDRAN) was applied and then fol-
lowed up monthly. This fertilizer is composed of NPK 
and micronutrients; it is also one of the most widely 
used fertilizers in Peru. The nutritional composition of 
which is shown in Table 1.

Measurements

To determine the effect of fertilization on nursery 
growth of C. officinalis, monthly evaluations were con-
ducted for six months to record the number of dead 
plants, plant height (from the top of the polyethylene 
bag to the apex of the plants), diameter (measured 
with a digital vernier at substrate level).

Data analysis

Data were processed in StatGraphics Centurion XVI 
software (StatPoint Technologies Inc, Warrenton, VA, 
USA). The assumptions of normality (Shapiro Wilk) 
and homogeneity of variances (Levene’s test) were 
checked. Then, an analysis of variance (ANOVA) was 
performed for each response variable and the mean 
values were compared through Tukey’s test (α = <0.05), 
in addition, a correlation test was performed in the R 
programming environment between the growth vari-
ables evaluated and the chemical properties of the sub-
strate at the end of the trial.

Results

Thirty days after applying the fertilizer to the C. offic-
inalis plants, the first records of mortality were 
observed in treatments T4, T5 and T6, whose trend is 
sustained throughout the trial, reaching percentages of 
mortality of 64, 73 and 54% respectively, it can also be 
seen that treatment T2 reports its first mortality data 
60 days after fertilizer application, reaching 73% mor-
tality at the end of the trial (Figure 1A). Finally, the 
treatment to which no fertilizer was applied reported 
the lowest mortality rate (36%), which suggests that 
the application of chemical fertilizers on C. officinalis 
has a negative impact on plant survival at the nurs-
ery level.

It can be seen that in T5 there is a decrease in the 
number of leaves until day 90, thereafter a linear 

Table 1. Fertilizer dose distribution according to trial treatment.

treatment dose (g/planta) nutrients (%)

t1 0 n = 19, P2o5=4, K2o = 19, Mgo = 3
t2 0.3
t3 0.5
t4 0.7
t5 0.9
t6 1.1
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Figure 1. growth parameters evaluated. cumulative percent dieback (a), cumulative number of leaves (B), cumulative diameter increment (c) and 
cumulative height increment (d).

increase is observed until the end of the trial, with 
treatments T2, T3 and T4, an increase in the number 
of leaves after fertilization of C. officinalis plants until 
day 60, thereafter there was a decrease in the number 
of leaves; T1 shows a slight tendency to decrease the 
number of leaves. In general, T5 reached 17% more 

leaves with respect to the number of leaves recorded at 
the beginning of the trial, followed by T2 with 4%, 
and in treatments T1, T3, T4 and T6 a decrease of -14, 
-21, -3 and -10%, respectively, is reported (Figure 1B).

For the parameters of diameter increment (Figure 
1C) and height increment (Figure 1D), similar 
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behaviors were observed, the highest values were 
observed in treatment T5, followed by T3 and T2. In 
both parameters, the lowest increases were recorded in 
treatment T1. When comparing the results of T5 with 
those of T1, it was observed that the values obtained 
in treatment T5 for diameter and height were 70 and 
85% higher than the results obtained in treatment T1. 
These results show the effect of fertilization on the 
growth of C. officinalis plants at nursery level.

Table 2 shows the results of the multifactorial 
ANOVA obtained by considering the growth parame-
ters (mortality, height, diameter and number of leaves) 
as dependent variables and fertilization dose and sam-
pling time as factors. With a significance level of 0.05, 

the dose and sampling time have significant effects 
on the diameter and height increment. Of the four 
parameters analyzed, only for height increment the 
interaction between dose and time had significant 
effects.

Table 3 shows the statistical differences among 
the six treatments evaluated. It is evident that there 
are no differences between T2 and T5 for the mor-
tality parameter, but there are statistical differences 
between these two treatments and the other four 
treatments. Regarding the increase in height, T5 is 
the one that has registered the highest value, despite 
this, there are no differences with treatments T4, T3 
and T2; however, there are differences between T5 
(higher increase in height) and T1 (lower increase in 
height). Regarding the increase in diameter, T5 is 
the treatment that obtained the best results, with 
significant differences between T5 and T1; similar 
behavior is observed in the increase in the number 
of leaves.

Table 4 shows the results of the chemical properties 
analyzed for the substrate at the end of the test. These 
results were correlated with the growth parameters of 
C. officinalis, and were obtained for the mortality vari-
able, it appeared that there was a negative correlation 
with N, Mg, Ca, pH, OM, CEC and a positive correla-
tion with P, for the height increment variable, negative 
correlations were shown with Mg, Ca, Ph, CEC and 
positive correlation with P and EC, while for the diam-
eter increment variable, negative correlations were seen 
with Mg, Ca, pH and CEC, and positive correlations 
with P and EC (Figure 2).

Table 2. Multifactorial anoVa with growth parameters as dependent 
variables.

source
sum of 
squares

degrees of 
freedom

Mean 
square F P

Diameter
 dose 15.15 5 3.03 4.59 0.0007
 time 103.57 5 20.71 31.35 0.0000
 dose x time 12.82 25 0.51 0.79 0.7650
 residues 83.2498 126 0.66
 total 

(corrected)
222.88 161

Height
 dose 432.36 5 86.47 16.22 0.0000
 time 1588.71 5 317.74 59.6 0.0000
 dose x time 457.72 25 18.31 3.43 0.0000
 residues 735.69 138 5.33
 total 

(corrected)
3165.35 173

Mortality
 dose 21.08 5 4.22 0.64 0.6699
 time 133.78 5 26.75 4.06 0.0014
 dose x time 243.13 25 9.73 1.47 0.0686
 residues 2374.15 360 6.59
 total 

(corrected)
2772.14

Number of 
leaves

 dose 153.58 5 30.72 8.45 0.0000
 time 25.49 5 5.09 1.4 0.2271
 dose x time 136.63 25 5.46 1.5 0.0731
 residues 494.25 136 3.63
 total 

(corrected)
811.16 171

P-values in bold indicate significant differences between the means of 
each treatment.

Table 3. differences between the means of the 6 treatments.

treatment Mortality (%)
height  

increase (cm)

diameter 
increase 

(mm)
number of 

leaves

t1 36.36 ± 0.94e 2.11 ± 0.94c 1.14 ± 0.58b 6.14 ± 2.12b
t2 72.72 ± 6.30a 10.2 ± 6.30ab 3.8 ± 0.95a 10.33 ± 2.08a
t3 40.00 ± 4.25d 12.57 ± 4.25a 2.28 ± 1.03a 6.7 ± 2.51b
t4 63.63 ± 5.63b 9.32 ± 5.63ab 2.8 ± 1.39a 8 ± 3.79ab
t5 72.72 ± 4.75a 14.00 ± 4.75a 2.9 ± 1.24a 8.25 ± 2.22ab
t6 54.54 ± 4.99c 6.48 ± 4.99bc 2.775 ± 0.95a 8 ± 3.9ab

lowercase letters, indicating significant differences (α = 0.05).

Figure 1. continued.
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Discussion

Several investigations were developed to evaluate the 
effect of fertilization on the growth of forest species, 
however, most of these investigations developed in 
tropical areas focused on introduced species of com-
mercial interest (Alvarado and Raigosa 2012). This 
research, to the best of our knowledge, is pioneering in 
analyzing the response to chemical fertilization in C. 
officinalis, a species of medicinal, civic and highly 
threatened importance (Huamán et  al. 2019; Fernandez 
et  al. 2022), with potential commercial interest and for 
ecological recovery programs.

The increase in the growth of C. officinalis plants is 
relatively slow, as reported by (Fernandez-Zarate et  al. 
2022). However, the results obtained in this research 
show a significantly higher growth in the fertilized 
treatments with respect to the treatment that was not 

fertilized and regardless of the fertilization dose, diam-
eter and height have shown linear increases until the 
end of the trial (six months after fertilization). In gen-
eral, fertilization of C. officinalis seedlings at nursery 
level showed positive results, contributing to the 
increase in diameter, height and number of leaves. 
These positive effects could contribute to revegetation 
in soils with competing vegetation, as has been reported 
for other species and site conditions (Oliet et  al. 2005; 
Salifu et  al. 2009). The significant increase in the 
growth parameters evaluated could be attributed, 
although it was not measured in this study, to the 
reserve of nutrients that usually accumulate in the 
stems and roots of fertilized plants (Hu et  al. 2015; 
Pokharel and Chang 2016).

The mortality rate of C. officinalis plants varied with 
the treatments; in general, fertilization contributed to 
an increase in seedling mortality, reaching 73% of dead 

Table 4. chemical properties of the substrate used as transplanting medium of C. officinalis in each treatment.

treatment n (%) P (ppm) K (ppm) Mg (meq/100g) ca (meq/100g) ph oM (%) cec (meq/100g) ec (ds/m)

t1 0.35 15.50 409.50 1.77 10.52 5.82 6.97 15.20 0.15
t2 0.34 25.83 119.94 0.44 1.67 3.85 6.90 9.60 0.76
t3 0.38 22.41 189.90 0.42 1.57 3.77 7.60 9.60 2.07
t4 0.35 26.45 216.44 0.52 2.03 3.74 7.04 9.60 2.11
t5 0.35 24.89 322.01 0.58 2.52 3.83 6.97 10.40 2.84
t6 0.36 27.59 208.08 1.00 5.19 4.73 7.25 12.00 0.83

Figure 2. correlation matrix between growth variables (M = mortality, h = height, di = diameter) of C. officinalis plants obtained at the end of the trial 
versus the chemical properties of the substrate (n = nitrogen, P = phosphorus, K = potassium, Mg = magnesium, ca = calcium, oM = organic matter, 
cec = cation exchange capacity, ec = electrical conductivity) analyzed at the end of the trial.
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plants compared to 36% mortality when no fertilizer 
was applied; this is the average mortality rate at the 
nursery level for this species (Fernandez et  al. 2021). 
This high percentage of mortality would be associated 
with the mineral composition of the product used in 
the study, since an imbalance in nutrients usually has 
a negative effect on plant survival rate when there is 
an excess of any of them (Grzyb et al. 2013; Christophe 
et  al. 2019).

If the nutritional distribution of the fertilizer used 
in this trial is observed, it is evident that it has a high 
nitrogen content (19%), which although it can have 
positive effects on the number of leaves on the plant 
(Onyango 2002), the excess of this nutrient could lead 
to an increase in the mortality rate since it tends to 
generate yellowing of the leaves and trigger their dehis-
cence and subsequent death of the plants (Westerveld 
et  al. 2003; Perner et  al. 2007).

Regarding potassium, it is associated with photo-
synthesis (Sardans and Peñuelas 2015), enzymatic 
activity and protein synthesis (Armengaud et  al. 
2009). It is also known that, if adequate potassium 
fertilization is performed, it generates protection to 
plants from biotic and abiotic stresses (Wang et  al. 
2013; Sardans and Peñuelas 2015) and with respect to 
magnesium, if the dose is small, it could trigger 
growth inhibition and tissue aging (Verbruggen and 
Hermans 2013), since there are stomatal limitations 
and low CO2 assimilation and, with respect to phos-
phorus, its excess could have a defoliating effect lead-
ing to plant death (Novoa et  al. 2018), this can be 
observed in Figure 2, since there is a high positive 
correlation between mortality and phosphorus con-
tent in the soil.

Conclusion

The application of inorganic fertilizer to C. officinalis 
plants was beneficial for the parameters of diameter 
increase, height and number of leaves; however, the 
same results were not obtained with the mortality 
rate, which was higher in those treatments in which 
fertilizers were applied. Since this is the first research 
that reports on the behavior of C. officinalis in 
response to fertilization, it is suggested to follow this 
line of research and analyze the response of C. offici-
nalis to each nutrient separately, which could probably 
better explain the behavior observed in the trial. In 
spite of this, the results show promise in the applica-
tion of fertilizers in nurseries to produce C. officinalis 
plants in order to help the recovery programs of the 
species.

Authors’ contributions

All authors contributed substantially to the conception and 
design, data acquisition, or analysis and interpretation of the 
data; participated in the drafting of the article or in its critical 
revision for its important intellectual content of the version to 
be published; and agreed to be responsible for all aspects of 
the work.

Disclosure statement

The authors declare that they have no conflicts of interest.

References

Albán-Castillo J, Chilquillo E, Melchor- Castro B, Arakaki M, 
León B, Suni M. 2020. Cinchona L. “Árbol de la Quina”: re-
poblamiento y reforestación en el Perú. Rev Peru Biol. 
27(3):423–426. doi: 10.15381/rpb.v27i3.18697.

Alvarado A, Raigosa J. 2012. Nutrición y fertilización forestal en 
regiones tropicales. A(eds.). Asociación Costarricense de la 
Ciencia del Suelo. San José, Costa Rica. 411 p. Agron Costarric 
Rev Cienc Agríc. 36(1):113–115.

Armengaud P, Sulpice R, Miller AJ, Stitt M, Amtmann A, Gibon 
Y. 2009. Multilevel analysis of primary metabolism provides 
new insights into the role of potassium nutrition for glycolysis 
and nitrogen assimilation in Arabidopsis roots. Plant Physiol. 
150(2):772–785. doi: 10.1104/pp.108.133629.

Armijos-González R, Pérez-Ruiz C. 2016. In vitro germination 
and shoot proliferation of the threatened species Cinchona 
officinalis L (Rubiaceae). J For Res. 27(6):1229–1236. doi: 
10.1007/s11676-016-0272-8.

Bharadwaj KC, Gupta T, Singh RM. 2018. Chapter 9 - Alkaloid 
group of Cinchona officinalis: structural, synthetic, and me-
dicinal aspects. In: Tewari A, Tiwari S, editors. Synth Med 
Agents Plants [Internet]. [place unknown]: Elsevier; [accessed 
2022 May 9]; p. 205–227. doi: 10.1016/B978-0-08-102071-
5.00009-X.

Buddenhagen CE, Renteria JL, Gardener M, Wilkinson SR, Soria 
M, Yánez P, Tye A, Valle R. 2004. The Control of a Highly 
Invasive Tree Cinchona pubescens in Galapagos1. Weed 
Technol. 18:1194–1202. doi: 10.1614/0890-037X(2004)018[1194: 
TCOAHI]2.0.CO;2.

Christophe HL, Albert N, Martin Y, Mbaiguinam M. 2019. Effect 
of organic fertilizers rate on plant survival and mineral prop-
erties of Moringa oleifera under greenhouse conditions. Int J 
Recycl Org Waste Agric. 8(1):123–130. doi: 10.1007/
s40093-019-0282-6.

Cóndor E, de Oliveira BH, Loayza Ochoa K, Reyna Pinedo V. 
2009. Estudio químico de los tallos de Cinchona pubescens 
Vahl. Rev Soc Quím Perú. 75(1):54–63.

De-la-Cruz H, Vilcapoma G, Zevallos PA. 2007. Ethnobotanical 
study of medicinal plants used by the Andean people of 
Canta, Lima, Peru. J Ethnopharmacol. 111(2):284–294. doi: 
10.1016/j.jep.2006.11.018.

Fernandez FH, Huaccha AE, Barturén LM, Quiñones L, Sánchez 
T. 2022. Efecto del sustrato en la propagación sexual de 
Cinchona officinalis L. (Rubiaceae): Ecosistemas. 31(1):2314–
2314. doi: 10.7818/ECOS.2314.

Fernandez FH, Huaccha AE, Quiñones LQ, Sánchez T. 2021. 
Influencia del tamaño de plántula de Cinchona officinalis 
(Rubiaceae) en la supervivencia y deformación del tallo pos-
terior al repique. Rev Cuba Cienc For. 9(3):412–422.

Fernandez-Zarate FH, Huaccha-Castillo AE, Quiñones-Huatangari 
L, Vaca-Marquina SP, Sanchez-Santillan T, Morales-Rojas E, 
Seminario-Cunya A, Guelac-Santillan M, Barturén-Vega LM, 
Coronel-Bustamante D. 2022. Effect of arbuscular mycorrhiza 
on germination and initial growth of Cinchona officinalis L. 
(Rubiaceae). For Sci Technol. 18(4):182–189. doi: 
10.1080/21580103.2022.2124318.

Grzyb ZS, Piotrowski W, Bielicki P, Paszt LS. 2013. Effect of 
Some Bioproducts on Winter Mortality of Grafted Buds and 
the Number of Maiden Fruit Trees Produced in an Organic 
Nursery. J Life Sci. 7(3):282–288.

Hu Y-L, Hu Y, Zeng D-H, Tan X, Chang SX. 2015. Exponential 
fertilization and plant competition effects on the growth and 
N nutrition of trembling aspen and white spruce seedlings. 
Can J For Res. 45(1):78–86. doi: 10.1139/cjfr-2014-0187.

Huamán L, Albán J, Chilquillo E. 2019. Taxonomic aspects and 
advances in the knowledge of the current state of the quina 
tree (Cinchona officinalis L) in the north of Peru. Ecol Apl. 
18(2):145–153. doi: 10.21704/rea.v18i2.1333.

https://doi.org/10.15381/rpb.v27i3.18697
https://doi.org/10.1104/pp.108.133629
https://doi.org/10.1007/s11676-016-0272-8
https://doi.org/10.1016/B978-0-08-102071-5.00009-X
https://doi.org/10.1016/B978-0-08-102071-5.00009-X
https://doi.org/10.1614/0890-037X(2004)018[1194:
https://doi.org/10.1614/0890-037X(2004)018[1194:
https://doi.org/10.1007/s40093-019-0282-6
https://doi.org/10.1007/s40093-019-0282-6
https://doi.org/10.1016/j.jep.2006.11.018
https://doi.org/10.7818/ECOS.2314
https://doi.org/10.1080/21580103.2022.2124318
https://doi.org/10.1139/cjfr-2014-0187
https://doi.org/10.21704/rea.v18i2.1333


FoRest scieNce aND techNoloGY 7

Massone DS, Bartoli CG, Pastorino MJ, Massone DS, Bartoli CG, 
Pastorino MJ. 2018. Efecto de la fertilización con distintas 
concentraciones de nitrógeno y potasio en el crecimiento de 
plantines de ciprés de la cordillera (Austrocedrus chilensis) en 
vivero. Bosque Valdivia. 39(3):375–384. doi: 10.4067/
S0717-92002018000300375.

Novoa MA, Miranda D, Melgarejo LM, Novoa MA, Miranda D, 
Melgarejo LM. 2018. Efecto de las deficiencias y excesos  
de fósforo, potasio y boro en la fisiología y el crecimiento de 
plantas de aguacate (Persea americana, cv. Hass). Rev Colomb 
Cienc Hortícolas. 12(2):293–307. doi: 10.17584/rcch.2018vl2i2. 
8092.

Oliet JA, Planelles R, Artero F, Jacobs DF. 2005. Nursery fertil-
ization and tree shelters affect long-term field response of 
Acacia salicina Lindl. planted in Mediterranean semiarid con-
ditions. For Ecol Manag. 215(1):339–351. doi: 10.1016/j.fore-
co.2005.05.024.

Onyango MOA. 2002. Effect of Nitrogen on Leaf Size and 
Anatomy in Onion (Allium Cepa L.). East Afr Agric For J. 
68(2):73–78. doi: 10.4314/eaafj.v68i2.1779.

Perner H, Schwarz D, Krumbein A, Li X, George E. 2007. 
Influence of nitrogen forms and mycorrhizal colonization 
on growth and composition of Chinese bunching onion. J 
Plant Nutr Soil Sci. 170(6):762–768. doi: 10.1002/jpln. 
200625103.

Pokharel P, Chang SX. 2016. Exponential fertilization promotes 
seedling growth by increasing nitrogen retranslocation in 
trembling aspen planted for oil sands reclamation. For Ecol 
Manag. 372:35–43. doi: 10.1016/j.foreco.2016.03.034.

Prendergast HDV, Dolley D. 2001. Jesuits’ Bark (Cinchona 
[Rubiaceae]) and Other Medicines. Econ Bot. 55(1):3–6. doi: 
10.1007/BF02864540.

Salifu KF, Jacobs DF, Birge ZKD. 2009. Nursery Nitrogen 
Loading Improves Field Performance of Bareroot Oak 
Seedlings Planted on Abandoned Mine Lands. Restor Ecol. 
17(3):339–349. doi: 10.1111/j.1526-100X.2008.00373.x.

Santos FCB dos, Oliveira TK de, Lessa LS, Oliveira TC de, Luz SA 
da. 2010. Produção de mudas de cupuaçuzeiro em diferentes 
substratos e tubetes. Magistra Cruz Almas - BA. 22(3,4):185–190.

Sardans J, Peñuelas J. 2015. Potassium: a neglected nutrient in 
global change. Glob Ecol Biogeogr. 24(3):261–275. doi: 
10.1111/geb.12259.

Serri F, Souri MK, Rezapanah M. 2021. Growth, biochemical 
quality and antioxidant capacity of coriander leaves under or-
ganic and inorganic fertilization programs. Chem Biol Technol 
Agric. 8(1):33. doi: 10.1186/s40538-021-00232-9.

Souri MK, Hatamian M. 2019. Aminochelates in plant nutrition: a 
review. J Plant Nutr. 42(1):67–78. doi: 10.1080/01904167. 
2018.1549671.

Valdiviezo KG, Guamán VHE, Serrano JM, Patiño JM, Arevalo 
MY, Ortega CV. 2018. Procesos biotecnológicos para la induc-
ción de callos a partir de vitroplantas de cinchona officinalis 
l., a nivel de laboratorio en la provincia de Loja, Ecuador. 
Tzhoecoen Rev Científica. 10(2):299–312.

Verbruggen N, Hermans C. 2013. Physiological and molecular 
responses to magnesium nutritional imbalance in plants. Plant 
Soil. 368(1):87–99. doi: 10.1007/s11104-013-1589-0.

Wang M, Zheng Q, Shen Q, Guo S. 2013. The Critical Role of 
Potassium in Plant Stress Response. Int J Mol Sci. 14(4):7370–
7390. doi: 10.3390/ijms14047370.

Westerveld SM, McKeown AW, Scott-Dupree CD, McDonald 
MR. 2003. How well do critical nitrogen concentrations work 
for cabbage, carrot, and onion crops? HortScience. 38(6):1122–
1128. doi: 10.21273/HORTSCI.38.6.1122.

https://doi.org/10.4067/S0717-92002018000300375
https://doi.org/10.4067/S0717-92002018000300375
https://doi.org/10.17584/rcch.2018vl2i2.
https://doi.org/10.17584/rcch.2018vl2i2.
https://doi.org/10.1016/j.foreco.2005.05.024
https://doi.org/10.1016/j.foreco.2005.05.024
https://doi.org/10.4314/eaafj.v68i2.1779
https://doi.org/10.1002/jpln.
https://doi.org/10.1002/jpln.
https://doi.org/10.1016/j.foreco.2016.03.034
https://doi.org/10.1007/BF02864540
https://doi.org/10.1111/j.1526-100X.2008.00373.x
https://doi.org/10.1111/geb.12259
https://doi.org/10.1186/s40538-021-00232-9
https://doi.org/10.1080/01904167.
https://doi.org/10.1080/01904167.
https://doi.org/10.1007/s11104-013-1589-0
https://doi.org/10.3390/ijms14047370
https://doi.org/10.21273/HORTSCI.38.6.1122

	Effect of synthetic fertilization dose on the diameter increase, height and mortality of Cinchona officinalis L. (Rubiaceae)
	ABSTRACT
	Introduction
	Materials and Methods
	Study area
	Plant material
	Soil characterization
	Experimental design
	Measurements
	Data analysis

	Results
	Discussion
	Conclusion
	Authors contributions
	Disclosure statement
	References



