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ABSTRACT
Keywords: Cinchona officinalis, a native plant species known in Peru as the cinchona tree, has civic importance
Cinchona tree because it represents the plant wealth of this nation and medicinal importance since it was for more
Enrichment bands than 300 years the only cure for malaria, and is currently threatened. The aim was to determine
Forest massif the effect of light conditions on the percentage of mortality, height increase, and diameter increase
Forest plantation of Cinchona officinalis. In the community of La Cascarilla (5°39'48.87 “S 78°54'35.24 “W), two
Site conditions treatments were installed, forest massif (FM) and enrichment bands (EB). For each treatment, three

replicates and 16 plants per replicate were used. Monthly evaluations were carried out in which the
number of dead plants, plant height, and diameter were recorded. These parameters were correlated
with precipitation, temperature, and photoperiod records of the study area. The results showed
that mortality in FM was 27.1% higher than that reported in EB, while the increase in height and
diameter increment in the FM plot was 45.5 and 25.1% higher than that obtained in EB. In addition,
a negative correlation was observed between the percentage of mortality and precipitation (r=
0.54), and between the increase in height and diameter increment with the maximum temperature
(r=0.73 and r=0.60, respectively) for the FM treatment, while for the EB treatment, there was
a negative correlation between the increase in height and precipitation (r=-0.55) and a positive
correlation between the diameter increment and the minimum temperature (r.=0.53). In general,
shaded conditions allow a higher survival rate at the cost of reducing height and diameter increment.

RESUMEN
Palabras clave: Cinchona officinalis, es una especie vegetal nativa conocida en Perd como arbol de la quina, tiene una
Arbol de la quina importancia civica porque representa la riqueza vegetal de esta nacién y una importancia medicinal
Fajas de enriquecimiento ~ puesto que fue por mas de 300 afios la Unica cura para la malaria, y actualmente se encuentra
Macizo forestal amenazada. El objetivo fue determinar el efecto de las condiciones de luz sobre el porcentaje de
Plantacion forestal mortalidad, incremento en altura e incremento diamétrico de Cinchona officinalis. En la comunidad
Condiciones de sitio de La Cascarilla (5°39'48,87"S 78°54’' 35,24”0) se instalo dos tratamientos, mediante macizo

forestal (FM) y fajas de enriquecimiento (EB). Para cada tratamiento se empled tres repeticiones y
16 plantas por repeticion. Se realizaron evaluaciones mensuales en las que se registrd el nimero de
plantas muertas, altura de la planta y didmetro. Estos pardmetros se correlacionaron con registros
de precipitacion, temperatura y fotoperiodo de la zona de estudio. Los resultados mostraron que
la mortandad en FM fue un 27,1% superior a lo reportado en EB, mientras que el incremento en
altura e incremento diamétrico en la parcela FM fue un 45,5 y 25,1% superior a lo obtenido en EB.
Ademas, se observo una correlacion negativa entre el porcentaje de mortandad y la precipitacion
(r=0,54), y entre el incremento en altura e incremento diamétrico con la temperatura maxima (.=
0,73 y r=0,60, respectivamente) para el tratamiento FM, mientras que para el tratamiento EB, se
observo que existe correlacion negativa entre el incremento en altura con la precipitacion (r.=-0,55)
y existe una correlacion positiva entre el incremento diamétrico y la temperatura minima (r =0,53).
En general, las condiciones de sombra permiten una mayor tasa de sobrevivencia a costa de reducir
su incremento en altura y diametro.
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eru is one of the most megadiverse countries on
the planet (Rodriguez and Young 2000), which
is home to several very important medicinal and
food plants (De-la-Cruz et al. 2007), among them
is the cinchona tree (Cinchona officinalis), which has
great importance for the country since it represents its
plant wealth (Alvarez 2013); in addition, C. officinalis has
medicinal importance because it contains alkaloids that
were used for more than 300 years as the only cure for
malaria (Bharadwaj et al. 2018). Cinchona alkaloids are
considered to be the most influential tree bark-derived
medicine in human history (Prendergast and Dolley 2001).

Different studies report that C. officinalis requires specific
conditions to develop, in addition to the fact that its
distribution range is limited (Armijos-Gonzélez and Pérez-
Ruiz 2016). In Peru, C. officinalis is found in Andean
Forest areas, specifically in the Cajamarca and Piura
regions (Huaman et al. 2019). As of 2023, the habitat of
C. officinalis is being degraded by various factors, most
notably agriculture, and cattle ranching (Fernandez et
al. 2022; Huaman et al. 2019); in addition, C. officinalis
has little natural regeneration due to its low germination
capacity (Valdiviezo et al. 2018), these conditions make
it difficult to locate large populations in natural forests
(Huaman et al. 2019), leading to the prioritization of the
conservation and recovery of C. officinalis in Peru (Alban-
Castillo et al. 2020).

Similarly, to other crops, C. officinalis depends on growing
conditions around the plant and efficient light capture (Asare
et al. 2017). This second factor has a direct effect on the
primary metabolism of plants influencing: morphology,
cell growth, and resource allocation (Bastias and Corelli-
Grappadelli 2012); in addition, light properties have a direct
effect on the production of secondary metabolites (Sivakumar
etal. 2017). Light is a very necessary abiotic resource for
the growth and development of plant species (Wang et al.
2019), low light conditions can limit the synthesis of some
defenses by limiting carbon uptake (Calder et al. 2011).
In addition, shaded conditions can generate metabolic
changes and imbalances in the photosynthesis process,
which implies limiting plant growth (Huang et al. 2018).

However, there are other studies indicating that shade-
grown crops tend to reduce the negative impacts

generated by high temperatures (Mensah et al. 2022)
because they reduce radiation load, leaf temperature, and
water stress (Fernandez-Milmanda and Ballaré 2021).
In addition, shade can even improve photosynthetic
efficiency under high-temperature conditions (Mensah
etal. 2022). In addition, shade goes so far as to reduce
soil temperature during the day (Aguiar et al. 2019)
and contributes to the improvement of physiological
performance (Mensah et al. 2022). The effects on the
physiology of shade on C. officinalis are still unclear so
the line of research should be pursued. For example, it
has been reported that, in agroforestry systems, shade
levels between 30 and 50% increase yields in cocoa
plantations (Asare et al. 2017).

Under this context, this research aimed to determine the
effect of light conditions on the percentage of mortality,
height increase, and diameter increase of C. officinalis
plants installed in the final field using a forest massif
(FM) and enrichment bands (EB).

MATERIALS AND METHODS

Study area

The research was carried out from October 2021 to April
2022. The study area is located at 2,000 m (Figure 1),
1.5 km northwest of the community La Cascarilla
(5°40'21.03"S and 78°53'53.90"W), province of Jaén,
Peru. The annual precipitation is 1,730 mm, the minimum
temperature is 13 °C, and the maximum is 20.5 °C
(Fernandez and Huaccha 2022).

Two 25 x 25 m plots were installed, one plot was installed
in the absence of shade which was called “forest massif
(FM)” and the other plot was installed under the forest
canopy which was called “enrichment belts (EB)”. The
plants were planted at a 3 x 3 m distance. The holes were
30 x 30 x 30 cm. Each plot consisted of three blocks of
16 plants per block.

Measurements

To determine the performance of C. officinalis plants
in the two planting conditions, monthly monitoring was
carried out for six months to record the number of dead
plants, plant height (from the ground to the apex of the
plants), and diameter (measured with a digital vernier at
ground level).
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Figure 1. Location of the experimental plot.

Abiotic factors

To relate the growth variables of C. officinalis with
some abiotic factors, photoperiod data extracted from
the National Oceanic and Atmospheric Administration
(NOAA), precipitation (mm), maximum, minimum, and
mean temperature (°C) collected from the meteorological
station La Cascarilla (5°40'18.3” S and 78°53'51.6”
W) belonging to the National Service of Meteorology
and Hydrology (SENAMHI) of Peru, located at 1.5 km
southeast in a straight line from the study area.

Data analysis

Normality (Shapiro Wilk) and homogeneity of variances
(Levene) were verified, and then regression analysis was
performed to determine the relationship between mortality,
height increment, and diameter increment concerning
the number of days after planting in the final field of C.
officinalis plants. Pearson’s correlation test was used to
relate the growth variables (mortality, height increment,
and diameter increment) with temperature, precipitation,
and photoperiod. The mean of each growth variable was
used with the mean of the average temperature, minimum,
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maximum, monthly precipitation, and photoperiod for the
months of study, using Rstudio software.

RESULTS AND DISCUSSION

The soil characterization analysis showed that the
pH presented similar values in the two experimental
plots, qualified in both cases as strongly acidic.
The percentage content of organic matter (OM),
phosphorus (P), potassium (K), and magnesium (Mg)
was higher in the EB plot, while the cation exchange
capacity (CEC), calcium (Ca), and sodium (Na)
presented higher values in the FM plot (Table 1).
Finally, the textural classification for EB was sandy loam,
while for FM it was sandy clay loam.

The average temperature during the study presented
the highest value for November 2021 (16.1 °C) and the
lowest value was recorded in February and March 2022
(15.1 °C), the relative humidity was around 87% and
the highest precipitation was recorded at March 2022
(415.6 mm) and the lowest value was recorded in April
2022 (149.5 mm) (Figure 2).
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Table 1. Characterization of the soils in the two experimental plots.

Plot pH OM (%) P (ppm) K (ppm) CEC Ca* Mg+ Na*
EB 4.67 12.61 10.40 265.00 22.40 1.33 1.13 0.60
FM 4.96 6.51 3.10 66.00 24.48 3.06 1.03 0.77
*OM: organic matter, *CEC: cation exchange capacity.
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Figure 2. Precipitation (mm) and mean annual temperature (°C) of the study area, from October 2021 to April 2022.

Figure 2 shows that in the plot without shade, the mortality
of C. officinalis plants began on day 90 after installation in
the final field and reached 87.5% at 180 days (Figure 3A),
inthe case of height increase (Figure 3B), at 180 days after
planting, C. officinalis plants increased 5.44 cm concerning
the average height at the beginning of the trial, likewise,
0.59 mm of diameter increase was observed (Figure 3C)
with respect to the average diameter at the beginning of
the experiment. In addition, it was observed that in the
plot installed under the enrichment bands modality, the
mortality of C. officinalis plants began on day 30 after
installation in the final field and reached 60. In the case
of height increase (Figure 3E), at 180 days after sowing,
C. officinalis plants increased by 3.52 cm with respect to
the average height at the beginning of the trial, and 0.43
mm of diameter increase was observed (Figure 3F) with
respect to the average diameter at the beginning of the
experiment.

When comparing the results of both plots, there was a
significant difference in the percentage of mortality, in
the EB plot the mortality was 27.1% less than in the FM

plot (Figure 4A); however, the increase in height (Figure
4B) and diameter increase (Figure 4C) in the FM plot
was 45.5 and 25.1% higher than the results obtained in
the EB plot, respectively.

Plant growth and development are affected by different
environmental factors; among them, light plays a very
important role in the overall performance of a plantation
(Ghorbel etal. 2023; Kishore etal. 2021). Light availability
has effects on biomass accumulation by controlling
photosynthetic rate; in addition, it indirectly regulates
biomass distribution by influencing leaf growth behavior,
stem thickness, and immanent root length (Fernandez-
Milmanda and Ballaré 2021; Yin et al. 2023). The results
of this research show that in the FM plot, the diameter
increase was 45.5% higher than that obtained in the EB
plot. Several studies reveal this effect, in which plants
in shaded conditions tend to reduce their diameter
increment (Yan et al. 2010), compared to sun-exposed
plants that usually choose to shift their growth potential
to the root system in order to increase water and nutrient
uptake (Giday et al. 2019).
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Figure 3. Growth parameters evaluated in C. officinalis plants planted as forest clumps. A. Percentage of mortality, B. Height increment (cm), and
C. Diametric increment (mm) and by enrichment bands. D. Percentage of mortality, E. Height increment (cm), and F. Diametric increment (mm).
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Figure 4. Cumulative growth parameters at the end of the trial in C. officinalis plants from the FM and EB plots. A. Percentage of cumulative
mortality, B. Height increment (cm), and C. Diametric increment (mm). Different lowercase letters indicate significant differences.
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In addition, it could be directly associated with the amount
of photosynthetically active radiation (PAR) incident on
C. officinalis plants, although it was not measured in this
research, several studies indicate that PAR radiation
tends to decrease in shaded conditions (Liu et al. 2012).
In addition, the increase in height in the plot exposed
to the sun was 25.1% higher than that obtained in the
plot installed using enrichment bands, although this is a
contradictory result with respect to other studies that report
that shaded conditions tend to promote an increase in
height in order to reach a greater amount of solar radiation
(Fernandez-Milmanda and Ballaré 2021) this could be
explained by the amount of PAR radiation received in
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the FM plot which was supposed to be higher than that
received in the EB plot and consequently, C. officinalis
plants installed in direct sun exposure grew taller than
plants planted under canopy shade (Zhang et al. 2018).

Forthe FM plot, the results indicate that there is a negative
correlation between the percentage of mortality and
precipitation, and between the increase in height and diameter
increment with the maximum temperature (Figure 5A),
while for the EB plot, there is a negative correlation
between the increase in height and precipitation and a
positive correlation between the diameter increment and
the minimum temperature (Figure 5B).
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Figure 5. Correlation matrix between growth variables evaluated in C. officinalis plants planted in forest massif (A) and enrichment bands
(B). The abbreviations D, IH, ID, R, MaT, MiT, AT, and F stand for mortality, height increment, diameter increment, precipitation, maximum
temperature, minimum temperature, average temperature, and photoperiod, respectively.

In the FM plot, mortality was 27.1% higher than in the
EB plot, and Figure 4A shows that there is a negative
correlation between the percentage of mortality and
precipitation, i.e., the lower the precipitation, the higher
the percentage of mortality in the FM plot. The EB plot has
allowed the plants not to be exposed to high temperatures
due to the shade of the canopy (Mensah et al. 2023);
in addition, the shade decreases evapotranspiration
and therefore it is to be expected that there is a higher
moisture content in the soil, and given that C. officinalis
needs humid conditions for its development (Huaman et

al. 2019) this environment would provide conditions for
this species to thrive. In addition, the higher mortality rate
in the plot exposed directly to the sun is probably due to
a decrease in the photosynthetic capacity of C. officinalis
plants (Mensah et al. 2022). Finally, this result could be
associated with the higher organic matter content found
in the EB plot, because this parameter acts as a water
regulator and allows a greater number of microorganisms
to develop, including mycorrhizae (Jia et al. 2023) whose
positive effect on the growth of C. officinalis was reported
by Fernandez-Zarate et al. (2022).
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CONCLUSIONS

This study showed, for the first time, the effects of shade
conditions on the survival and increase in height and
diameter of C. officinalis plants installed in the definitive
field. In general, shaded conditions decreased the mortality
rate by 27%; however, the diameter and height increase
were lower when plants were planted under a canopy.
These results suggest that during the first year of installation
of C. officinalis plants in the final field, they should be
shaded to ensure their establishment. In the future, it is
necessary to know the behavior of this species under
different percentages of shade to determine if there are
the same results as those reported in this research; in
addition, the relationship between the growth parameters
of C. officinalis with the quality and quantity of light could
be determined. It is also necessary to establish permanent
monitoring plots in order to evaluate the long-term behavior
of this species.
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