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ABSTRACT

The oitizeiro (Moquilea tomentosa), is a native and endemic Brazilian plant species found in
the restinga vegetation that is well-adapted to elevated temperatures. It is known for its
economic importance, as it is commonly used for landscaping, food and recovery of degraded
areas. This study aimed to analyze and compare the anatomical, morphological, and
physiological characteristics of sun and shade leaves of oitizeiro trees sampled in the S&o
Luis and Bacurituba cities, Maranhdo state, Brazil. The parameters evaluated included
chlorophyll indices, leaf length and width, estimated leaf area, and leaf anatomy. Leaf length,
width, and estimated area were higher in shade leaves compared to sun leaves. Chlorophyll
a, chlorophyll b, and total chlorophyll indices were higher in the shade leaves collected in
Bacurituba. For plants collected in Sao Luis, the chlorophyll a index was higher in shade
leaves, and no difference was found in chlorophyll b and total chlorophyll. The differences in
leaf size, chlorophyll content, and anatomy found between sun and shade leaves
demonstrate that Moquilea tomentosa exhibits a high phenotypic plasticity, which suggests it
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is highly adaptable to varying light intensities and highlights its potential use in the recovery
of degraded areas.

Keywords: Leaf Thickness. Oiti. Phenotypic Plasticity. Degraded Area Recovery.
Morphophysiological Responses.

RESUMO

O oitizeiro (Moquilea tomentosa) € uma planta nativa e endémica da flora brasileira,
caracteristica da restinga, que se adapta muito bem a temperaturas mais elevadas. Se
destaca pela importancia econémica, sendo muito utilizada em paisagismo, na alimentagao
e recuperagdo de areas degradadas. Este trabalho objetivou analisar e comparar
caracteristicas anatémicas, morfolégicas e fisiolégicas de folhas de sol e de sombra de
oitizeiro, coletadas em S&o Luis e Bacurituba, Maranh&o. Foram avaliados: indice de
clorofilas, comprimento e largura das folhas, estimativa de area foliar, anatomia foliar. O
comprimento, largura e estimativa de area foliar nas plantas de sombra foram maiores que
nas folhas de sol. O indice de clorofila a, b e total foi maior em folhas de sombra coletadas
em Bacurituba, e nas plantas coletadas em Sao Luis o indice de clorofila a foi maior nas
plantas de sombra, nao havendo diferenga para o indice de clorofila b e total. A diferenga no
tamanho das folhas, conteudo de clorofila e alteracbes constatadas na anatomia entre as
folhas de sol e sombra demonstram que esta espécie apresenta alta plasticidade fenotipica,
sugerindo elevada capacidade de adaptagcdo em ambientes com diferentes intensidades
luminosas, podendo ser utilizada na recuperacao de areas degradadas.

Palavras-chave: Espessura Foliar. Oiti. Plasticidade Fenotipica. Recuperacdo de Areas
Degradadas. Respostas Morfofisioldgicas.

RESUMEN

El oitizeiro (Moquilea tomentosa) es una especie nativa y endémica de la flora brasilefa,
caracteristica de ecosistemas de restinga, que presenta alta adaptacion a temperaturas
elevadas. Se destaca por su importancia econdmica, siendo ampliamente utilizada en
paisajismo, alimentacion y en la restauracion de areas degradadas. El presente estudio tuvo
como objetivo analizar y comparar las caracteristicas anatémicas, morfologicas y fisiologicas
de hojas expuestas al sol y a la sombra de oitizeiro, recolectadas en los municipios de Séao
Luis y Bacurituba, estado de Maranhao, Brasil. Se evaluaron el indice de clorofila, la longitud
y el ancho foliar, la estimacion del area foliar y la anatomia de las hojas. La longitud, el ancho
y la estimacion del area foliar fueron mayores en las hojas de plantas desarrolladas a la
sombra en comparacién con aquellas expuestas al sol. El contenido de clorofila a, b y total
fue superior en hojas de sombra recolectadas en Bacurituba; mientras que en las plantas
recolectadas en Sao Luis, el contenido de clorofila a fue mayor en hojas de sombra, sin
observarse diferencias significativas en los contenidos de clorofila b y total. Las diferencias
en el tamano foliar, el contenido de clorofila y las modificaciones anatdomicas observadas
entre hojas de sol y de sombra evidencian una elevada plasticidad fenotipica de la especie,
lo que sugiere una alta capacidad de adaptacion a ambientes con diferentes intensidades
luminicas, destacando su potencial para la restauracién de areas degradadas.

Palabras clave: Espesor Foliar. Oiti. Plasticidad Fenotipica. Restauracién de Areas
Degradadas. Respuestas Morfofisioldgicas.
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1 INTRODUCTION

Plant morphology is determined by genetics but can also be influenced by
environmental factors (Sommer, 2020). Soil, water, light, and temperature conditions can
influence plant development and productivity, resulting in the rise of morphological and
physiological mechanisms that increase survival in the environment (Silva et al., 2005).

Luminosity is one of the main factors driving plant growth, as it can affect
photosynthetic rates, respiration, the number and dimensions of mesophyll cells, cuticle
thickness, the density of stomata and phenological traits, such as the leaf's longevity
(Campos; Uchida, 2002; Montanari et al., 2004). As a primary resource, light is essential for
leaf development, accumulation of photosynthetic products, survival, and individual growth
(Chen et al., 2023; Wei et al.,, 2023). Although excess light can hinder plant growth,
development and production, plants that continuously growth under low light conditions can
also exhibit reduced photosynthetic capacity and, consequently, reduced growth rates (Yong;
Hew, 1995).

When discussing light intensity, it is important to consider the variations in the structure
of leaves, as these are the plant's organs whose anatomy is the most responsive to variations
in a habitat's light intensity (Dikson, 2000), and which exhibits the most morphological and
physiological plasticity. Light availability tends to be heterogeneous within a plant's canopy,
with some leaves being exposed to direct sunlight and others being found under varying
levels of shading (Théroux-Rancourt et al., 2023). Although plants respond differently to
varying light conditions, light intensity drives changes in leaf structure, resulting in different
leaf categories which are named sun leaves and shade leaves (Dardengo et al., 2017).

For each sun leaf, there may be four or five shade leaves under a certain level of
shading, and these shade leaves contribute significantly to the carbon intake and dynamics
in forests (He et al., 2018). Shade leaves usually exhibit lower photosynthetic rates but
require lower light levels to maintain a positive carbon net balance, as they have a lower light
compensation point. Additionally, maximum temperatures of shade leaves found in the
canopy of a tropical forest are much lower than that of sun leaves (Rey-Sanchez et al., 2016;
Fauset et al., 2018).

Understanding how luminous radiation affects plant cultivation is important to elucidate
how plants respond morphologically, physiologically, and anatomically, as it can optimize the
cultivation of species of economic interest, reduce extractivism, and thus contribute to the

success of plant reintroduction and maintenance projects. Furthermore, there is a lack of
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studies linking light intensity and plant cultivation to describe and understand not only tissue
structure and distribution but also the physiology and ecology of these species. The present
study adds to the body of knowledge regarding plant dynamics and strategies in various
ecological niches with varying light intensities. This is noteworthy when one considers the
scarcity of studies in this topic, especially within the state of Maranh&o.

The oitizeiro tree (Moquilea tomentosa Benth - Chrysobalanaceae family) is a Brazilian
native and endemic species, found in the restinga forest vegetation of Northern and
Northeastern Brazil. It is a tree species well-adapted to elevated temperatures (Rizzini; Mors,
1995). The species has been gaining significance regarding its different means of utilization,
which include landscaping, owing to its wide canopy that provides a good amount of shading
(Rizzini; Mors, 1995; Souza; Lorenzi, 2012), the recovery of degraded areas, as a food item,
since the pulp of its fruit is highly nutritive, and in traditional medicine, due to its antibacterial
and antioxidant properties (Miranda et al., 2002; Silva; Peixoto, 2009; Silva et al., 2012).

As such, the present study aims to characterize leaf morphoanatomy and physiology
of oitizeiro trees at varying degrees of light incidence on the leaves, based on specimens

collected in the Sao Luis and Bacurituba cities, Maranh&o state, Brazil.

2 METHODOLOGY

Sampling was carried out in the cities of Sdo Luis and Bacurituba. Both cities are
located within the equatorial tropical region, with a warm, semi humid climate characterized
by four to five dry months per year (Alvares et al., 2013). In S&o Luis, plant specimens were
collected at the following geographic coordinates: 02 31 47 S, and 44 18 10 W. The local
climate is tropical, with a short dry season and most months exhibiting a significant amount
of rainfall, an average annual temperature of 26.8°C, and an average annual rainfall of 2156
mm. According to Kdppen and Geiger, the climate is classified as Am. The Bacurituba city is
located in the Northern Maranhdo Mesoregion, Western Coast Microregion, Maranhao
Lowlands, with the following geographic coordinates: 02 42 21 S and 44 44 16 W. According
to Koéppen's classification, the region exhibits a tropical (AW'), humid climate, with two well-
defined seasons: a rainy season which lasts from January to June and exhibits monthly
rainfall averages of more than 255 mm, and a dry season, which lasts from July to December.

The leaves used in the present study were obtained from trees in good phytosanitary
condition and an average height of three and a half meters. Outer (sun) and inner (shade)

mature leaves were collected at a height between 1.5 and 2.0 m above the ground, between
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08 AM and 09 AM, to a total of 30 leaves under each radiation regime and at each sampling
location.

For morpho-physiological analyses, the following parameters were assessed: leaf
length and width (obtained using a millimeter ruler), chlorophyll a, chlorophyll b, and total
chlorophyll indices (obtained using a chlorophyll content meter of the Clorofilog CFL 1030,
Falker model), and estimated leaf area, measured using the equation LA = 0,667 L.W, in
which LA = estimated leaf area (cm2); L = greatest leaf length (cm); W = greatest leaf width
(cm).

For anatomical analyses, three specimens were sampled, fixed in 50% FAA, and later
transferred into 70% ethanol after 48 hours. Transversal sections of the petiole, blade, and
midrib were performed, as well as paradermal sections of the leaves' adaxial and abaxial
sides. Sodium hypochlorite at 2% was used to lighten sections (Kraus; Arduim, 1997).
Sections were colored using a solution made of safranine and Toluidine blue 1%, after which
slides were mounted using 50% glycerin, visualized through an optical microscope, and
photographed. Four fields of six individuals per treatment were used to measure cell and
tissue thickness, and stoma size. In these analyses, treatments were compared in relation to
tissue composition, cuticle thickness, stomata density, and cell shape. Thickness was
measured with the use of a micrometer eyepiece coupled to a light microscope.
Measurements were obtained using the ImageJ software.

Data analyses included an analysis of variance and a comparison of means between

sun leaves and shade leaves using the T-student Test with a 5% probability.

3 RESULTS AND DISCUSSIONS

In oitizeiro leaves collected in Bacurituba, leaf length, width and estimated area were
higher in shade leaves compared to sun leaves by 22.2%, 21%, and 39.6%, respectively. For
plants collected in Sdo Luis, shade leaves were 38.9% longer and 53% wider, with an
estimated leaf area 60% higher than sun leaves (Table 1).
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Table 1

Length (cm), width (cm), and estimated leaf area (cm? of sun and shade leaves of oitizeiro

(Moquilea tomentosa Benth.) collected in S&o Luis and Bacurituba, Maranh&o

Sao Luis Length (cm) Width (cm) Estimated leaf area
(cm?)
Sun leaves 10.90 b (1.26) 3.67 b (0.53) 26.58 b (1.93)
Shade leaves 14.01 a (1.57) 4.65 a (0.50) 44.02 a (2.12)
Bacurituba Length (cm) Width (cm) Estimated leaf area (cm?)
Sun leaves 7.75b (1.16) 2.77 b (0.49) 14.23 (2.04)
Shade leaves 12.69 a (1.97) 4.25 a (0.69) 35.85 (3.85)

Source: means followed by different letters in the column differ from each other by the t-test (a < 0.05).

Differences in development of leaf surface coverage between shade leaves and sun
leaves of both locations are results from leaf adaptations, reflecting the species’ phenotypic
plasticity, with the surface area being smaller in sun leaves due to the direct contact with
elevated levels of solar radiation, even though photosynthetic capacity is not affected
(Terashima et al., 2001). This reflects the development of thick leaves, which provide support
to excessive radiation, thus maintaining a high photosynthetic rate. Shade leaves are larger
due to adaptations to low luminosity conditions, with a higher investment in leaf expansion to
maximize the use of the incident light on the leaf's surface. In order to reach their maximum
photosynthetic capacity, shade leaves have a larger contact surface with their entire
photosynthesizing apparatus, which captures the remaining light rays coming from the tree's
canopy to produce energy and support the plant's development. This pattern was also
observed in a study by Mendes et al. (2001) on Myrtus communis (common myrtle), in which
fully developed leaves from sun plants had a smaller contact surface compared to shade
plants.

A common trait of species with high adaptation potential is the capacity to change leaf
structure in response to varying levels of light intensity, which grants them a great plasticity
to their leaf structure in relation to different light regimes (Yang et al., 2023).

Chlorophyll a, chlorophyll b, and total chlorophyll indices were higher in shade leaves
compared with sun leaves for plants collected in the city of Bacurituba. For plants collected
in S&o Luis, the chlorophyll a index was higher in shade leaves, and there were no significant

differences in the chlorophyll b and total chlorophyll indices (Table 2).
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Table 2

N

Chlorophyll a, chlorophyll b and total chlorophyll indices and standard deviation (in

parentheses) in sun and shade leaves of oitizeiro (Moquilea tomentosa Benth.) collected in

Bacurituba and Sdo Luis, Maranhao

Sao Luis

Chlorophyll a

Chlorophyll b

Total chlorophyll

Sun leaves

39.74 b (2.01)

11.93 a (3.69)

54.67 a (5.31)

Shade leaves

44.36 a (3.53)

13.18 a (4.62)

54.00 a (8.00)

Bacurituba

Chlorophyll a

Chlorophyll b

Total chlorophyll

Sun leaves

35.47 b (3.03)

10.44 b (2.23)

46.91b (4.67)

Shade leaves

39.74 a (2.17)

14.15 a (2.63)

53.89 a (3.14)

Source: means followed by different letters in the column differ from each other by the t-test (a < 0.05).

These results agree with those obtained by Scalon et al. (2003) when studying the
growth of Bombacopsis glabra (Pasq.) A. Robyns (castanha-do-maranh&o) seedlings under
different light conditions, in which seedlings growing at 50% shade showed a higher total
chlorophyll index and a lower chlorophyll a/b rate. Comparable results were obtained in
leaves collected from the outer canopy (sun leaves) and inner canopy (shade leaves) of Java
plum trees (Syzygium cumini), in which the existing level of shading was sufficient to alter
chlorophyll content, thus altering the rate between chlorophyll a and b (Souza et al., 2008).

One of the photosynthetic traits of sun leaves is the lower concentration of chlorophyll
molecules per chloroplast, especially chlorophyll b, since these plants do not need to invest
in the production of light-harvesting pigments in environments with high luminosity (Salisbury;
Ross, 1991; Lichtenthaler; Babani, 2004). The increased proportion of chlorophyll b is an
important characteristic of shaded environments because this molecule captures the energy
from other wavelengths and transfers it to chlorophyll a molecules, which effectively
participate in the photochemical reactions of photosynthesis, representing an adaptation
mechanism to lower light intensity conditions (Scalon et al., 2003).

In addition to these changes, differences in luminosity may have complex effects on a
plant's physiology, involving other factors such as reduced temperature inside the tissues,
changes in relative air humidity and soil humidity (Costa et al., 1998; Zhang et al., 2003; Da
Matta, 2004).

The composition of the photosynthesizing apparatus is highly sensitive to changes in
the quantity and spectral quality of light energy (Murchie; Horton, 1997). The synthesis of
chlorophyll molecules is influenced by several factors, including solar radiation, and the
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quantities and rates of the pigments present in the leaves vary with the species, the growth
environment, and a leaf's age, even within a single plant. As seen in leaves from plants
collected in Bacurituba, a leaf's capacity to assimilate light depends on the chlorophyll content
per unit of leaf area, which is proportional to the amount of incident light that is absorbed, that
is, the higher the chlorophyll content, the higher the capacity to absorb incident light (Stirbet
etal., 2011).

The anatomical analyses revealed differences in leaf tissue thickness depending on
the light intensity under which leaves grew (Table 3). Sun leaves exhibited a 28% thicker
blade compared with shade leaves in both sampling locations. The greatest thickness of leaf
blades reflected the fact that the mesophyll, composed mainly of palisade and spongy
parenchyma, was 35% and 32% thicker in the sun leaves collected in Sdo Luis and
Bacurituba, respectively. Leaf cuticle was 40% thicker in sun leaves compared to shade

leaves. No difference was found in stomata length and width.

Table 3
Measurements obtained from sun and shade leaves of oitizeiro (Moquilea tomentosa

Benth.) collected in S&o Luis and Bacurituba, Maranh&o

Analyzed Sao Luis - Sun Sao Luis - Shade | Bacurituba - Sun |Bacurituba - Shade
Parameters leaves leaves leaves leaves
Leaf blade thickness | 0,207 a 0,149 b 0,205 A 0,139B
Mesophyll thickness | 0,182 a 0,118 b 0,172 A 0,116 B
Cuticle thickness 0,005 a 0,003 a 0,005 A 0,003 B
Stomatal length 0,016 a 0,015a 0,017 A 0,016 A
Stomatal width 0,012 a 0,012 a 0,013A 0,013A

Source: means followed by the same letters in the row do not differ from each other according to the t-test (a <
0.05). Lowercase letters refer to comparisons among Bacurituba means. Uppercase letters refer to comparisons
among S&o Luis means.

Results concerning the thickness of sun leaves were similar to those obtained by
Morais et al. (2004) in experiments with Coffea arabica, in which leaves of coffee tree plants
cultivated in fully sunny conditions presented thicker cell walls and cuticles in both adaxial
and abaxial sides. These structures participate in the thermal isolation of the mesophyll,
protecting it from the excessive heat, which is especially important for sun leaves and
represents a characteristic adaptation caused by the luminosity stimulus.

The oitizeiro tree presents hypostomatic leaves. The adaxial epidermis of leaves

collected in Bacurituba and S&o Luis exhibits polyhedral cells from a paradermal view, with
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straight walls lacking stomata (Fig. 1a, 1c, 2a, and 2c). The abaxial epidermis exhibits
polyhedral epidermic cells, with diacytic stomata (Fig. 1b, 1d, 2b, and 2d) in the same level
as epidermic cells. Stomata density is higher in sun leaves, as observed by Mendes et al.
(2001) in sun leaves of Myrtus communis.

The midrib of leaves exhibits a single-layer epidermis, followed by several layers of
plate collenchyma. Xylem and phloem are distributed in a single collateral bundle in the form
of a closed arc, and there is no difference in the quantity and caliber of xylem and phloem
vessels between sun and shade leaves. The bundles are surrounded by a sheath of
sclerenchyma cells, followed by several layers of parenchyma with cells of varying sizes (Fig.
1e-f, 2e-f).

In a transversal section, the petiole of leaves of the oitizeiro tree exhibits convexity on
the adaxial side, with a single-layer epidermis, followed below by several layers of
collenchyma. Internally, there are parenchyma cells of varying sizes. The vascular bundle of
the petiole is similar to that of the midrib in relation to the number and size of conducting
elements (Fig. 1g-h, 2g-h). In sun leaves, there are two smaller vascular bundles on the upper
portion of the petiole (Fig. 1g and 29).

The leaf blade of M. tomentosa is composed by the upper epidermis, palisade
parenchyma, vascular bundles, spongy parenchyma, and lower epidermis (Fig. 3). A
transversal section evidences a single-layer epidermis surrounded by the cuticle in both sun
and shade leaves, showing that the cuticle of sun leaves is thicker (Fig. 3e-f, Table 3). The
palisade parenchyma of sun leaves is thicker, with few intercellular spaces, and a large
quantity of chloroplasts in its cells (Fig. 3a), while in shade leaves the parenchyma exhibits
flatter cells and a smaller number of cell layers compared with sun leaves (Fig. 3b). These

results were similar for samples from both locations.
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Figure 1
Details of the adaxial epidermis of sun leaves (a), abaxial epidermis of sun leaves (b)

adaxial epidermis of shade leaves (c), abaxial epidermis of shade leaves (d), midrib of sun
leaves (e), midrib of shade leaves (f), petiole of sun leaves (g) and petiole of shade leaves
(h) of the oitizeiro tree (Moquilea tomentosa Benth.) collected in Bacurituba city, Maranhao

state, Brazil. Black arrows: stoma

Source: research authors themselves.
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Figure 2
Details of the adaxial epidermis of sun leaves (a), abaxial epidermis of sun leaves (b)

adaxial epidermis of shade leaves (c), abaxial epidermis of shade leaves (d), midrib of sun
leaves (e), midrib of shade leaves (f), petiole of sun leaves (g) and petiole of shade leaves
(h) of the oitizeiro tree (Moquilea tomentosa Benth.) collected in S&o Luis city, Maranhao

state, Brazil

Source: research authors themselves.
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Figure 3
Transversal section of sun leaves (a, ¢, and e) and shade leaves (b, d, f and h) of the

oitizeiro tree (Moquilea tomentosa Benth.). ue: upper epidermis, ct: cuticle, le: lower
epidermis, pp: palisade parenchyma, sp: spongy parenchyma, fv: vascular bundle, pcr:

prismatic crystals, dr: druse, s: stoma, sc: substomatal chamber

LY STTTR N

Source: research authors themselves.

No significant differences were found concerning the cellular composition of the leaf

blade, petiole, and midrib between the different solar radiation exposure conditions in both
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locations, except for the presence of idioblasts with druses scattered irregularly in the
collenchyma, both in the midrib and the petiole, found in larger quantities in sun leaves
(Figure 3G-H). Sun leaves tend to have more idioblasts than shade leaves (Taiz et al. 2017)

Such difference in leaf thickness is mostly due to the larger quantity of mesophyll cells,
a characteristic also seen in other studies (Millaneze-Gutierre et al., 2003), such as that of
Espindola Junior et al. (2009), who observed differences in how parenchyma cells were
distributed in leaves of Piper hispidinervium. The authors suggested that the spacing of
epidermal cells may be associated with a high light intensity, due to increased photosynthetic
activity. Similarly, Morais et al. (2004) demonstrated that the leaves of coffee trees cultivated
in fully sunny conditions presented thicker cell walls and cuticles in both the abaxial and
adaxial sides, which reflects the role they play in isolating the mesophyll from excessive heat.

Changes in the morphological and anatomical characteristics of leaves exposed to
different light intensities have been observed in several species, such as Piper
hispidinervium, Myrtus communis, Hymenaea courbaril, and Coffea arabica (Santiago et al.,
2001; Mendes et al., 2001; Campos; Uchida, 2002; Morais et al., 2004). Some plants may
develop adaptive responses to the conditions they are exposed to, driving changes in leaf
structure characteristics. Under intense incident solar radiation, plants may exhibit smaller,
thicker leaves (James; Bell, 2001). Reducing leaf surface also reduces water loss in plants,
and thicker leaves allow for a greater utilization of solar radiation and a higher water storage,
thus favoring the maintenance of a plant's water balance (James; Bell, 2001).

Even species of the restinga vegetation with water storage tissues but exposed to a
high degree of solar radiation can exhibit low water content. When exposed to high rates of
radiation, these plants present phenotypic plasticity, making up for the low water potential
through adaptive strategies that enable their survival in limiting environments with low water
and nutrient availability, and high luminosity, thus regulating photosynthetic rates and
resource allocation (Melo; Boeger, 2016).

Adaptive diversity, which includes responses related to the mass per unit of area in
response to light and leaf size, is mediated by genes, and is seen among individuals of the
same species, and among leaves of the same individual. Such anatomical differences,
together with the analyzed morphological changes, show that the leaves of oitizeiro trees
respond to varying levels of incident light. The amount and intensity of radiation can drive
changes in leaf area, thickness, in the quantity and size of intercellular spaces, the number

and layers of the mesophyll, as well as changes in the distribution of photoassimilates, as

REVISTA ARACE, S3o José dos Pinhais, v.8, n.6, p. 1-18, 2026

- :



*

Revista

ARACE

reported by, Kappel and Flore (1983), Almeida (1985), Givnish et al. (2004) and Guerra et al.
(2015), when characterizing the phenotypic plasticity of plant species.

Radiation, environmental air temperature and transpiration determine leaf
temperature, which in turn affects photosynthetic capacity by altering the carboxylation rates.
The portion of a canopy illuminated by the sun receives direct and diffuse radiation, while
shaded leaves receive only diffuse radiation for photosynthesis; as such, temperature in
shaded leaves tends to be a few degrees lower than that of sun leaves (Spayd et al., 2002).

Changes in leaf temperature can significantly affect carbon assimilation and
transpiration in various plant species (Amissah et al., 2015; Martins et al., 2014). For instance,
the shading provided by the canopy was found to be effective to mitigate photoinhibition and
improve the efficiency of water use in Olea europaea (Sofo et al. 2009), Citrus (Alarcon et al.,
2006), and Actinidia deliciosa var. deliciosa (Montanaro et al., 2009).

Variations in light intensity may change morphological, physiological, and biochemical
aspects of plants, leading them to develop sophisticated strategies with fascinating
evolutionary differences. However, more studies are needed to better elucidate differences
between leaves and plants of different ages, and differences in the canopy's exposure to light,
in addition to detecting early symptoms of stress long before damage becomes visible in sun
and shade plants. Furthermore, additional studies would be useful to analyze proteins in
plants cultivated in the sun and in the shade, which would help elucidate the role of various
protein complexes that help plants adapt to sunny and shaded conditions. Understanding the
mechanisms underlying an efficient photosynthesis with fluctuating light conditions can open
doors to increasing cultivation yields and may reveal fundamental principles of energy in

conversion systems.

5 CONCLUSION

The differences in leaf size, chlorophyll content, and leaf anatomy variations found
between sun and shade leaves of M. tomentosa demonstrate that the species exhibits a high
phenotypic plasticity, suggesting it is highly adaptable to life in environments of varying light

intensities.

REFERENCES

ALARCON, J. J. et al. Improving water-use efficiency of young lemon trees by shading with
aluminised-plastic nets. Agricultural Water Management, v. 82, p. 387-398, 2006.

REVISTA ARACE, S3o José dos Pinhais, v.8, n.6, p. 1-18, 2026

- '



*

Revista

ARACE

ALVARES, C. A. et al. Kdppen's climate classification map for Brazil. Meteorologische
Zeitschrift, v. 22, n. 6, p. 711-728, 2013. Disponivel em: https://doi.org/10.1127/0941-
2948/2013/0507. Acesso em: 04 jun. 2026.

AMISSAH, L. et al. The effects of drought and shade on the performance, morphology and
physiology of Ghanaian tree species. PLoS One, v. 10, n. 4, e0121004, 2015.

CAMPOS, M. A. A.; UCHIDA, T. Influéncia do sombreamento no crescimento de mudas de
trés espécies amazobnicas. Pesquisa Agropecuaria Brasileira, v. 37, n. 3, p. 281-288,
2002.

CHEN, S. et al. “Diminishing returns” and leaf area-biomass scaling of ferns in subtropical
ecosystems. Frontiers in Plant Science, v. 14, p. 1187704, 2023.

COSTA, L. C. B.; ALMEIDA, A. A. F.; VALLE, R. R. Crescimento, teor de clorofila e estrutura
anatbmica em plantulas de Theobroma cacao submetidas a diferentes irradiancias e
doses de nitrogénio. Agrotropica, v. 10, n. 1, p. 21-30, 1998.

DA MATTA, F. M. Restricbes ecofisiologicas na produgdo de café sombreado e nao
sombreado: uma revisao. Field Crops Research, v. 86, p. 99-114, 2004.

DARDENGQO, J. D. F. E. et al. Analise da influéncia nos aspectos anatdmicos das folhas de
Theobroma speciosum Willd. ex Spreng. (Malvaceae). Ciéncia Florestal, v. 27, n. 3, p.
843-851, 2017.

DICKSON, W. C. Integrative plant anatomy. Massachusetts: Harcourt/Academic Press, 2000.

ESPINDOLA JUNIOR, A. et al. Variagdo na estrutura foliar de Mikania glomerata Spreng.
(Asteraceae) sob diferentes condi¢gbes de luminosidade. Brazilian Journal of Botany, v.
32, n. 4, p. 749-758, 2009.

FAUSET, S. et al. Differences in leaf thermoregulation and water-use strategies between
three co-occurring Atlantic forest tree species. Plant, Cell & Environment, v. 41, n. 7, p.
1618-1631, 2018.

GIVNISH, T. J.; MONTGOMERY, R. A.; GOLDSTEIN, G. Adaptive radiation of photosynthetic
physiology in the Hawaiian lobeliads: light regimes, static light responses, and whole-
plant compensation points. American Journal of Botany, v. 91, n. 2, p. 228-246, 2004.

GUERRA, A. et al. Morfoanatomia de folhas de sol e de sombra de Handroanthus
chrysotrichus (Mart. ex DC.) Mattos (Bignoniaceae). SaBios: Revista de Saude e
Biologia, v. 10, n. 1, p. 59-71, 2015.

HE, L. et al. Changes in the shadow: the shifting role of shaded leaves in global carbon and
water cycles under climate change. Geophysical Research Letters, v. 45, n. 10, p. 5052—
5061, 2018.

JAMES, S. A.; BELL, D. T. Leaf morphological and anatomical characteristics of heteroblastic

Eucalyptus globulus ssp. globulus (Myrtaceae). Australian Journal of Botany, v. 49, n. 2,
p. 259-269, 2001.

REVISTA ARACE, S3o José dos Pinhais, v.8, n.6, p. 1-18, 2026

- :



*

Revista

ARACE

KAPPEL, F.; FLORE, J. A. Shade effects on photosynthesis, specific leaf weight, leaf
chlorophyll content, and morphology of young peach trees. Journal of the American
Society for Horticultural Science, v. 108, n. 4, p. 541-544, 1983.

KRAUS, J. E.; ARDUIN, M. Manual basico de métodos em morfologia vegetal. Seropédica:
EDUR, 1997.

LICHTENTHALER, H. K.; BABANI, F. Light adaptation and senescence of the photosynthetic
apparatus: changes in pigment composition, chlorophyll fluorescence parameters and
photosynthetic activity. In: PAPAGEORGIOU, G. C.; GOVINDJEE (org.). Chlorophyll a
fluorescence. Dordrecht: Springer, 2004. p. 713—-736. (Advances in Photosynthesis and
Respiration, v. 19).

MARTINS, S. C. V. et al. Understanding the low photosynthetic rates of sun and shade coffee
leaves: bridging the gap on the relative roles of hydraulic, diffusive and biochemical
constraints to photosynthesis. PLoS One, v. 9, n. 4, €95571, 2014.

MELO JUNIOR, C. F.; BOEGER, M. R. T. Leaf traits and plastic potential of plant species in
a light-edaphic gradient from restinga in southern Brazil. Acta Biolégica Colombiana, v.
21,n.1, p. 51-62, 2016.

MENDES, M. M.; GAZARINI, L. C.; RODRIGUES, M. L. Acclimation of Myrtus communis to
contrasting Mediterranean light environments: effects on structure and chemical
composition of foliage and plant water relations. Environmental and Experimental Botany,
v.45,n. 2, p. 165-178, 2001.

MILLANEZE-GUTIERRE, M. A. et al. Anatomia foliar de espécies de Vochysia
(Vochysiaceae) em diferentes condicbes de luminosidade. Revista Brasileira de
Boténica, v. 26, n. 4, p. 507-516, 2003.

MIRANDA, M. M. et al. Anti-herpes simplex virus effect of a seed extract from the tropical
plant Licania tomentosa (Benth.) Fritsch (Chrysobalanaceae). Phytomedicine, v. 9, n. 7,
p. 641-645, 2002.

MONTANARI, R. M. et al. Phenotypical plasticity of the external morphology in Lippia alba
(Mill.) N. E. Br. ex Britton & Wilson in response to level of luminosity and fertilization.
Revista Brasileira de Plantas Medicinais, v. 6, n. 2, p. 96—101, 2004.

MONTANARO, G.; DICHIO, B.; XILOYANNIS, C. Shade mitigates photoinhibition and
enhances water use efficiency in kiwifruit under drought. Photosynthetica, v. 47, n. 3, p.
363-371, 2009.

MORAIS, H. et al. Modifications on leaf anatomy of Coffea arabica caused by shade of
pigeonpea (Cajanus cajan). Brazilian Archives of Biology and Technology, v. 47, n. 6, p.
863-871, 2004.

MURCHIE, E. H.; HORTON, P. Acclimation of photosynthesis to irradiance and spectral

quality in British plant species: chlorophyll content, photosynthetic capacity and habitat
preference. Plant, Cell & Environment, v. 20, n. 4, p. 438—448, 1997.

REVISTA ARACE, S3o José dos Pinhais, v.8, n.6, p. 1-18, 2026

- ’



*

evista

R ~
ARAC E
1IN/ NN\
ISSN: 2358-2472

REY-SANCHEZ, A. C. et al. Spatial and seasonal variation of leaf temperature within the
canopy of a tropical forest. Climate Research, v. 71, n. 1, p. 75-89, 2016.

RIZZINI, C. T.. MORS, W. B. Botanica econémica brasileira. 2. ed. S30 Paulo: Ambito
Cultural, 1995.

SALISBURY, F. B.; ROSS, C. W. Plant physiology. Belmont: Wadsworth Publishing Company,
1991.

SANTIAGO, E. J. A. et al. Aspectos da anatomia foliar da pimenta-longa (Piper hispidinervum
C. DC.) sob diferentes condi¢cbes de luminosidade. Ciéncia e Agrotecnologia, v. 25, n. 5,
p. 1035-1042, 2001.

SCALON, S. P. Q. et al. Crescimento inicial de mudas de Bombacopsis glabra (Pasq.) A.
Robyns sob condigdo de sombreamento. Revista Arvore, v. 27, n. 6, p. 753—758, 2003.

SILVA, |. M.; PEIXOTO, A. L. O abajuru (Chrysobalanus icaco L. e Eugenia rotundifolia
Casar.) comercializados na cidade do Rio de Janeiro, Brasil. Revista Brasileira de
Farmacognosia, v. 19, n. 1B, p. 325-332, 2009.

SILVA, J. B. N. F. et al. Atividades antibacterianas e antioxidantes de Licania tomentosa
(Benth.) Fritsch (Chrysobalanaceae). Arquivos de Ciéncias Bioldgicas e da Saude, v. 64,
p. 459-464, 2012.

SILVA, L. M.; ALQUINI, Y.; CAVALLET, V. J. Inter-relagbes entre a anatomia vegetal e a
producao vegetal. Acta Botanica Brasilica, v. 19, n. 1, p. 183—-194, 2005.

SOFO, A. et al. Shade effect on photosynthesis and photoinhibition in olive during drought
and rewatering. Agricultural Water Management, v. 96, n. 8, p. 1201-1206, 2009.

SOMMER, R. J. Phenotypic plasticity: from theory and genetics to current and future
challenges. Genetics, v. 215, n. 1, p. 1-13, 2020.

SOUZA, G. S. et al. Determinacgao de clorofila em folhas de sombra e sol em plantas de
jameldo. In: VIl ENCONTRO DE POS-GRADUACAO; Il ENCONTRO DE INICIACAO
CIENTIFICA JUNIOR, 2008, Sao José dos Campos: Universidade do Vale do Paraiba,
2008.

SOUZA, V. C.; LORENZI, H. Botanica sistematica: guia ilustrado para identificagao das
familias de fanerégamas nativas e exéticas no Brasil, baseado em APG lll. 3. ed. Nova
Odessa: Instituto Plantarum, 2012.

SPAYD, S. E. et al. Separation of sunlight and temperature effects on the composition of Vitis
vinifera cv. Merlot berries. American Journal of Enology and Viticulture, v. 53, n. 3, p.
171-182, 2002.

STIRBET, A.; GOVINDJEE. On the relation between the Kautsky effect (chlorophyll a
fluorescence induction) and photosystem II: basics and applications of the OJIP
fluorescence transient. Journal of Photochemistry and Photobiology B: Biology, v. 104, n.
1-2, p. 236-257, 2011.

REVISTA ARACE, S3o José dos Pinhais, v.8, n.6, p. 1-18, 2026

- .



ﬁ

Revista

ARACE

ISSN: 2358-2472

TAIZ, L. et al. Fisiologia e desenvolvimento vegetal. 6. ed. Porto Alegre: Artmed, 2017.

TERASHIMA, |.; MIYAZAWA, S. |.; HANBA, Y. T. Why are sun leaves thicker than shade
leaves? Consideration based on analyses of CO, diffusion in the leaf. Journal of Plant
Research, v. 114, n. 1111, p. 93-105, 2001.

THEROUX-RANCOURT, G. et al. Analyzing anatomy over three dimensions unpacks the
differences in mesophyll diffusive area between sun and shade Vitis vinifera leaves. AoB
Plants, v. 15, n. 2, p. 1-13, 2023.

WEIL Y.,; WANG, S.; YU, D. The role of light quality in regulating early seedling development.
Plants, v. 12, n. 14, p. 1-15, 2023.

YANG, K. et al. Divergent adaptations of leaf functional traits to light intensity across common
urban plant species in Lanzhou, northwestern China. Frontiers in Plant Science, v. 14, p.
1000647, 2023.

YONG, J. W. H.; HEW, C. S. The patterns of photoassimilate partitioning within connected
shoots for the thin-leaved sympodial orchid Oncidium Goldiana during different growth
stages. Lindleyana, v. 10, n. 2, p. 92—-108, 1995.

ZHANG, S.; MA, K.; CHEN, L. Response of photosynthetic plasticity of Paeonia suffruticosa

to changed light environments. Environmental and Experimental Botany, v. 49, n. 2, p.
121-133, 2003.

REVISTA ARACE, S3o José dos Pinhais, v.8, n.6, p. 1-18, 2026

- ’



