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Abstract - Eugenia luschnathiana (O.Berg) Klotzsch ex B.D.Jacks. (Myrtaceae) species, commonly
known as pitomba-da-baia, occurs in Restinga region in the state of Ceara and has medicinal potential.
The present study aimed to characterize the anatomy of E. luschnathiana leaves in the rainy and dry
seasons, as well as in the sun and shade in the Restinga region of Ceara, aiming to generate useful
information to understand the adaptive value of morphoanatomic responses to the natural conditions of
occurrence of the species. Collections were performed at the State Botanical Park of Ceara, and leaves
were completely expanded and fixed in FAA70, being replaced by 70% ethanol after 24 h. Samples were
submitted to standard plant anatomy methodologies in order to qualitatively and quantitatively analyze
the leaf blade and petiole structures. As a result, there were differences among sun and shade leaves,
rain and dry. In relation to luminosity, most determinations were higher in sun leaves: trichome density
and frequency; trichome scar frequency; stomatal frequency, stomatal index, length, width and area of
stomata; thickness of leaf blade, mesophyll, cuticle, epidermis, palisade and spongy parenchyma; length
and width of the central vein, area of the central vein vascular bundle, number of secretory cavities in
the central vein; length and width of the petiole, area of the petiole vascular bundle; amount and area
of secretory cavities in the petiole. In shade leaves, only the number of druses in the central vein and
petiole were larger. Regarding seasonality, all determinations were higher in the rainy season, except
for the length and width of the central vein; number of druses in the central vein and petiole; length
of the petiole, area of the vascular bundle and secretory cavities of the petiole. Therefore, it could be
concluded that E. luschnathiana has great acclimative capacity to conditions of intense luminosity
and periods of water deficit.

Index terms: Myrtaceae, pitomba-da-baia, anatomical plasticity, seasonality, luminosity.
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Resumo - A espécie Eugenia luschnathiana (O. Berg) Klotzsch ex B.D.Jacks. (Myrtaceae), vulgarmente
conhecida como pitomba-da-baia, ocorre em regido de Restinga no Estado do Ceara e possui potencial
medicinal. O presente estudo objetivou caracterizar a anatomia foliar da E. luschnathiana nas estagoes de
chuva e seca, bem como ao sol e a sombra na Restinga cearense, visando a gerar informagdes Uteis para
a compreensao do valor aclimatativo das respostas morfoanatdmicas as condi¢des naturais de ocorréncia
da espécie. Foram realizadas coletas, no Parque Estadual Botanico do Cear4, de folhas completamente
expandidas e fixadas em FAA70, sendo substituido por etanol a 70%, apds 24 h. As amostras foram
submetidas a metodologias-padrao em anatomia vegetal, a fim de analisar qualitativa e quantitativamente
as estruturas da lamina foliar e do peciolo. Como resultado, verificaram-se diferengas entre folhas de
sol e sombra na chuva e na seca. Em relagdo a luminosidade, a maioria das determinagdes foi maior
nas folhas de sol: densidade e frequéncia de tricomas; frequéncia de cicatriz de tricomas; frequéncia
estomatica, indice estomdtico, comprimento, largura e area dos estdmatos; espessura da lamina foliar,
mesofilo, cuticula, epiderme, parénquima pali¢adico e esponjoso; comprimento e largura da nervura
central, area do feixe vascular da nervura central, quantidade de cavidades secretoras na nervura central;
comprimento e largura do peciolo, area do feixe vascular do peciolo, quantidade e area de cavidades
secretoras no peciolo. Nas folhas de sombra, apenas a quantidade de drusas na nervura central e no
peciolo foram maiores. Em relagdo a sazonalidade, todas as determinagdes foi maior na esta¢do de
chuva, com exce¢do do comprimento e da largura da nervura central; quantidade de drusas na nervura
central e no peciolo, comprimento do peciolo, area do feixe vascular e das cavidades secretoras do
peciolo. Portanto, conclui-se que a E. luschnathiana possui grande capacidade aclimatativa as condigdes
de intensa luminosidade e periodos de déficit hidrico.

Termos para indexaciio: Myrtaceae, pitomba-da-baia, plasticidade anatdmica, sazonalidade,
luminosidade.
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Introduction

Mpyrtaceae is a widely studied species due to its
chemical characteristics of medicinal potential and to
the presence of secondary metabolites (ALVARENDA et
al., 2015; OLIVEIRA et al., 2016b; SIMONETTI et al.,
2016). The great diversity of this family is reflected in the
Restinga regions of Brazil (LOURENCO; BARBOSA,
2012), being well representative in Sdo Gongalo do
Amarante, Ceara (CASTRO et al., 2012). One of the
most representative genera of the family is Fugenia L.,
with about 387 species occurring in Brazil (BFG, 2015).
One of the species rarely studied in this group, mainly
in relation to the leaf anatomy is Eugenia luschnathiana
(O.Berg) Klotzsch ex B.D. Jacks., Popularly known as
pitomba-da-baia (LUCENA et al., 2014).

E. luschnathiana has great pharmacological value
because it has phenolic compounds and anthocyanins of
important dietary antioxidant effect (REYNERTSON et
al., 2008). It is a native fruit of Brazil and can be found in
the nature as shrubs or small trees, differing of the other
Eugenia species because its leaves have primary venation
adaxially concave, raceme with indefinite primary axis
finished in vegetative branch, pyloric stem disc, hairy
stylet and globoid to subgloboid fruits (AMORIM;
ALVES, 2012). Although E. luschnathiana has low
importance value index (IVI=0.61) in the coast sampled
in Pecém, Sao Gongalo do Amarante-CE (CASTRO et al.,
2012), it plays an important ecological role in the Restinga
region of Ceara, because it attracts different pollinators,
seed dispersers and herbivores, among which are insects,
frugivorous birds, bats and monkeys.

Leaves have great ecological plasticity, promptly
acclimating to environmental variations (SULTAN, 2000;
VALLADARES et al., 2000; SULTAN, 2003). Abiotic
conditions such as luminosity and water availability can
influence the anatomical structure of plants for a better
acclimatization to the environment which they are inserted
(PACHECO-SILVA; DONATO, 2016; OLIVEIRA et al.,
2016Db).

Some characteristics such as stomata can be
reported as an example in ecological plasticity, since
depending on the species, the quantity may be higher
or lower, under conditions of high luminosity and water
scarcity (DONATO; MORRETES, 2009; VILE et al.,
2012; OLIVEIRA et al., 2016a). Other examples that
undergo modifications in the aforementioned conditions
are the greater thickness of the cuticle on the adaxial face
and numerous trichomes on the abaxial side (ESPOSITO-
POLESI et al., 2011). In relation to luminosity, it is
possible to mention, among others, greater thicknesses of
the leaf blade and palisade parenchyma in leaves collected
in the sun, which can increase the photosynthetic potential
(EVERT, 2013; AMORIM; MELO JUNIOR, 2017). It
was also observed that the greater thickness of the spongy

parenchyma also increases the photosynthetic rate due
to the existence of more chloroplasts in the mesophyll
(OGUCHTI et al., 2006, HIKOSAKA et al., 2014).

The ecological anatomy study is important to
explain the acclimative strategies of plants to survive
in the diverse environmental conditions in their habitat.
Therefore, the hypothesis of the present work was that
there is a correlation between the anatomy of Eugenia
luschnathiana (O.Berg) Klotzsch ex B.D. Jacks leaves and
the environmental conditions to which they are exposed.

Therefore, the aim of the present work was to
characterize the anatomy of Eugenia luschnathiana
(O.Berg) Klotzsch ex B.D. Jacks leaves in rainy and dry
seasons, as well as, in the sun and shade in the Restinga
region of the state of Ceara, aiming to generate useful
information to understand the acclimative value of the
morphoanatomic responses to the natural conditions of
occurrence of the species.

Material and methods

E. luschnathiana branches were collected in a
Restinga area of the Vegetation Complex of the State
Botanical Park of Ceara Coastal Zone (3°42°45.8”’S and
38°38’29.6”W and 21 m a.s.l.), in Caucaia-CE, which
consists of Restinga, Caatinga and Mangrove, with
average temperature of 26-28°C, average annual rainfall
of 1,243.2 mm, with rainy months from January to May
and the driest months from August to October (IPECE,
2018), with equatorial Savannah climate and dry summer
(As), according to the Koppen climatic classification
(ALVARES et al., 2013).

For the anatomical study, completely expanded
leaves located on the 3 to 5" node of branches were
collected, fixed at FAA70 (JOHANSEN, 1940) and after
24 hours preserved in 70% ethanol (JENSEN, 1962),
remaining immersed in this solution until later stages at
the Laboratory of Ecology, State University of Ceara. In
the field, temperature and humidity were also measured
using the J-Prolab thermo-hygrometer apparatus.

Plant samples were obtained from ten different
individuals in the Restinga Forest, five located at the
border of the forest (sun plants - average temperature of
36.41°C and average relative humidity of 50.2%) and five
located within the forest with dense vegetation (shade
plants - average temperature of 35.63°C and average
relative humidity of 53.2%), both collections were carried
out in the rainy season (April) and in the dry season
(October) of 2016, for seasonal ecological comparison.
According to FUNCEME (2018), the annual precipitation
in Caucaia-CE in the year of collection (2016) was 1,206
mm, with minimum rainfall in October and November (3.4
mm) and maximum rainfall in March and April (287.9 and
277.9 mm, respectively).

Samples were cut in the cross-sectional direction in
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the middle third, border and central vein of the leaf blade,
in addition to petiole section, made by free hand using
Ranvier’s microtome. This was followed by clarification in
20-30% sodium hypochlorite and washing 3-6 times with
distilled water (KRAUS; ARDUIM, 1997), followed by
alcian blue/safranin (4:1) staining (LUQUE et al., 1996).
Subsequently, the material was dehydrated in a growing
ethylic series, passing through butyl acetate and mounted
on glass varnish (PAIVA et al., 2006).

For analysis of the epidermis, portions of materials
were submitted to Franklin solution (1945) (at 1:1
concentration, with change in the hydrogen peroxide, used
at 60%) for 24 hours in an oven at 80°C. Parasidermic
samples were stained with alcoholic safranin JOHANSEN,
1940), washed in distilled water, dehydrated in ethyl
series, passed through butyl acetate and mounted on glass
varnish (PAIVA et al., 20006).

For photographic recording, a DSC-W530 camera
coupled to BEL PHOTONICS optical microscope was
used. For the measurements of anatomical structures, the
Image-Pro Plus software was used.

For the cross sections in the median third region,
the total thickness of the leaf blade, adaxial and abaxial
cuticle, adaxial and abaxial epidermis, mesophyll, palisade
and spongy parenchyma was quantitatively evaluated (n=
30). In the median region of the central vein, its length and
total width, area of the central vascular bundle, as well as,
number of druses and secretory cavities were measured.
The same parameters were also measured in the petiole,
plus the area of secretory cavities.

In paradermal sections, the density (number of
analyzed structures/area) and relative frequency (number
of structures analyzed/total epidermal cells) of trichomes,
trichome scars and stomata were quantitatively examined
(n=30). Length, width and area of each stoma were also
measured in the Image-Pro Plus software, as well as the
stomatal index based on formula adapted by Willmer and
Fricker (1996).

The experimental design was completely
randomized, with 2 x 2 factorial (rain and dry) x (sun and
shade) and 30 replicates. The results were submitted to the
normality test, followed by analysis of variance observing
the significance by the F test and when significant,
the Tukey test was carried out at 5% probability level
(SANTOS et al., 2008). The t test at 1% probability level
was also performed for the thicknesses of cuticle and
epidermis (VIEIRA, 2011).

Results

Qualitative analyses

The adaxial face of the epidermis of E. luschnathiana
sun leaves presented cells with straight anticlinal walls
(Figures 1A and 1C), while shade leaves were slightly
sinuous in the rainy season (Figure 1B) and markedly

sinuous in the dry season (Figure 1D). In this region, the
epidermal cell of the secretory structure surrounded by
polygonal cells to circular cells arranged in radiated form
could be observed (Figure 1A).

The epidermal cells common of the abaxial face
resembled that of the adaxial face; however, showing
paractic trichomes and stomata (Figures 1E-H and 1J).
The trichomes that were found were of the unicellular
tectorial type, which presented great quantity (Figures
1E and 1G); therefore, the presence of trichome scars
was frequent (Figures 1E-H and 1K). The presence of
the epidermal cell of the secretory structure involved by
cells similar to those described for the adaxial face could
be observed (Figures 1F, 1H and 11I).

The epidermis of both faces was uniestratified,
with thick cuticle (Figures 2A-E). Stomata were found
on the same level as the other common epidermal cells
(Figure 2B).

The cross section of the E. luschnathiana leaf blade
revealed typical dorsiventral structure (Figures 2A-E),
with uniestratified palisade parenchyma.

The spongy parenchyma had 7-10 cell strata, which
delimited wide intercellular spaces (Figures 2A-E) and
contained collecting cells, involving the vascular bundles
(Figures 2A and 2E). In the spongy parenchyma, there are
small vascular bundles, surrounded by parenchymal sheath
and fibers occurring in both poles of the bundles (Figures
2A-E). The spongy parenchyma also presented idioblasts
with druses (Figures 2A and 2D-E).

It was possible to verify the presence of secretory
structures, of the secretory cavity type, with large
rounded cavity delimited by secretory cells and with cells
that project to the epidermis. The distribution of these
structures is diffuse, which are located on the adaxial
and abaxial face of the leaf. The secretory structures
presented diameter that exceeds the height of cells of the
palisade parenchyma, reaching the spongy parenchyma
(Figure 2C).

In general, the foliar border region was rectilinear
(Figures 2H-K). However, sun leaves could also present
it slightly flexed towards the abaxial face (Figures 2F-
G). The presence of collenchyma was observed on the
border, and in this region, the palisade parenchyma was
interrupted and the spongy parenchyma was reduced
to about four cell layers (Figure 2H and 2L). Near the
border, a vascular bundle occurred, with a small number
of conductive elements and presence of fibers (Figures
2H and 2L).

The median vein region, in cross section, was
concave-convex (Figures 3A-D). On the adaxial face,
the palisade parenchyma was usually interrupted by 8-10
colenchymatic cells, which made contact with the fibers
that enveloped the vascular bundle (Figures 3A and 3C-
D). The bicolateral vascular bundle organized in an arch
was found facing the adaxial face (Figures 3A-D). In the
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abaxial face, 6-8 parenchyma and 1-2 colenchyma layers
occurred in contact with epidermal cells (Figures 3A-D).
In the central vein, it was possible to verify the presence of
secretory cavities and idioblasts with druses (Figure 3C).

The median region of the petiole in cross section
was flat-convex (Figures 3E-G) to concave-convex (Figure
3). The epidermis was uniestratified, with rare unicellular
tectorial trichomes (Figures 3E-I). In the region below
the epidermis, 2-3 colenchyma layers occurred (Figures

3E-H). The cortical region consisted of parenchyma, with
16-20 layers facing the adaxial face and approximately 16
facing the abaxial face. Druses were common in the cortex
(Figures 3E-H). Secretory cavities occurred close to the
colenchyma (Figures 3E-H). The central portion of the
petiole consisted of an arch-shaped bundle (Figures 3E-
H). The organization of the vascular system was similar
to that observed in the median vein with vascular arch
margins more convoluted in the petiole and absence of
marginal fibers (Figures 3E-H).

Figure 1 - Adaxial (A-D) and abaxial epidermis (E-H) of Eugenia luschnathiana leaves (O.Berg) Klotzsch ex
B.D.Jacks. in front view. Treatments: A and E- rain/sun; B and F- rain/shade; C and G- dry/sun; D and H- dry/
shade. Expanded structures: I- epidermal cells of the secretory structure; J- paracytic stomata; K- trichome scar.
Abbreviations: TrS- trichome scar; SS- secretory structure; St- stomata; Tr- trichome. Bar: 30 (A-H) and 5 (I-K) pm.
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Figure 2 - Cross section (A-E) and leaf border (F-L) of Eugenia luschnathiana leaves (O.Berg) Klotzsch ex B.D.
Jacks. Treatments: A- rain/sun; B- detail showing stomata; C- rain/shade; D- dry/sun; E dry/shade; F- rain/sun slightly
flexed to the abaxial face; G- dry/sun slightly flexed to the abaxial face; H- rain/sun rectilinear; I- dry/sun rectilinear;
J- rain/shade rectilinear; K- dry/shade rectilinear; L- Figure H magnified. Abbreviations: CC- collection cells; Col-
colenchyma; SC- secretory cavity; Dr- druses; EpAd- epidermis adaxial; St- stomata; VB- vascular bundle; SP-
spongy parenchyma; PP- palisade parenchyma; Tr- unicellular tectorial trichome. Bar: 60 (A-L) pm.
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Figure 3- Median vein (A-D) and petiole (E-I), in cross-section of Eugenia luschnathiana (O.Berg) Klotzsch ex B.D.
Jacks. Treatments: A and E- rain/sun; B and F- rain/shade; C and G- dry/sun; D and H- dry/shade. Expanded structure:
I- petiole with trichomes. Abbreviations: Col- colenchyma; SC- secretory cavity; Dr- druses; EAd- epidermis adaxial;
Fb- fibers; Ph- phloem; SP- spongy parenchyma; PP- palisade parenchyma; Tr- trichome; X- xylem. Bar: 160 (A-I) um.

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 5: (e-696)



Ecological anatomy of Eugenia luschnathiana (O.Berg) Klotzsch ex B.D.Jacks. (Myrtaceae) ... 7

Quantitative analyses

Quantitative analysis was performed for the abaxial
face of the leaf, since this region shows structures of
interest for the statistical comparison.

Trichomes showed higher density in sun leaves in
both seasons (Figures 1E and 1G); however, no difference
was observed in the seasonal comparison. On the other
hand, the frequency of trichomes was higher in the rainy
season and in sun leaves in both seasons. Trichome scars
did not reveal statistical differences among treatments
as to their density, although there was interaction among
them. However, their frequency was significant in relation
to luminosity, being higher in sun leaves (Table 1).

Density and stomatal frequency exhibited
differences between seasons, presenting higher values in
the rainy season. However, in terms of luminosity, only
frequency showed significant change, being higher in sun
leaves. The stomatal index was higher in the rainy season
and in sun leaves. Length, width and area of stomata
presented significant differences only in luminosity, being
higher in sun leaves, with interaction occurring only
among treatments for length (Table 1).

The thickness of epidermis and adaxial cuticle
presented significant differences in luminosity, being
thicker in sun leaves, in which only epidermis presented
interaction among treatments. The cuticle also differed
statistically regarding seasonality, being thicker in the
rainy season. The epidermis and abaxial cuticle presented
differences only in luminosity, being thicker in sun leaves,
with interaction among treatments. Both epidermis and
abaxial cuticle were less thick than the adaxial face,
and were confirmed by the t-test at 1% probability level
(Table 2).

The leaf blade and leaf mesophyll showed higher
thickness in sun leaves, but did not present statistical
difference regarding seasonality; however, there was
interaction among treatments, in which thickness was
higher in the rain/sun treatment (Table 2). The palisade
parenchyma and the spongy parenchyma presented
statistical differences regarding luminosity, being thicker
in sun leaves; however, only the palisade parenchyma
showed interaction among treatments and differed
statistically regarding seasonality, being thicker in the
rainy season (Table 2).

The length and width of the central vein showed
statistical differences in relation to seasonality and
luminosity, being higher in leaves collected in the dry
season and in the sun, in both seasons (Table 2). However,
there was no interaction among treatments. The area of
the vascular bundle differed only in relation to luminosity,
being greater in sun leaves, with interaction among
treatments (Table 2). The secretory cavities present in
the central vein presented differences only regarding
luminosity and appeared in greater amounts in sun leaves
(Table 2). Druses were more abundant in leaves collected

in the dry season, both in sun and shade leaves, although
in shade leaves, the amount verified was higher in both
seasons. Interaction among treatments was also observed
(Table 2).

Petiole length differed statistically in relation to
seasonality and luminosity, which showed longer length
in the dry season and in sun leaves in both seasons, but
no interaction among treatments was observed (Table 2).
Width was influenced only by luminosity, being higher in
sun leaves and there was interaction among treatments,
with the greatest width observed in the dry/sun (Table 2).
The area of the vascular bundle differentiated in relation
to seasonality and luminosity, showing greater thickness
in the dry season and in sun leaves in both seasons, with
interaction among treatments, and the dry/sun showed
the greatest area of the vascular bundle (Table 2). The
secretory cavities found in the petiole presented larger
area and greater amount of sun leaves in the dry season
(Table 2). In relation to idioblasts containing crystals in
the petiole, greater amount was detected in the dry season
and in shade leaves in both seasons (Table 2).

Discussion

Qualitative characteristics

Eugenia luschnathiana presented features common
to Myrtaceae, such as unicellular trichomes, hyposomatic
leaf, occurrence of secretory cavities, bicolateral vascular
bundle and presence of druses (METCALFE; CHALK,
1979).

As for the coating system, some similarities can be
observed with studies carried out with other Eugenia L.
species such as presence of thick cuticle, hypoestomatic
leaf (DEFAVERI et al., 2011; DONATO; MORRETES,
2009; ESPOSITO-POLESI et al., 2011; DIAS et al.,
2012; SA et al., 2016), unicellular tectorial trichomes,
presence of trichome scars (DEFAVERI et al., 2011;
DONATO; MORRETES, 2009; ESPOSITO-POLESI et
al., 2011) and occurrence of epidermal cells of secretory
structure surrounded by cells arranged in a radiated form
(DEFAVERI etal., 2011; DONATO; MORRETES, 2009;
DIAS et al., 2012; SA et al., 2016).

The study carried out by Donato and Morretes
(2009) with E. florida DC species showed that the cells of
the epidermis presented sinuous shape, especially in sun
leaves; however, species in the present study presented
greater sinuosity in shade leaves. Walls present sinuous
shape, probably due to tensions in leaves during cell
differentiation or cuticle hardening during differentiation
(MENEZES et al., 2006).

Uniseriate epidermis was also found in other
Eugenia species (ESPOSITO-POLESI et al., 2011;
DONATO; MORRETES, 2009; DIAS et al., 2012; SA
et al.,, 2016; DEFAVERI et al., 2011). Stomata on the
same level as the other epidermal cells common in E.
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luschnathiana corroborate data found by Armstrong et
al. (2012).

Hypoestomatic leaves also appear in other Myrtaceae
(CUSTOIO et al., 2013; DONATO; MORRETES, 2011;
PACHECO-SILVA; DONATO, 2016; RETAMALES et
al., 2014; SILVA et al., 2013). This characteristic can favor
plants that live in environments with high luminosity and
periods of water deficit, enabling saving water because it
reduces transpiration rates (ESPOSITO-POLESI et al.,
2011).

Myrtaceae presents different types of stomatal
complexes, usually presenting stomatal cells at the same
level of the epidermis (GOMES et al., 2009), as observed in
this study. The species under study has paracytic stomata,
being also common in other species of the genus the
paracytic (DONATO; MORRETES, 2009), anomocytic
stomata (DEFAVERI et al., 2011) or both types mentioned
above (DIAS et al., 2012; SA et al., 2016).

Dorsiventral mesophyll with a single palisade
parenchyma layer and presence of collecting cells were
also found for E. florida DC. (DONATO; MORRETES,
2009), as well as in other Myrtaceae species (PACHECO-
SILVA; DONATO, 2016; RETAMALES et al., 2014;
SILVA et al., 2013; DONATO; MORRETES, 2011).

The spongy parenchyma shows large intercellular
spaces, vascular bundles of smaller caliber and presence
of druses, as it was detected for other species of the same
genus (DONATO; MORRETES, 2009; ESPOSITO-
POLESI et al., 2011). In this type of parenchyma, the
shape of cells favors the absorption of carbon dioxide for
photosynthesis (MENEZES et al., 2006). This parenchyma
also shows druses, which can act in the protection of foliar
tissue against herbivorous attacks, calcium regulation,
detoxification, ionic balance, support, tissue stiffness and
uniformly reflect the solar radiation among mesophyll
cells (LARCHER, 2001; FRANCESCHI; NAKATA,
2005; FERREIRA et al., 2015).

The characterization of the leaf border seen by
Donato and Morretes (2009) for E. florida species varies
from rectilinear in sun leaves to slightly flexed in shade
leaves, the opposite occurring for E. luschnathiana in
the present study, in which the leaf border varies from
rectilinear in sun and shade leaves to flexed towards the
abaxial face in sun leaves. In E. rotundifolia (Arn.) Wight,
the border region only appears flexed to the abaxial face
(DEFAVERI et al., 2011).

In a study by Cardoso et al. (2009), it was observed
that 44 Myrtaceae species presented bicolateral vascular
bundles, as verified for E. luschnathiana in the present
study. This characteristic has also been detected for other
species of the genus (DONATO; MORRETES, 2009;
DEFAVERI etal., 2011; ESPOSITO-POLESI etal., 2011,
SA etal., 2016).

The vascular bundle of the median vein when
associated with arch-shaped fibers provides greater

resistance to the structure (ESPOSITO-POLESI et
al., 2011). This characteristic is also present for other
Eugenia L. species (ESPOSITO-POLESI et al., 2011;
DONATO; MORRETES, 2009; DEFAVERI et al.,
2011). The presence of sclerenchyma facilitates the
filtering of light by increasing the light availability used
in the photosynthesis of the innermost mesophyll layers
(SIMIONI et al., 2017).

The cross-section of the medial region of the
petiole of species under study can be presented in the
plane-convex to concave-convex format, the latter being
characteristic of other species of the genus. In addition,
arch-shaped vascular bundle is common in Eugenia L.,
and margins are more convoluted than in the median vein;
present secretory cavities near the colenchymal area and
druses (DONATO; MORRETES, 2009; ESPOSITO-
POLESI et al., 2011).

Secretory cavities such as those found in the
present study had already been described for Myrtaceae
by Metcalfe and Chalk (1979). These structures may
be related to responses to the metabolism of chemicals
and interactions between plant and the environment
(RETAMALES et al., 2014).

Quantitative characteristics

The behavior of stomata is directly related to
abiotic conditions (LARCHER, 2001). These structures
vary in quantity, frequency, size, shape and distribution in
leaves, favoring the mechanisms of adaptation of plants
to these environments (SUTCLIFFE, 1980; WILLMER;
FRICKER, 1996). One of these abiotic factors that can
cause changes in stomata is the water deficit, because
with stomatal closure, it is expected that gas exchanges
carried out by plants will be affected and the organism will
have to seek survival strategies (ALMEIDA et al., 2015).
Another factor that provides different stress to leaves is
luminosity and their morphophysiological responses to
light, which vary according to type, either sun or shade
leaves (NIINEMETS, 2007).

The stomatal index is practically constant for each
species, being mainly affected by moisture (CUTTER,
1986). The highest stomatal index is advantageous in the
rainy season, as it increases the stomatal conductance,
transpiratory and photosynthetic rate (SILVA et al., 2005),
helping plants to produce substances necessary for their
survival more quickly. This factor can also vary with the
intensity of light received by the plant, being greater the
greater the luminosity received, thus helping to increase
the CO, concentration and to improve photosynthesis
(SCHOCH et al., 1980; O’CARRIGAN et al., 2014).

Stomatal density varies according to several factors,
including within the same species, being influenced by
environmental conditions, mainly by water availability and
temperature, being able to be higher at high temperatures
and water deficit conditions. In this case, high stomatal
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density can help increase control over water loss and
carbon dioxide absorption rates. On the other hand, low
stomatal density under the same conditions mentioned
above may contribute to the reduction of excessive
transpiration; therefore, leaves can also be expected
to present lower stomatal density in environments of
water scarcity and high temperature (VILE et al., 2012,
OLIVEIRA et al., 2016a), which may explain the stomatal
density of the present study in the dry season.

Plants found in the same place theoretically are
subject to the same pluviometric and edaphic conditions.
Therefore, the main abiotic determinant is light intensity
(LARCHER; BOEGER, 2009). The study by Donato
and Morretes (2009) with Eugenia species found that
the stomatal density was higher in leaves collected in the
sun. Boeger et al. (2009) found that for four species of
medicinal plants, the stomatal density was also higher in
sun leaves. However in the present study, there was no
statistical difference regarding the stomatal density in the
luminosity.

The thick cuticle on the adaxial face and trichomes
on the abaxial face may be characteristic of plants adapted
to xeric environments, since they are highly irradiated and
subject to periods of water deficit (ESPOSITO-POLESI
etal., 2011). The thick cuticle can help to avoid excessive
water loss by transpiration and also provides protection
against high luminosity, as it may reflect excess sunlight
(ESAU, 1977; MULLER; RIEDERER, 2005). In a study
with Eugenia species, Donato and Morretes (2009)
verified that the cuticle thickness was higher in leaves
collected in the sun, as occurred for the present study.

Trichomes also prevent water loss because they
reduce transpiration by reflecting excess sunlight. It
also promotes an increase in the leaf surface layer,
which can help attenuate ultraviolet solar rays, thus
protecting the leaf tissue and decreasing its temperature
(KARABOURNIOTIS; BORNMAN, 1999; EVERT,
2013). These structures can also increase the photosynthesis
efficiency, allowing a better functioning of photosystem
II and protection against herbivorous (MORALES et al.,
2002; SATO; KUDOH, 2017). The higher density and
frequency of trichomes obtained in leaves of this study
corroborates the authors mentioned above.

The leaf blade presented greater thickness in sun
leaves, corroborating the results obtained by Boeger et
al (2009). Individuals more exposed to light radiation
have thicker palisade parenchyma (AMORIM; MELO
JUNIOR, 2017). Palisade parenchyma undergoes
modification according to the luminous intensity and is
thicker as the light exposure is greater, accentuating the
photosynthetic potential of sun leaves (RABELO et al.,
2013, EVERT, 2013; TAIZ; ZEIGER, 2013). In addition,
palisade parenchyma helps to distribute light more evenly
to chloroplasts within the leaf, especially collimated light,
which naturally spreads more slowly (VOGELMANN;

MARTIN, 1993).

In the present work, the spongy parenchyma was
thicker in sun leaves; however, according to DeLucia
et al. (1996), this structure can be affected in terms of
luminosity, being thicker in shade leaves in order to
increase the internal light dispersion, thus promoting better
absorption of this light for photosynthesis.

Druses present in the spongy parenchyma may act
in the uniform reflection of sunlight among mesophyll
cells, which may explain the fact that in the present work,
shade leaves have greater number of druses (LARCHER,
2001; FRANCESCHI; NAKATA, 2005; FERREIRA et
al., 2015).

Leaf is the plant organ that is regarded as the one
that most readily responds to environmental variations
(EVERT, 2013). Abiotic conditions such as water deficit
and light intensity induce xeromorphism (AMORIM;
MELO JUNIOR, 2017). Anatomically, xeromorphic
characteristics are represented, among others, by the
increased cuticle, larger vascular area, presence of
numerous trichomes and fibers (MENEZES et al., 2006),
as occurred for the species under study.
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Table 1 - Quantitative parameters of trichomes, trichome scars and stomata of the abaxial face of the epidermis of
Eugenia luschnathiana (0.Berg) Klotzsch ex B.D.Jacks. leaves in the rainy and dry seasons, as well as in the sun
and shade.

Season
Parameter R.am - D.ry :
Luminosity Luminosity
Sun Shade Sun Shade

Trichome density 16.83 £12.56 Aa  9.00+10.70 Ab 13.83+14.54Aa 5.16+8.25Ab
Trichome frequency 0.08 £0.06 Aa 0.04 = 0.04 Ab 0.05+0.06 Ba 0.02 +0.03 Bb
Trichome scar density* 18.16+9.51 Aa  12.50+5.04 Aa 12.66+7.62Aa 14.67+5.56Aa
Trichome scar frequency 0.09 £ 0.05 Aa 0.06 £0.01 Ab 0.07 £0.06 Aa 0.06 £ 0.03 Ab
Stomatal density 3463 +894Aa 33.63+7.84Aa 31.50+862Ba 28.00+8.05Ba
Stomatal frequency 0.16 £0.05 Aa 0.15+0.03 Ab 0.14+0.03 Ba 0.12+0.02 Bb
Stomatal index 1511+3.09Aa 12.95+2.03Ab 10.93+3.60Ba 10.72+1.92 Bb
Stomatal length* (pum) 23.64+1.83Aa 2222+4883Ab 2536+5.01lAa 20.69+2.61 Ab

Stomatal width (um) 18.45+195Aa 1843+ 1.83Ab 2221+292Aa 15.19+1.18 Ab
Stomatal area (pum?) 76.87+4.65Aa 7036+ 10.98Ab 76.74+14.08 Aa 71.67 +£4.43 Ab

"Means followed by the same capital letter in seasons and lowercase in luminosities do not differ statistically from each other by the Tukey test
at 5% probability level. Asterisk indicates that there is interaction between seasons and luminosities.

Table 2 - Quantitative parameters of cross-sections of Eugenia luschnathiana (O.Berg) Klotzsch ex B.D.Jacks leaves
in rainy and dry seasons, as well as in the sun and shade.

Season

Rain Dry

Parameters . .
Luminosity Luminosity

Sun Shade Sun Shade
30478 £+ 61.52 Aa 23042+ 698 Ab 279.94 +31.286 Aa 258.88 + 17.38 Ab
240.60 +45.43 Aa 182.88 +15.7292 Ab 216.08 +28.55 Aa 187.19+17.22 Ab

Leaf blade* (um)
Mesophyll* (pum)

Adaxial cuticle (um)

Abaxial cuticle* (um)

Adaxial epidermis* (pm)
Epidermal abaxial* (um)
Palisade parenchyma* (um)
Spongy parenchyma (um)
Length of the central vein (pm)
Width of the central vein (pum)

21.50+2.28 Aa
11.80 £4.33 Aa
41.08 £13.99 Aa
22.76 +6.39 Aa
54.67 +7.56 Aa
158.06 £19.39 Aa
803.21 + 116.08 Aa

920.35+155.97 Aa

Area of the central vein vascular bundle* (um?) 1977.1 +474.1 Aa

Amount of druses in the central vein*

Amount of secretory cavities in the central vein
Length of the petiole (um)

Width of the petiole® (um)

Area of the petiole vascular bundle* (um?)
Amount of druses on the petiole

1.33+2.15Aa

1.90 + 1.09 Aa
1487.2 £210.6 Aa
1742.8 £261.5 Aa
2685.7 £465.3 Aa
27.93 +16.06 Aa

7.93 +£2.83 Aa

17.57+1.71 Ab
9.14+0.89 Ab
30.24+2.11 Ab
16.02 £ 1.10 Ab
31.35+4.65 Ab
156.85 £ 15.34 Ab
579.39 +£45.37 Ab
762.60 +56.30 Ab
1468.9 +£244.9 Ab
1.87+1.38 Ab
0.93+0.83 Ab
1133.6 £ 119.4 Ab
1416.8 £45.6 Ab
1961.5 +£230.9 Ab
43.17 £ 14.56 Ab
8.13+1.55Ab

20.83 + 1.89 Ba
10.24 +2.35 Aa
38.13+2.68 Aa
18.59 + 1.77 Aa
37.63+3.51 Ba
170.18 £26.89 Aa
865.42+73.77 Ba
971.80+83.61 Ba
2249.9 +£392.5 Aa
593+ 6.68 Ba
1.70 + 1.37 Aa
1597.3 £72.8 Ba
1814.3 £149.1 Aa
27447 +£153.3 Ba
57.00 +23.58 Ba
10.10 £ 3.45 Aa

16.60 + 1.53 Bb
9.87 +0.95 Ab
34.67 £3.69 Ab
16.26 +2.75 Ab
27.99 £6.07 Bb
155.78 £ 15.73 Ab
621.08 + 64.89 Bb
692.56 £ 97.69 Bb
1389.8 £314.1 Ab
15.00 + 5.54 Bb
0.93 +0.94 Ab
1372.7+108.6 Bb
1279.8 £ 105.9 Ab
1934.2 £419.1 Bb
74.87 +30.87 Bb
6.10+2.51 Ab

Amount of secretory cavities in the petiole*

Area of the petiole secretory cavities (um?) 519.73 £78.66 Aa 361.55+4223 Ab 568.59 +59.43 Ba 422.73 +25.67 Bb

"Means followed by the same capital letter in seasons and lowercase in luminosities do not differ statistically from each other by the Tukey test
at 5% probability level. Asterisk indicates that there is interaction between seasons and luminosities.
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Conclusions

Eugenia luschnathiana has anatomical plasticity,
as it has photoaclimative capacity and responds well to
seasonal variations of water availability in the Restinga
region of Ceara.

Thick cuticle, hypoestomatic leaf, presence of
numerous trichomes on the abaxial face and fibers in the
vascular bundles are the characteristics that have been
shown to be plastic to allow the acclimatization of plants
to environment with intense luminosity and periods of
water deficit.
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