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Morphoanatomy, floral biology and reproductive phenology
of Cambui (Myrciaria floribunda (H. West ex willd.) O. Berg.)

José Dailson Silva de Oliveira', Eurico Eduardo Pinto de Lemos?, Leila de Paula Rezende?,
Everton Ferreira dos Santos®*, Ricardo Barros Silva’, Cibele Merched Gallo®

Abstract - Myrciaria floribunda is a species native to the restinga areas of the Atlantic Forest that
presents great phenotypic variation in fruits, great socioeconomic importance in regions of natural
occurrence and high productive potential. The characterization of heterogeneous populations
is crucial for plant selection and breeding programs, since it allows the distinction of superior
individuals. The aim of this study was to characterize the reproductive structure of M. floribunda
accessions, and to observe the influence of climate and environment on its reproductive process,
through floral biology, floral morphoanatomy and reproductive phenology. Apis mellifera and Trigona
spinipes are the main floral visitors of cambui. Stigma receptivity lasts up to 5 hours after flower
opening and pollen viability was above 90%. Regarding the flower structure, the female sexual
organ is monocarpic, the ovary is efferent, bilocular, with two ovules per locule, the inflorescence
is fascicle-like and consists of small white flowers, actinomorph symmetry, heteroclamid and
monoclines. Plants bloomed irregularly throughout the year, concentrating flowering in two periods
of the year with the greatest peaks in March and August, while the greatest fruiting peaks were
observed in April and September.

Index Terms: inflorescence, fruiting, pollinators.

Morfoanatomia, biologia floral e fenologia reprodutiva do Cambui
(Myrciaria floribunda (H. West ex Willd.) O. Berg.)

Resumo - A Myrciaria floribunda ¢ uma espécie nativa das areas de restinga da mata atlantica
que apresenta grande variagdo fenotipica nos frutos, possui grande importancia socioeconémica
nas regides de ocorréncia natural e alto potencial produtivo. A caracterizagdo de populagdes
heterogéneas ¢ determinante para um programa de selecdo e de melhoramento de plantas, pois
permite a distingdo de individuos superiores. O objetivo deste estudo foi caracterizar a estrutura
reprodutiva de acessos de M. floribunda e observar a influéncia das condi¢des climaticas e do
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Introduction

The inclusion of native species in production
systems is a preservation strategy that generates economic
returns and ensures plant biodiversity conservation
(LAMARCA et al., 2020; GROPPO et al., 2019). But
to ensure the insertion of species in production chains,
it is essential to develop works aimed at generating
information on the floral biology and the reproductive
system of these species (GONCALVEZ; VERCOZA,
2017; TRAMONTIN et al., 2019).

Knowledge about the reproductive system of
plants is especially essential for native species in the
process of domestication and aimed at breeding, genetic
conservation, seed production and adequate management,
important to estimate the mode of transmission of genes
from one generation to another (SOBIERAJSKI et al.,
2007; GUSSON et al., 2006). This knowledge provides
understanding about the interaction between plant and
environment, identifying the best period for seed dispersal,
phylogenetic relationships and greater availability of
pollinators, allowing them to predict their reproduction
periods, thus establishing sustainable use strategies and
monitoring the impacts of exploration for the collection
of fruits and for the species perpetuation (FERREIRA;
CONSOLARO, 2013; FREITAS et al., 2013).

Myrciaria floribunda is a species native to the
restinga areas of the Atlantic Forest that presents great
phenotypic variation, great socioeconomic importance in
regions of natural occurrence and high productive potential
(DOS SANTOS, et al., 2017). The characterization of
heterogeneous populations is crucial for a plant selection
and breeding program, as it allows the distinction of
superior individuals that can be directly released as
cultivars or used as mother plants and gene source (KARIA
et al., 2002).

The occurrence of ecological events associated with
flowering and fruiting are possible due to the diversity
of floral visitors and dispersing agents that are part of an
organized morphophysiological and population system,
and this relationship between flowers and pollinators is
commonly pointed out as a result of interactions where
flower structures facilitate the transport of pollen and
interfere with the behavior of the insect vector to enable
pollination (CASTRO etal., 2020; FAEGRI; PIJL, 2013).

In addition to understanding pollinators and
dispersers, it is important to know the times of occurrence
of these flowering and fruiting events through phenological
studies, which are used to establish relationships between
plant behavior and certain environmental conditions,
in addition to being fundamental for crop planning and
planting (FALCAO et al., 2003; ROS, et al., 2011).

The aim of this study was to characterize the
reproductive structure of Myrciaria floribunda (H. West ex
Willd.) O. Berg. accessions, and to observe the influence of

climatic and environmental conditions on its reproductive
process.

Methodology

This work was carried out in the active germplasm
bank of cambui (BAG-cambui) of the Campus of
Engineering and Agricultural Sciences, Federal University
of Alagoas (CECA/UFAL). To study the floral biology
of Myrciaria floribunda, events such as anthesis, stigma
receptivity, pollen grain viability and main floral visitors
were observed. For the anthesis determination, the
methodology described by Silva and Pinheiro (2007) was
used, where flower structures were observed for 5 days,
checking the opening times of flower buds and floral
longevity. For this, 3 inflorescences of each accession were
marked in 145 adult BAG-cambui accessions.

For stigma receptivity, 3% hydrogen peroxide
solution (H,0,) was used (VOGEL, 1983); since H,O,
indicates the presence of the peroxidase enzyme through
the formation of bubbles, indicating that the stigma was
receptive. For pollen grain viability, anthers were sprayed
on a slide and 100 pollen grains were randomly separated,
which were stained with 2% acetic orcein, which stains
the cell protoplasm in pollen grains, indicating viability
(RADFORD, 1986). Slides were evaluated under optical
microscope at 40x magnification (HISTER; TEDESCO,
2016).

The behavior of floral visitors was visually
observed to determine the moment of occurrence of the
highest visitation peak and some insects were captured
with an entomological net to identify the species.

For the anatomical study of flowers, flower buds
were collected from emergence to anthesis, dehydrated
and embedded in paraffin to perform histological sections
in rotary microtome, and slides with cross-sectional and
longitudinal sections were stained with safranin and
Erlich’s hematoxylin, according to methodology described
by Johansen (1940).

For the morphoanatomy analysis in scanning
electronic microscopy (SEM), flower structure samples
were separated and sections were manually performed,
then metallized in gold evaporator (Quorum Technologies
LTD, Ashford model Q 15 OR) for 10 minutes and finally
taken to SEM (SILVA et al., 2018). Scanning electron
photomicrographs were obtained using Shimadzu VEGA
3 LM-type coupled camera. In SEM, length and width
measurements of flower structures were obtained.

For the phenology study, 145 9-year-old adult
plants from BAG-cambui CECA/UFAL were selected and
weekly evaluated to verify the occurrence of flowering
and fruiting events. Data obtained were compared to
meteorological records using the method described by
Fournier (1975), where the intensity of each phenophase
is estimated using an interval scale with five categories,
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Morphoanatomy, floral biology and reproductive phenology of Cambui (Myrciaria floribunda (H. West ex willd.) O. Berg.) 3

ranging from O to 4 with interval of 25% between each
interval, where: 0 —absence of phenophase; 1 = presence
of phenophase with magnitude between 1% and 25%; 2
= presence of phenophase with magnitude between 26%
and 50%; 3 = presence of phenophase with magnitude
between 51% and 75%; and 4 = presence of phenophase
with magnitude between 76% and 100%.

Where:

) > Fournier
Fournier intensity percentage = ——— x 100
4N

N = Total number of plant populations.

Results and discussion

The flowering period of any plant species is
marked by the presence of insects that are attracted by
plants to facilitate or promote sexual reproduction. In
cambui (M. floribunda), pollinating insects are not the
only vectors responsible for the transfer of pollen from
anthers to the stigma; however, they are responsible
for the considerable increase in pollination efficiency.
Anemophilia in Myrciaria floribunda results in low and
uneven production.

g

Apis mellifera and Trigona spinipes (Figures
1A and 1B) are the main floral visitors of cambui, and
the highest visitation peak is verified between 05:00 and
07:30 am. However, some insects of the same species
remain until 11:00 am. The short visiting time of insects
during the flowering season of M. floribunda is due to the
availability of pollen of the species. This phenomenon is
also common in other species of the same family, such
as Campomanesia adamantium (CAMBESS.) O. Berg
(NUCCI; ALVES-JUNIOR, 2017). Pires and Souza (2011)
evaluated the morphoanatomy and floral biology aspects
of the species Myrcia laruotteana Cambesse (Myrtaceae)
and Maués and Couturier (2002) studied the floral biology
of Myrciaria dubia (HBK) McVaugh, and observed that
these bees are also the main visiting insects, attracted by
the sweet scent of flowers, in addition to being effective
pollinators of Myrtaceae species.

Figure 1. Apis mellifera and Trigona spinipes visiting Myrciaria floribunda (H. West ex Willd.) O. Berg. flowers.

Myrciaria floribunda has inflorescence (Figure
2A) of fascicle type (corymbia species) consisting of
small hermaphrodite flowers (Figure 2B) of white color,
with very short peduncles and with average of 15 flowers
per bunch. Flowers are usually found in aphyllous
nodes or in leaf axillae, have actinomorphic symmetry,

heterochlamydum and monoclines, with four petals and
four sepals that alternate with whitish coloration, anthers
with four sporangia with long fillets. Caldas et al. (2020)
reported that tree or shrub species belonging to the
genus Myrciaria present inflorescences in leafy nodes, in
glomeruli; persistent bracts and prophile.
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Figure 2. Myrciaria floribunda flower buds and flowers. A) Inflorescence with flowers in anthesis; B) open flower;

and C) different flower bud development stages.

The development of flower buds (Figure 2C) from
emergence to pre-anthesis takes an average period of 33
days and is marked by accelerated growth and mass gain,
with pre-anthesis buds reaching more than three times
the initial size of the flower bud, reaching average size
of 3.0 x 3.0 mm, unlike other Myrtaceae that have larger
flower buds, such as Eugenia rugosissima (6-7 x 4 mm)
and Myrcia isaianae (8-11 x 7-8 mm) (SOBRAL, 2006).

The successful pollination of the species may
be intrinsically related to the reduced flower size, since
visiting insects exhibit certain preferences for some floral
attributes during the process of selection and recognition
of plant species, and flower size directly implies the
perception by the insect from touch, especially Apis
mellifera bees that discriminate rewards found in flowers
through tactile stimuli (SCHEINER, et al., 2005; MELO,
et al., 2018).

Anthesis flowers, that is, flowers opened as a
result of the maturing of sexual organs and beginning of
the reproductive cycle, present a numerous amount of
stamens and a very great visual highlight on the species.
According to Barroso (2004), Myrtaceae flowers that
occur in Brazil are hermaphrodites, normally white in
color with numerous stamens and inferior ovary.

The average diameter of the M. floribunda
flower (Table 1) found in this work was 3.642 mm,
being considered small when compared to most species
belonging to the same family, in which diameter smaller
than 15.0 mm is considered small and large when greater
than 20.0 mm (GRESSLER, et al., 20006). The fillet size
stands out, which is the largest structure of the cambui
flower, with average size of 4.37 mm.

Table 1 - Average size of cambui flower structures (Myrciaria floribunda). SE - standard error; CV - Coefficient of

variation.

Structure Mean (mm) + SE CV (%)
Flower diameter 3.642+ 0.245 6.73
Stigma diameter 0.264+0.017 6.48
Ovary diameter 0.740+ 0.039 5.25
Pollen grain diameter 0.011+0.001 12.19
Petal diameter 2.080+ 0.230 11.05
Sepal diameter 1.627£0.192 11.78
Fillet length 4377+ 0.173 3.96
Stylet length 2.442+ 0.099 4.07
Number of stamens per flower 57£2.173 3.81
N=10
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Morphoanatomy, floral biology and reproductive phenology of Cambui (Myrciaria floribunda (H. West ex willd.) O. Berg.) 5

The average diameter of the pollen grain observed
in cambui flowers was 11 um, characterizing it as small
when compared to other species of the same family, such
as Syzygium jambos, which pollen grain has average
diameter of 16.10 pm, but similar to the mean diameter
observed in the pollen grain of Syzygium malaccense,
which is 12.40 pm, values verified by Nacata et al. (2019),
who studied pollen morphology and pollen and stigma
availability in Syzygium. Hister and Tedesco (2016)
found pollen grains ranging from 5 pm to 10 um in araga
(Psidium cattleianum Sabine). De Franca and Santos
(2018) reported the importance of pollen grain size in
pollination effectiveness, a characteristic directly related
to dispersion, in which small pollen grains such as those
of M. floribunda are easier to be transported by insects
and are available in larger amounts for collection.

o A .

Figure 3. Myrciaria floribunda flower bud in A) optical microsco

The pre-anthesis flower bud (figure 3A) observed
using optical microscope shows the sexual structures of
the Myrciaria floribunda flower, which has monocarpic
female sexual organ, that is, with only one carpel, which
is a structure composed of stylet, stigma and ovary. The
ovary is classified as inferior, as it is located within the
protective structure, which is the floral receptacle, below
floral whorls formed by the calyx and corolla, being
bilocular, which in other terms indicates that it has two
chambers and two ovules per locule. Thus, it is possible
to find fruits with up to four seeds, usually one more
developed seed and three smaller seeds. However, it is
more common to find fruits with one or two seeds. Pires
and Souza (2011) evaluated the morphoanatomy and
aspects of the floral biology of two Myrtaceae species and
observed that the ovary of the two species is inferior, and
that in Myrcia laruotteana Cambesse, it is bilocular, and
in Myrcia guianensis (Aubletet) A.P. de Candolle, unlike
M. floribunda, the ovary is trilocular.

Wl N
A ®,

pe nd B), ), ) in Scanning Microscopy. ovr —

ovary; eg — egg; es — stigma; an - anther; fl — fillet; pe — petal; se — sepal; gc — conspicuous glands; po — pollen.
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In figure 3B, the pre-anthesis flower bud is observed
with the aid of scanning microscopy (SEM). It is possible
to observe in detail the carpel and the anther, with
glabrous stylet and the lower region of the pistil below
an extended hypanthium. Anthers are characterized by
having four sporangia and well-elongated fillets. Flowers
have conspicuous glands (Fig. 3C) both in the calyx and in
the corolla, occurring numerously on the edges of petals,
which seem to have the function of secondary attractors
for pollinators.

The pollen grain of M. floribunda, shown in 3D
figure, assumes a triangular shape, a striking characteristic
of the monophyletic group of Eudicotyledons that
differentiate them from basal angiosperms, with these
three openings or furrows, being, therefore, called
triaperturate grains. Hister and Tedesco (2016) in a study
on the estimation of pollen viability of araca (Psidium
cattleianum Sabine) observed that the pollen grains of
this species can have three different shapes: rounded,
oval or triangular; however, only grains with triangular
shape presented greater feasibility. Regarding the cambui
pollen grain viability, it was verified that more than 90%
of grains are viable, results similar to those found by Pires
and Souza (2011) in Myrcia guianensis (Aubletet) A. P.
de Candolle.

Regarding stigma receptivity, it was observed
that it lasts for a period of up to 5 hours after flower
opening, determining the beginning of anthesis. However,
pollination usually occurs in the first two hours of flower
opening due to the presence of large numbers of pollinating
bees. Maués and Couturier (2002) observed that the
stigma of Myrciaria dubia (H.B.K.) McVaugh flowers
also remained receptive for a period of up to 5 hours. In
Myrcia guianensis (Aubletet) A.P. de Candolle and Myrcia
laruotteana Cambesse, it was also observed that stigma
receptivity lasts one morning (PIRES; SOUZA, 2011).

Mpyrciaria floribunda can show up to two flowering
peaks during a one-year period (Figure 4). In this research,
the reproductive cycle was evaluated between July 2019
and June 2020. Plants showed flowering peak between
July and September 2019, reaching in August, 61.27%
of flowering individuals and Fournier intensity of 33.0%.
However, this peak was followed by a sharp drop in the
following months, between October and December also
in the year 2019, which together with January 2020 were
the driest months of the evaluation period, with the lowest
rainfall record, not exceeding 27.2 mm monthly, registered
in December.
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Figure 4. Phenological behavior of Myrciaria floribunda accessions native to the Northeastern region for the flowering
phenophase (N=145), according to two data analysis methods: percentage of individuals and Fournier intensity for

cambui flowering.

Due to climatic conditions, plants reached, in
March 2020, the highest flowering peak recorded in a
period of one year, with 77.24% of flowering individuals
and Fournier intensity of 46.0%. Castro et al. (2020),
Nucci and Alves-Junior (2017) and Souza et al., (2007)
observed that Fugenia sellowiana DC., Campomanesia
adamantium (CAMBESS.) O. BERG and Calyptranthes
concinna DC. showed only one flowering peak during a
one-year period.

Lemos et al. (2018) reported that the flowering
of cambui in dry seasons promotes higher setting and
production, while in rainy seasons, the higher floral
abortion rate significantly impacts fruit production,
unlike results obtained in this study, when seasons with
higher rainfall index promoted greater production (Figure
6). However, fruit set effectiveness between the two
seasons was not possible to observe, since the flowering
and fruiting indices were not significant during the low
rainfall period.
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Staggemeier et al. (2007) in a study carried out with
29 Myrtaceae species in the state of Sao Paulo, observed
that flowering occurred during most of the year, except for
the months of July and August, when none of the species
had flower buds and flowers. It was also observed that
the highest flowering peak occurred in January, reaching
37.9% of plants. The same authors also reported that there
is a slightly seasonal pattern in the flowering season, but
however, it occurred predominantly in the hot and rainy
season.

Figure 6 shows the phenological data referring
to cambui fruiting, which lasts on average 41 days from
anthesis to full fruit maturation (figure 5). This time is
similar to that observed in Eugenia involucrata, which
has maturation recorded in 43 days after anthesis (DAA),
and much earlier when compared to araga, with fruit
maturation occurring at 98 DAA (DANNER et al., 2010).

It is possible to observe (Figures 4 and 6) that
the growing period of cambui is restricted to the time
of greatest water restriction, which may indicate
physiological rest for energy accumulation or water stress
suffered by the species, indicating that the crop responds
to abiotic stimuli to start its reproductive cycle.

41 DAA
Figure 5. Reproductive phenophases of Myrciaria floribunda accessions native to the Northeastern region. DAA —
Days after anthesis.
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Figure 6. Phenological behavior of Myrciaria floribunda accessions native to the Northeastern region for the fruiting
phenophase (N=145), according to two data analysis methods: percentage of individuals and Fournier intensity for

cambui flowering.

Cambui accessions presented two fruiting peaks
in a one-year period. The highest production peak was
registered in April 2020, with more than 67% of fruiting
individuals and Fournier intensity of 52.07%. This month
also presented the highest rainfall peak (364 mm). Both
flowering and fruiting peaks followed rainfall peaks.

Staggemeier et al. (2007) observed that the
highest fruiting peak was also observed in April for the
29 Myrtaceae species under study, and the reproductive
phenophase of Psidium cattleianum Sabine, Myrceugenia
myrcioides (Cambess.) O. Berg and Gomidesia schaueriana
O. Berg also persisted for most of the year.

Conclusions

Myrciaria floribunda flower structures observed in
a morphoanatomical study showed remarkable aspects of
the Myrtaceae family, being heterochlamyd, monoclines
with monocarpic female sexual organ, glabrous stylet and
numerous stamens, in addition to important aspects for
the reproduction of the species, such as easy pollen grain
transport due to its small size.

Climatic conditions are determinant for the
reproductive cycle of the species, which has flowering and
fruiting induced by rainfall and physiological rest during
the period of lower rainfall.

The greatest ecological interaction of Myrciaria
floribunda flowers occurred with Apis mellifera and
Trigona spinipes bees, which are the main insects
responsible for pollination.
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