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Abstract- Campomanesia adamantium is a fruit tree native to Cerrado and important for human
consumption as food, herbal medicine and even in the beverage industry. The aim of this study
was to evaluate the vegetative and reproductive phenology of C. adamantium plants in the region
of Ipameri-GO, the synchronization of phenophases and the correlation with climatic data.
Rainfall, relative humidity, average, maximum and minimum temperature, as well as sprouting,
flowering and fruiting data of C. adamantium plants were collected between September and
December of 2016 and 2017. Graphs were plotted for climatological data and phenological phases.
Phenophase synchrony analysis and correlation of these phases with the climate of the region were
performed. Sprouting and flowering began before the first rains of the rainy season and the peak
of these phenophases occurred in October. Fruiting began in October and peak was observed in
November. Sprouting is highly synchronous from the second ten days of October and flowering
reveals high synchronicity between the second half of October and the first half of November.
Fruiting is considered highly synchronous from the second half of November. Not all plants reach
reproductive stages. Sprouting and fruiting are related to the occurrence of rainfall and increase
of air RH. Flowering has no correlation with rainfall, air RH and temperature.

Index terms: flowering, fructification, gabiroba, phenophases, rainfall, relative humidity, savannah,
sprouting, temperature.

Fenologia de Campomanesia adamantium (Cambess.)

Corresponding author:
erica.leao@ifgoiano.edu.br

Received: September 28, 2018
Accepted: February 12, 2018

Copyright: All the contents of this
journal, except where otherwise
noted, is licensed under a Creative
Commons Attribution License.

(co) T

O. Berg no Cerrado Brasileiro

Resumo- Campomanesia adamantium ¢ uma espécie frutifera nativa do Cerrado, importante pelo
uso na alimentag¢@o humana, como fitoterapico e até mesmo na industria de bebidas. O objetivo
deste estudo foi avaliar a fenologia vegetativa e reprodutiva de plantas de C. adamantium na regiao
de Ipameri-GO, a sincronia das fenofases ¢ a correlagdo com dados climaticos. Foram coletados
dados de precipitacao, umidade relativa do ar, temperatura, bem como dados de brotacdo, floragao
e frutificacdo de plantas de C. adamantium, entre setembro e dezembro de 2016 e 2017. Foram
elaborados graficos para os dados climatologicos e fases fenologicas, foi realizada analise de
sincronia para as fenofases e analise de correlagao destas fases ¢ o clima da regido. A brotagdo ¢ o
florescimento iniciaram-se antes das primeiras chuvas, e o pico destas fenofases ocorreu em outubro.
A frutificagdo teve inicio em outubro, € 0 pico, em novembro. A brotagdo ¢ altamente sincronica
a partir da segunda dezena de outubro, e o florescimento revela alta sincronia entre a segunda
quinzena de outubro ¢ a primeira de novembro. Para frutificag@o, a sincronia é considerada alta a
partir da segunda quinzena de novembro. Nem todas as plantas atingem estagios reprodutivos. A
brotacao e a frutificacdo estdo relacionadas as chuvas e ao aumento da UR do ar. O florescimento
ndo tem relagdo com precipitacdo, UR do ar e temperatura do ambiente.

Termos para indexacgao: brotagao, fenofases, florescimento, frutificacao, gabiroba, precipitacao,
savana, temperatura, umidade relativa do ar.
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Introduction

Campomanesia adamantium, known as gabiroba,
belongs to the Myrtaceae family and presents natural
distribution in several regions of the Brazilian Cerrado
(LANDRUM, 1986). Fresh fruits are widely consumed
by populations of regions where fruit occurs, being
also used to make sweets, jellies and ice creams. Fruits
distinguished by the characteristic flavor and because they
are sources of mineral elements and energy (VALLILO et
al., 2006). Leaves and fruits are used in phytotherapeutic
medicine for urinary tract, flu symptoms treatment and
recomposition of intestinal flora (LORENZI et al., 2006).
In addition, leaves have high concentrations of phenolic
compounds, which are related to antioxidant activity
(COUTINHO et al., 2008).

The current use of this species is limited to the
extractive activity of places of its occurrence (ARAUJO
and SOUZA, 2018), and the development of tools for
management and conservation depends on knowledge
about plant phenology (FREITAS and OLIVEIRA, 2002).
The phenology study helps to understand the vegetative
and reproductive patterns of plants, evaluating the
occurrence of phases over time (MORELLATO, 1995).
The phenological phases of plant species have causes of
occurrence related to biotic and abiotic forces (BRITO
NETO et al., 2018).

In tropical areas, there is marked seasonality in
rainfall, which determines plant phenology, interfering
with growth and reproduction (MORELLATO et al.,
1989). The need for water is indisputable for the good
development of plants. In this way, the presence of this
abiotic factor can determine the occurrence of vegetative
and / or reproductive phases.

Other factors such as photoperiod and temperature
also determine the phases of plant development
(MORELLATO et al., 2000; MARQUES et al., 2004).
According to Medeiros et al. (2005), air temperature
promotes direct and significant effects on physiological
processes in plants, making knowledge of these
interferences fundamental for agricultural planning
and analysis of crop adaptation to different regions. In
addition, air relative humidity, parameter intrinsically
linked to rainfall and temperature, may also contribute to
the occurrence of phenological events.

Thus, the aim of this study was to evaluate the
vegetative and reproductive phenology of Campomanesia
adamantium plants in the region of Ipameri-GO, the
synchronization of phenophases and the correlation with
climatic data.

Material and methods

Study area characterization - The experimental
area is located in the municipality of Ipameri, Goias,
Brazil, whose geographic coordinates are 17°43°34” S and
48°09°23” W. The altitude is 820 m a.s.l. and the climate
of the region is classified as Cwa - Wet Mesothermal,
with average annual rainfall of 1,490 mm and average
annual temperature of 25°C. The area corresponds to a
collection of Cerrado Native Plants maintained by the
State University of Goias, [pameri campus. It covers more
than 10 native Cerrado shrub and tree species, totaling
approximately 1,600 plants. There are over 1,000 plants
of Campomanesia adamantium species, whose original
materials were collected from five municipalities in the
state of Goias: Anapolis, Gameleira, Cidade de Goias,
Ipameri and Silvania. Plants had, in 2016, the occasion
of the beginning of experiments, 13 years from the
transplantation of seedlings, spaced 1.0 m between plants
and 1.5 m between rows and the height of plants ranged
from 0.4 to 1.8 m.

Data acquisition - Climatic data were obtained at
the Meteorological Station of Ipameri, National Institute of
Meteorology (INMET), located at coordinates 17°71°66”
S and 48°16°66”W and 772 m a.s.l. Rainfall (mm),
maximum, minimum and average temperature (°C) and
air relative humidity (air RH in %) data were collected
between September and December of 2016 and 2017.

For data collection of phenological events, 360
plants were selected in the year 2016 (Year I) and 180 in
the year 2017 (Year II). The number of plants was reduced
due to the homogeneity of occurrence of events among
plants in Year 1. These plants were identified according
to the order of appearance in the experimental area.
Phenological phases were evaluated every three days from
September 1 to December 31 of each year.

The following phenological events were observed i.
budding: from the appearance of small leaves in branches
until they reach the size and coloration characteristic of the
species; ii. flowering: plant with flower buds or anthesis;
iii. fruiting: when it was possible to visualize fruits with
at least 3 mm in diameter after the fertilization of flowers
until seed dispersal (BRITO NETO et al., 2018).

For sprouting and flowering, methodology
described by Ribeiro and Castro (1986) was used, in
which scores are assigned for events according to class
intervals, 0 being the absence of the phenomenon; 1 when
approximately 4% of the plant presents the phenomenon; 2
to 15%; 3 to 30%; 4 to 50%; 5 to 70%:; 6 to 85%; 7 to 96%
and 8 when 100% of the plant presents the phenomenon.
These percentages were visually estimated based on the
period of maximum activity of phenophases, previously
observed in the year 2015. For fruiting, the amount of
fruits produced per plant was recorded. The average
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sprouting and flowering scores and the number of fruits
per plant at each period were calculated.

Data analysis and presentation - Graphs for
climatological data were plotted during the months of
September and December, as well as graphs with sprouting
flowering and fruiting phases in the same period for Years
Iand II.

Phenophase synchrony analysis was performed,
and the synchrony index evaluates the presence or absence
of the phenological phase in the individual. This index has
quantitative character at population level and indicates
the percentage of individuals that is manifesting each
phenological phase. Asynchronous (when less than 20%
of individuals were in the phenophase), low synchrony
(when 20 to 60% of individuals were in the phenophase)
and high synchrony (when more than 60% of individuals
were in the phenophase) were considered (MORELLATO
et al., 1990; BRITO NETO et al., 2018).

Data were tested for normality by the Shapiro-
Wilk test at 5% significance. As data did not present
normal distribution, that is, data presented non-parametric
nature, the Spearman’s simple correlation test (r)) was
used to verify the relationship between climatic data and
sprouting, flowering and fruiting phases. For correlation
analysis, rainfall data used were the sum of the last
three days, since phenology evaluation was performed
every three days. To obtain average temperature and air
relative humidity data, the average of the last three days
was used. The analysis of r, was performed according to
recommendation of Brito Neto et al. (2018): if | r, | <0.20,
then the correlation is negligible; 0.20 <| r_ | <0.40, the
correlation is weak; if 0.40 <[ r_| <0.60, the correlation is
moderate; if 0.60 <| r_ | <0.80, there is strong correlation;
and if | rs | > 0.80, the correlation among variables is very
strong.

For correlation results above 50%, i.e., moderate,
strong or very strong correlation, graphs were plotted to
illustrate the relationship among data.

Results and discussion

Year I —2016 - The climatological data of the first
year of experiment showed the onset of rains, with volume
of 11 mm, on September 20 (Figure 1). From this date
on, new rainfall was only observed on October 3. There
is a reduction in maximum and minimum temperatures
shortly after rainfall.

Air RH is calculated by the ratio between the
water vapor content in the current condition and the
water vapor content in the saturation condition for a
given temperature. Thus, air RH is related to rainfall and
temperature; thus, an increase in air RH was observed
from the first rains (Figure 2). This is clearer when the

occurrence of rainfall is higher, as in the period between
the month of November and the first half of December.
In this period, high air RH and reduction of the average
temperatures could be observed.

The first Campomanesia adamantium leaves were
observed on September 18 (Figure 3), shortly before the
first rainfall of the season, but an increase in air RH was
already observed (Figures 1 and 2). Sprouting increased
significantly and peaked in the month of October. For
Eugenia dysenterica, another species native to the
Brazilian Cerrado, the peak of emission of new leaves
was observed in September and October (SOUZA et al.,
2008). From the beginning of November, there was a small
increase in the emission of new leaves until November
29, when there was no further emission of new shoots.

Flowers were observed from September 18 to
November 17, a transition period between dry and rainy
seasons (Figure 3), which according to Rossato and Franco
(2008), are well-defined seasons in this region. These data
agree with those obtained by Luz and Krupek (2014), who
studied the phenology of Campomanesia xanthocarpa
and observed that flowering occurs from September to
November. Studies with Myrtaceae have shown that this
is a trend in the genus: predominant flowering in the
transition between dry and rainy seasons (LUGHADHA
and PROENCA, 1996; SILVA and PINHEIRO, 2007;
NUCCI and ALVES-JUNIOR, 2017).

Flowering occurring at this time may be related
to the increase of photoperiod, average temperature and
air RH, characteristics of this transition period. The main
benefits of flowering under these conditions are increased
light availability, nutrient availability, and activity of
pollinators (MORELLATO et al., 1989; MORELLATO
and LEITAO-FILHO, 1992).

Fruits were already observed on October 8, but the
peak of the fruiting phase was in November (Figure 3).
After 20 days of the appearance of the first flowers, it was
possible to identify fruits in Campomanesia adamantium
plants. Nucci and Alves-Junior (2017) also reported peak
fruiting in November for C. adamantium in the state of
Mato Grosso do Sul.

Year II — 2017 - In the second year of experiment,
the first rain of the rainy season occurred late when
compared to 2016, 5 mm on the last day of September
(Figure 4). The next three days, already in the month
of October, were marked by rainfalls that summed up
50 mm, followed by a period without rainfall. Rainfall
resumption and the regularization of the rainy season only
occurred on October 28. The month of October, practically
without rain, was marked by high maximum and minimum
temperatures in comparison with the other months.

It was possible to observe increase in air RH and
reduction in average temperature after the first rains
that occur in late September and early October and also
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from November to the end of the study period (Figure
5). October was marked by low air RH and high average
temperatures.

As in Year I, the first sprouts and flowers occurred
before the beginning of the occurrence of rains, but in
a period in which increase in air RH and reduction in
average temperature were observed on September 26
in Year II (Figure 6). Shoot emission increased until
the first half of November, when there was stabilization
for this phenophase, indicating that there were no new
shoots and leaves emitted from this moment. In a study
with Campomanesia adamantium, the first sprouts also
occurred in period coinciding with the first rains (NUCCI
and ALVES-JUNIOR, 2017).

Flowering increased from September with peak
in October and from November 17, there were no more
flowers in the evaluated plants, confirming what occurred
in the first year of the study and literature data, which
showed that the beginning of flowering of Myrtaceae
plants coincides with the beginning of the transition to the
wet season (FIDALGO and KLEINERT, 2009). Nucci and
Alves-Junior (2017) found flowering peak in September
for the same species, but in the municipality of Ponta
Pora, MS, Brazil.

The average number of fruits per plant recorded
at the end of flowering in the second year was 60. In the
previous year, this value was 108. This difference should
be related to the long dry period and high temperatures
in the month of October of Year II (Figure 5), intense
flowering moment (Figure 6). October had a total of 74
mm of rainfall, and between days 3 and 27, there was no
rainfall. The average temperature in the month of October
was 26.1°C and in 15 days of the month, the temperature
was higher than 27°C.

The smaller amount of fruits produced can
be explained by the ideal conditions required for the
fertilization process. During anthesis, pollen grains
reach the stigma and adhere to its surface, absorb the
stigmatic fluid, swell and “germinate” to form the pollen
tubes, which in turn develop inside the stylet towards
the ovary (MARCOS-FILHO, 2015). The development
of the pollen tube depends, among other factors, on
temperature and humidity. The ideal temperature varies
between 21 and 27°C (DUMAS and MOGENSEN,
1993; MARCOS-FILHO, 2015). In addition, cellular
tugor assists in the germination and development of the
pollen tube (MARCOS-FILHO, 2015) to enable the ovule
fertilization. Thus, conditions of average high temperature
and low air RH in the month of October may have affected
fruit fertilization and consequent formation.

Phenophases synchrony - High sprouting
synchrony was observed from the second ten days of
October for both years studied (Figure 7). The sprouting
activity index reached maximum synchrony (100% with

n = 360) from October 28 in the first year and from
November 9 in the second year (n = 180). Thus, as the
species is deciduous (NUCCI and ALVES-JUNIOR,
2017), that is, it loses all or part of its leaves in the dry
season, it could be concluded that there is emission of new
leaves from September and from October / November the
sprouting synchrony is maximal.

Flowering was considered to be highly synchronous
from the third ten days of October to the first ten days of
November in both years. The production of flowers in
excess in a short period of time guarantees continuous
availability of pollen grain for floral visitors (LORENZON
et al., 2003), which in the case of Campomanesia
adamantium, despite being visited by several insects,
pollination is mainly performed by bees (ALMEIDA et
al., 2000; ARAUJO and SOUZA, 2018), especially Apis
mellifera, an exotic species that guarantees gene flow from
pollen transfer among C. adamantium plants (NUCCI and
ALVES-JUNIOR, 2017).

On the other hand, fruiting showed high synchrony
from November 17 on Year I and a little earlier on
November 13 on Year II. Fruiting did not reach maximum
activity index, that is, did not reach 100% of individuals
in the phenophase in both years studied. This can be
explained by the fact that this index also did not reach
the maximum flowering value. Thus, although all plants
studied in Year I (n = 360) and Year II (n = 180) emitted
shoots, not all reached reproductive phases. Further studies
related to factors that interfere in the floral induction of
this species are required. In this work, it was possible to
observe that factors related to climate such as rainfall,
temperature and air RH do not explain flowering in
Campomanesia adamantium.

Correlation between phenophases and climatic
factors - Spearman’s correlation revealed, in Year I,
moderate positive correlation for sprouting and fruiting
with rainfall and weak negative correlation with average
temperature (Table 2). Strong positive correlation of
sprouting and fruiting with air RH was observed. The
emission of shoots followed the occurrence of rainfall
and increase in air RH (Figure 8).

There was no significant correlation between plant
flowering and rainfall, average temperature and air RH
data in Year I (Table 1). Flowering in the dry season is
characteristic of most species of the Brazilian Cerrado
(OLIVEIRA, 1998; DONADIO et al., 2004; SOUZA
et al., 2008). In this biome, flowering in the spring is
independent of the local pluviometric regime, and floral
induction depends on other factors (SOUZA et al., 2008).

In Year II, strong positive correlation of sprouting
and fruiting with rainfall and air RH data was observed
(Table 2). The relationship between the occurrence of rains
and the appearance of shoots in the second year (strong
correlation) compared to the first year was more striking.
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This can be explained by the high volume accumulated
between the last day of September and the first days of
October of Year II, which was probably sufficient to allow
the emergence of shoots during the dry period of October
(Figure 9).

The fruiting trend in Year II was similar to that
of Year I, occurrence of the phenophase associated
with the occurrence of rainfall and increase in air RH.
As Campomanesia adamantium is a species with seeds
susceptible to dehydration (DRESCH et al., 2014), fruit
dispersion during wet periods and with high temperatures
consists of an evolutionary strategy of these plants,

allowing early germination (BARBEDO et al., 2013;
MARCOS -FILHO, 2015) ensuring propagation. This
represents an advantage in competition with orthodox
species in which dehydration is a defense for germination
in less favorable environments (BARBEDO and
MARCOS-FILHO, 1998).

As in Year I, there was no correlation between
flowering data and climatic data collected from Year II
(Table 1). Studies with Eugenia desynterica also did not
find significant correlation of flowering with climatic
conditions in four populations of the species (SOUZA et
al., 2008).
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Table 1. Spearman correlation index (r) for sprouting (SP), flowering (FL) and fruiting (FR) phenophases of
Campomanesia adamantium in years 2016 and 2017 in Ipameri-GO.

Year 1-2016 Year I1I - 2017
SP FL FR SP FL FR
................................... USRI
Rainfall 0,55 ns 0,53 0,65 ns 0,64
Average temperature -0,41 ns -0,39 ns ns ns
Air relative humidity 0,65 ns 0,62 0,65 ns 0,61

ns: Not significant
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Figure 9. Rainfall (mm) and air relative humidity (%) in Ipameri-GO year 2017 (Year II); of sprouting (scores according
to Ribeiro and Castro, 1986) - A and fruiting phenophases (number of fruits) - B of Campomanesia adamantium.

Conclusions

Sprouting and flowering begin before the first
rains of the rainy season; however, the peak of these
phenophases occurs in October. Fruiting started in October
and peak occurred in November.

Sprouting is highly synchronous from the second ten
days of October and flowering reveals high synchronicity
between the second half of October and the first half of

November. For fruiting, synchrony is considered high
from the second half of November. Not all plants reach
reproductive stages.

Sprouting and fruiting are related to the occurrence
of rainfall and increase in air RH. Flowering has no
relation with rainfall, air RH and temperature.
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