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Abstract
Gabiroba is a species with potential for commercial cultivation due to its desirable agronomic characteristics, such as high yield and
high levels of soluble solids. The objective of this study was to characterize fruits and seeds phenotypically and to evaluate the
genetic structure in three natural subpopulations of Campomanesia adamantium, based on quantitative data. Fruits of gabiroba
plants from three subpopulations were collected, sampling 10 mother plants per subpopulation, with collection of at least 10 fruits
per matrix, totaling 300 fruits. Physical characterization data of fruits and seeds were submitted to descriptive analysis, analysis of
variance and correlation among characters. There was significant variation for the length, width and fruit mass in C. adamantium at
all hierarchical levels evaluated: among subpopulations and among mother plants within subpopulations. Most of the variation, for
the three variables under study is found among fruits within mother plant, and then, there is greater variation among mother
plants within subpopulation. The levels of variation found within the subpopulations were low. The correlation analysis
demonstrated the existence of positive and high correlations between the variables such as, fruit length and fruit width, fruit length
and fruit mass, fruit width and fruit mass. For a possible breeding program and / or conservation of the species, it is recommended
to represent large number of subpopulations to ensure an adequate representativeness of the observed variability.
Keywords: Fruit and seed morphology; Cerrado; Phenotypic variation; Genetic structure.
Introduction
Gabiroba (Campomanesia adamantium O. Berg) belongs to
the Myrtaceae family, which has approximately 26 genera
and 1000 species described in the Brazilian flora (Souza and
Lorenzzi, 2008). Gabiroba trees occur in abundance in
phytophysiognomies, cerrado, cerradão, dirty camp (Silva et
al., 2001) and rural physiognomies (Durigan et al., 2004).
C. adamantium is a shrub that can reach up to 2.0 m in
height. They have solitary and androgynous flowers, formed
from September to October with fruit ripening in the months
of November and December (Durigan et al., 2004; Lorenzzi
et al., 2006), it is also found in grouped populations, has
annual fruiting and blooms for a short period of time (Silva
et al., 2001). Its fruits have a round shape, ranging in color
from dark green to light green and yellow, with a sweet and
quite pleasant aroma (Vallilo et al., 2006).
It is a species with potential for commercial cultivation due
to its high yield and high levels of soluble solids (brix)
(Melchior et al., 2006) and high nutritional composition
(Vallilo et al., 2006). Its fruits have the potential to be used
in natura in the food industry and as flavorings in the
beverage industry due to its juiciness, mineral content, fiber
and interesting bioactive substances from the nutritional
and functional point of view, as phenolic compounds
(Viscardi et al., 2016).

It is considered a medicinal plant for its anti-diarrheal,
purifying, anti-rheumatic properties, indicated for reducing
the level of cholesterol in the blood. Its peels and leaves are
used in the form of teas (Biavati et al., 2004). Sá et al. (2017)
still report that oils extracted from gabiroba flowers and
leaves have antifungal activities.
This species, originally abundant in its habitat, today, is
under strong pressure due to the impact caused by the
fragmentation of its subpopulations, either by inadequate
extraction or by the expansion of agricultural borders
(Durigan et al., 2004). Thus, it is necessary to know about
the genetic diversity of the species and aspects related to its
propagation.
Studies of fruit biometrics and the germinative behavior of
seeds are important for understanding the genetic variability
between populations of the same species, and the relation
between this variability and environmental factors can,
therefore, be used in genetic improvement programs
(Carvalho et al., 2003).
The objective of the current study was to characterize
phenotypically the fruits and seeds and to evaluate the
genetic structure in three natural subpopulations of
Campomanesia adamantium, based on quantitative data,
contributing to conservation measures and aid in future
genetic improvement programs for the species.
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Results and discussion

both in the city of Uberlândia-MG, they found an average
value of 4.150 g.
The average fruit length (FL) and width (FW) of the three
subpopulations studied (Table 3) were lower than the
average values cited by Oliveira et al. (2011) and Dresch et
al. (2013), which were 19.39 mm and 17.42 mm for (FL);
18.30 mm and 16.71 for (FW), respectively. Arantes and
Monteiro (2002), also found a higher value than the one
found by this study for the average fruit length (18.00 mm).
The fruit shape presented, in general, length (L) greater than
width (W), with L / W ratio of 1.010 in the average of the
subpopulations; measures that revealed rounded fruit (Table
3). The LD / TD ratio, longitudinal diameter (LD) and
transverse diameter (TD) is an indicative of the fruit shape,
and it is more rounded as the quotient approaches 1. This
characteristic is desirable by industries as it facilitates the
operations of cleaning and processing (Pinto et al., 2003).
As for studies related to fruit seeds, six characters were
analyzed in a subpopulation located in the municipality of
Pirenópolis, Goiás. The analysis of variance showed that
there is variation among C. adamantium genotypes (plants)
(Table 4). The descriptive analysis of the six seeds studied
characters showed that the highest phenotypic coefficient of
variation (CV%) occurred for number of whole seeds (NWS)
and total seed mass (TSM) (Table 4), the same result was
observed by Dresch et al. (2013) in a study carried out in the
Cerrado region (stricto sensu), in the city of Ponta Porã (MS),
with fruits of C. adamantium.
The general average found for C. adamantium plants in total
seed mass and whole seed mass (whole and with embryo WSM), was 0.193 g and 0.061 g, respectively (Table 4). The
mass of the whole seed in this study was higher than the
average values reported by Dresch et al. (2013), for seeds
from small fruits (0.025 g) and seeds from large fruits (0.050
g).
The range of, minimum and maximum variation, for the
number of whole seeds (NWS) was 1,000 and 6,000,
respectively, and for the total number of seeds (TNS), it
ranged from 4,000 to 8,000 (Table 4). Similar results were
found by Dresch et al. (2013), who obtained amplitudes of
variation for the number of whole seeds from 1 and 7 and
for the total number of seeds, values ranging from 3 to 8.
Dresch et al. (2013) evaluated gabiroba seeds grouping them
according to the dimensions of the fruits (S - small, MS medium small, ML - medium large and L-large), the averages
reported by the authors ranged from 4.70 to 6.75 seeds per
fruit, values contained within this study (Table 4).
The current study presented average values for seed length
(SL) and seed width (SW) of 5.453 mm and 4.859 mm (Table
4), respectively. The averages for seed length and seed width
are within the range reported by Dresch et al. (2013), who
observed averages values for seed length ranging from 4.76
mm to 6.64 mm, and variation in seed width from 2.03 mm
to 2.24 mm for different fruit sizes.
Despite the high variation presented by the characters of C.
adamantium evaluated in this study, there were no
genotypes with significant and higher averages values (Table
4). However, genotype 7 (seven) showed higher averages for
the characters TSM and TNS. Genotype 2 (two) also showed
a higher mean for TSM and NWS. For selection of superior
mother plants, it is suggested to collect a larger number of
mother plants in the locations (subpopulations) with better
performances.
In the analysis of the correlation between the fruit and seed
characters sampled, a significant positive and high
correlation can be observed between the variables: fruit

Analysis of variance and estimates of phenotypic
parameters
There was significant variation for the fruit length, width and
mass of C. adamantium at all hierarchical levels evaluated:
among subpopulations and among mother plants within
subpopulations (Table 2). The data found are in agreement
with studies carried out with other fruit species native to the
Cerrado (Ganga et al., 2010; Moura et al., 2013; Mota et al.,
2020; Novaes et al., 2018), in which, almost all, with few
exceptions, of the evaluated fruit and seed characters
showed significant variance in the hierarchical levels
analyzed.
High levels of phenotypic variation were verified for the
evaluated characters of C. adamatium. Most of the
variation, for the three variables under the study, is found
between fruits within mother plants, and then, there is
greater variation among mother plants within
subpopulation. The levels of variation found within the
subpopulations were low (Table 2).
Other studies carried out with fruits and seeds of Cerrado
species, Ganga et al. (2010) with mangaba (Hancornia
speciosa Gomes), Mota et al. (2020) (2013) with baru
(Dipteryx alata Vog.) and Novaes et al. (2018) with the
cagaita (Eugenia dysenterica DC.) found greater variation
among fruits within subpopulation for some characters and
for others among mother plants within the studied
subpopulations. Moura et al. (2013), in a study with pequi
fruits (Caryocar brasiliense Camb.) found that most of the
characters related to the analyzed fruit show greater
variation among subpopulations and among regions.
The high phenotypic variation observed in the fruit length,
width and mass in three subpopulations of C. adamantium
may be formed by a genetic component and / or be due to
the strong influence of environmental factors, such as
climate, soil, age of the plant, conditions of anthropization,
competition and even by the very genetic difference
between individuals, however, through phenotypic results,
preliminary indications can be obtained from the genetic
structure of the subpopulations (Vieira et al., 2006; Ganga et
al., 2010). However, the existence of phenotypic variations
does not guarantee that the variations found are of genetic
origin (Botelho, 1993).
Phenotypic characterization
The descriptive analysis of the three characters studied
showed that the highest phenotypic coefficient of variation
(CV%) occurred for Fruit Mass (FM) (Table 3). This result was
also observed in the studies carried out by Dresch et al.
(2013), with gabiroba, in the Cerrado region (stricto sensu),
in the city of Ponta Porã (MS) and also by Oliveira et al.
(2011), in the city of Uberlândia - MG.
The average value detected for fruit mass was 3.164 g.
Subpopulation 1 (Pirenópolis - GO) had the highest average
among the three studied locations (Table 3). The average
value, as well as the subpopulation averages, found for FM
in the present study were higher than those mentioned by
Vallilo et al. (2006), who obtained an average fruit mass of C.
adamantium of 2.300 g. However, the same mean for FM
was lower than that found by Oliveira et al. (2011), who
working with gabiroba fruits collected in cerrado sensu lato,
in the Plant Reserve of Itororó Hunting and Fishing Club, and
in the legal reserve of the Água Limpa Farm of the Federal
University of Uberlândia, in an area of cerrado sensu stricto,
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Table 1. Sources of variation (SV) and expected mean squares (MS) according to the hierarchical statistical model.
SV
DF
MS
E(MS)
Subpopulations
S–1
Q1
𝜎 2 + 9𝜎𝑀2 + 30𝜎𝑆2
Mother plants/Subpopulation
M–S
Q2
𝜎 2 + 9𝜎𝑀2
Residue
N–M
Q3
𝜎2
Total
N–1
S: number of subpopulations (S = 3); M: Total number of matices (M = 27) and N: total number of fruits (N = 270). DF: degrees of freedom. Values of k, adapted from Anderson and Bancroft (1952).

Fig 1. Map of the collection areas of three subpopulations of Campomanesia adamantium sampled in the city de Pirenópolis (n. 1), Goianesia (n. 2)
and Cocalzinho de Goiás (n. 3) in the Brazilian Cerrado biome.
Table 2. Analysis of variance and estimates of phenotypic parameters for fruit length (FL), width (FW) and mass (FM), in three subpopulations of C.
adamantium in the in the Brazilian Cerrado biome, 2018.
Mean Square
Variation Sources
DF
FL
FW
FM
Subpopulations
2
23.295***
10.931*
5.3110**
Mother plants/Subpopulation
21
15.727***
15.016***
4.7030***
Residual
216
2.6543
2.5016
0.7998
Ps%
2.0800
0.000
0.5644
Pm/s%
32.310
32.50
32.611
Pf / m%
65.600
67.50
66.823
* significant at 5% probability. ** significant at 1% probability and *** significant above 1% probability. DF: degrees of freedom. Ps%: proportion of the total variance explained by differences
among populations; Pm/s%: proportion of the total variance explained by differences among mother plants within the same population; Pf /m%: proportion of total variance explained by differences
among fruits or seeds within mother plants.

Table 3. Average per subpopulation, minimum and maximum values (plant level) and coefficient of variation (CV%) of the fruit morphological
variables, of three subpopulations of C. adamantium from the Brazilian Cerrado biome, 2018. Fruit length (FL), Fruit width (FW) and Fruit mass (FM).
Subpopulation
FL
FW
FW
1- Pirenópolis
17.00
16.78
3.373
2- Goianésia
16.83
16.53
3.107
3- Cocalzinho
15.76
15.91
2.779
Minimum
12.47
11.98
1.290
Maximum
23.02
22.08
7.440
Averages
16.72
16.53
3.164
CV (%)
11.92
11.59
34.34
Table 4. Average and average data (per seed), minimum, maximum values and coefficient of variation (CV%) of the seeds morphological variables of
a subpopulation of C. adamantium in the city of Pirenópolis – GO, Brazil, 2018. Total seed mass (TSM), whole seed mass (WSM), Number of whole
seeds (NWS), Total number of seeds (TNS), Seed length (SL) and Seed width (SW).
Genotype
TSM
WSM
NWS
TNS
SL
SW
1
0.124 b
0.063 ab
1.500 c
5.600 ab
6.227 a
5.162 a
2
0.238 a
0.051 ab
4.500 a
6.100 ab
5.453 b
4.499 a
3
0.219 ab
0.072 a
3.000 ac
5.300 b
5.709 ab
4.845 a
4
0.211 ab
0.071 ab
2.800 bc
6.100 ab
5.416 b
4.921 a
5
0.181 ab
0.058 ab
3.100 ac
6.200 ab
5.249 bc
4.975 a
6
0.134 b
0.050 b
2.900 ac
5.500 ab
4.672 c
4.820 a
7
0.246 a
0.061 ab
3.200 ab
6.700 a
5.444 b
4.789 a
Minimum
0.0770
0.030
1.000
4.000
3.110
3.720
Maximum
0.4350
0.118
6.000
8.000
7.270
5.970
Averages
0.1933
0.061
3.000
5.929
5.453
4.859
CV (%)
42.282
27.894
48.154
17.307
12.189
10.515
In the column. averages followed by the same letters do not differ according to the Tukey test (5%).
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Table 5. Analysis of Pearson's correlation coefficient among
Brazilian Cerrado biome, 2018.
FL
FW
FM
TSM
FL
0.906**
0.921**
0.409**
FW
0.951**
0.428**
FM
0.487**
TSM
WSM
NWS
TNS
SL
SW
-

phenotypic variables of fruits and seeds of C. adamantium subpopulations of the
WSM
0.100NS
0.087 NS
0.152 NS
0.316**
-

NWS
0.317**
0.337**
0.368**
-0.212 NS
-0.037 NS
-

TNS
0.037 NS
0.054 NS
0.060 NS
0.748 **
0.037 NS
0.254*
-

SL
0.154 NS
0.239*
0.234*
0.247*
0.372**
-0.008 NS
-0.024 NS
-

SW
0.012 NS
0.022 NS
-0.010 NS
-0.174 NS
0.250*
-0.266*
-0.090 NS
0.009 NS
-

Fruit length (FL), Fruit width (FW), Fruit mass (FM), Total seed mass (TSM), Whole seed mass (whole and with embryo - WSM), Number of whole seeds (NWS), Total number of seeds (TNS), Seed
length (SL) and Seed width (SW). NS = not significant * significant at 5% probability and ** significant at 1% probability and *** significant above 1% probability.

length and fruit width (0.906), fruit length and fruit mass
(0.921), width of the fruit and fruit mass (0.951). There was
also a significant positive and average correlation for the
total seed mass and number of whole seeds (0.748). Thus,
fruits that are larger in length are also wider and heavier,
and large fruits also have greater weight. It is also expected
that the greater the total mass of the seed, the fruit will
have a larger number of whole seeds.
According to Mota et al. (2020), when the phenotypic
correlation coefficient is of high magnitude in absolute
value, it means that both the genetic and environmental
correlation must also be of high magnitude. When the
phenotypic correlation is of low magnitude, what can
happen is that its components are also of low magnitude or
that present opposite signs.

perishable fruits, they were kept in a refrigerator at 7 ºC for
a short period of time, until the analysis was carried out,
avoiding possible deterioration.
Physical characterization
A random sample of ten fruits per matrix was used for
physical characterization, taking individual fruit mass data,
using a digital scale with an accuracy of 1.0 mg; and fruit
length (mm) and width (mm), using a digital caliper.
Tenfruits per plant (mother plant), from a single
subpopulation (Pirenópolis, GO), were opened to evaluate
the variables: Total seed mass (TSM), Whole seed mass
(whole and with embryo) (WSM), Number of whole seeds
(NWS), Total number of seeds (TNS), Seed length (SL) and
Seed width (SW). All measurements were taken in
millimeters using a digital caliper. The individual
identification of each matrix was maintained.

Materials and methods
Location of study
The collection of the material for the current study was
carried out in the Midwest region of the State of Goiás,
Brazil, in December 2017. According to Köppen, the region
has a tropical savanna climate with dry winter and rainy
summer (Aw) (Alvares et al 2013). The analysis was
performed in the Phytotechnics Laboratory, of the
Evangelical College of Goianésia, Goiás, Brazil.

Statistical analyses
The data were submitted to descriptive statistics and,
subsequently, the fruit data were subjected to analysis of
variance based on a hierarchical model that considers the
effect of subpopulations, mother plants within
subpopulations and fruits within mother plants. The analysis
was performed using the R software (R Core Development
Team, 2013). The model used was:
𝑌𝑖𝑗𝑘 = 𝜇 + 𝑆𝑖 + 𝑃𝑗(𝑖) + 𝑓𝑘(𝑖𝑗)
(1)
where:
Yijk : phenotypic value of fruit (or seed) k from plant j of

Treatments and experimental design
Three subpopulations of Gabiroba (Campomanesia
adamantium) (Figure 1) and 10 mother plants per
subpopulation were selected in the study area for collection
of 10 fruits per matrix.
The experimental design adopted corresponds to the
hierarchical model that considers the effect of
subpopulations, mother plants within subpopulations and
fruits within mother plants.

subpopulation i;
 : general mean of observed values;

si :

random effect of subpopulation i, i = 1, 2, ..., S,

[𝐸(𝑠𝑖 ) = 0, 𝐸(𝑠𝑖2 ) = 𝜎𝑠2 ];

p j (i ) : random effect of plant j within subpopulation i, j = 1,
2
2
2, ..., mi, [𝐸(𝑝𝑗(𝑖) ) = 0, 𝐸(𝑝𝑗(𝑖)
) = 𝜎𝑝/𝑠
];
f k (ij) : random effect of fruit k within plant j of subpopulation

Experimental procedures
In each area, the matrix plants were found by walking in the
respective places of occurrence, proceeding to the preselection of materials, sampling those with good
phytosanitary aspect that had fruits for collection.
Fruit collection was carried out respecting their point of
physiological maturation, which corresponds to the point at
which they easily detach from branches or those that are
already on the ground around the plants. The maturation
period, in the collection region, corresponds to the month of
December of 2017.
After harvesting, the fruits were packed and identified in
plastic bags, placed in a thermal box with ice and
transported to the laboratory. Due to the fact they are highly

2
2
i, k =1, 2, ..., fj, [𝐸(𝑓𝑘(𝑖𝑗) ) = 0, 𝐸(𝑓𝑘(𝑖𝑗)
) = 𝜎𝑓/𝑝
].
The sampling, when possible, was 10 mother plants per
subpopulation (mi = 10) and 10 fruits per matrix (fj = 10), and
in subpopulation three (local), they were found freiting only
seven mother plants. According to the statistical model
described above, the variance analysis scheme and the
prediction for the mean squares were elaborated (Table 1).
The variance components associated with the effects of the
model and the proportions of the total phenotypic variation
were estimated, described by Mota et al. (2020), which is
due to: difference among subpopulations (Ps), difference
among mother plants within subpopulations (Pm/s) and
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difference among fruits within mother plants within
subpopulations (Pf /m).
The seeds deteriorated rapidly, thus, it was possible to
evaluate only one subpopulation and seven mother plants.
The data regarding to seeds were subjected to analysis of
variance and when there was significance, the means were
compared using the Tukey test (5%).
Pearson's correlation coefficients among the evaluated
characters were also estimated, based on a routine
performed in the R software (R Core Development Team,
2013).
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Conclusions
There is phenotypic variability among subpopulations and
among mother plants within subpopulations for the species
C. adamantium. Most of the genetic variability is found
among fruits within mother plants and then, there is greater
variation among mother plants within subpopulation. The
highest coefficient of phenotypic variation, within the
morphological variations, is due to the fruit mass. Larger
gabiroba fruits also have greater fruit mass. For a possible
breeding program and / or conservation of the species, it is
recommended to represent large number of subpopulations
to ensure an adequate representativeness of the observed
variability.
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