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Abstract

The economic and scientific interest in Hancornia speciosa Gomes (mangabeira) has increased in recent years, especially due to the
commercialization of its fruits and the extraction of natural compounds with high pharmacological potential. This paper aims to
determine and correlate the main physical and biometric characteristics of fruits and seeds of mangaba tree, as well as identifying
the most appropriate substrate for the seedling emergence test. The following physical and biometric traits were measured in 100
fruits and 100 seeds: longitudinal diameter, transverse diameter, thickness, fresh mass, pulp fresh mass, volume, number of seeds.
To identify the best substrate, a completely randomized design with two treatments (substrates) and ten replications of 20 seeds
was used. The evaluated substrates were: sand and commercial substrate (Plantmax HT®). The shoot height, root length, stem
diameter, total dry mass, and the relation between shoot height and stem diameter were evaluated at 50 days after sowing.
Mangaba fruits and seeds showed great variations in their biometric traits, in addition to significant and positive correlation
predominant in most characteristics. High fruit pulp yield can be optimized with the selection of plants with fruits show greater
fresh mass due to the high degree of association between this characteristic and pulp yield. The use of the commercial substrate
resulted in higher shoot height, greater number of leaves, and higher shoot height/stem diameter ratio.

Keywords: Cerrado, Spearman's correlation, mangabeira, mangaba trees.

Abbreviations: CV_coefficient of variation, SD_Standard Deviation, FLD_fruit longitudinal diameter, FTD_fruit transverse diameter,
FFM_fruit fresh mass, FV_fruit volume, PFM_pulp fresh mass, NSF_number of seeds per fruit, SLL_seed longitudinal length,
SW_seed width, ST_seed thickness, SFM_seed fresh mass, SH_shoot height, RL_root length, SD_stem diameter, NL_number of
leaves, TDM_total dry mass, SH/SD_relation between shoot height and stem diameter.

Introduction

Hancornia speciosa Gomes, popularly known as 'mangaba reforestation programs of the Cerrado region (Santos et al.,
tree' or 'mangabeira’, is a tropical fruit tree native to Brazil 2015; Almeida et al., 2016).

and belonging to the family Apocynaceae. It occurs in the Biometric  characterization  consists in  evaluating
tableland and coastal plains of the Northeast, in the Cerrado morphological traits of different parts of the plant, such as
of the Central-West, in the North and Southeast regions of fruits and seeds, or of the plant as a whole (Silva et al.,
Brazil (Nascimento et al., 2014; Silva et al., 2017c). In the 2017a). According to Gusmao et al. (2006), biometric studies
Cerrado region of Brazil, mangaba tree bloom from July to can contribute to the determination of plant patterns in
September and fruit maturation occurs from September and genetic breeding programs, as well as to provide knowledge
December (Silva-Junior, 2006). Mangaba fruits may be for direct and indirect selection in these traits.

consumed fresh or used to produce pulps, juices, sweets and The use of seeds is the most widely used method for the
ice creams (Silva-Junior, 2006; Moura et al., 2011). In propagation of mangaba plants. However, as this species
addition, studies have reported that the leaf extract has anti- produces recalcitrant seeds, the sexual propagation is
hypertensive and vessel dilator effects (Pereira et al., 2012), hampered (Santos et al., 2015). Therefore, the success of
whereas the latex has anti-inflammatory properties seed utilization depends on a rapid and uniform emergence
(Marinho et al.,, 2011). Due to the high economic and of seedlings in the nursery or field (Barros et al., 2010; Vieira
medicinal potential this species has been widely used in the et al., 2015). The delay in emergence of seedlings leaving the
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seeds more vulnerable to attack from predators (pests and
pathogens) and unfavorable environmental conditions
(temperature, substrate moisture, among others) and,
therefore, compromise the establishment of a uniform stand
(Silva et al., 2017b; Ribeiro et al., 2017).

The cultivation of a native species depends on the technical
knowledge, spread and growing environment of this species.
Thus, among other important factors for the production of
seedlings, are the type of substrate used (Silva et al., 2011;
Gordin et al.,, 2016). The substrate has the function of
sustaining the plants during rooting, in addition to providing
the essential mineral nutrients. Therefore, the substrate may
influence both emergence and initial seedling growth due to
their physical, chemical and biological properties (Silva et al.,
2011; Ajalla et al., 2012). Thus, studies aiming to establish
the best substrate for the emergence of mangaba seedlings
are necessary to ensure the propagation of the species in
reforestation areas

In this context, this paper aims to determine and correlate
the main biometric characteristics of fruits and seeds of
mangaba tree, as well as identify the most appropriate
substrate for the seedling emergence test.

Results and discussion
Biometry of the fruits and seeds

The descriptive analysis of the biometric traits of mangaba
fruits and seeds is shown in Table 1. The coefficients of
variation (CV) ranged from 21.28% to 121.62% for the fruits
and from 30.84% to 92.29% for the seeds. These results
show that the CV values varied from high (20 to 30%) to very
high (> 30%), being higher than 30% for most variables, thus
pointing to a great variation in the biometric traits of
mangaba fruits and seeds. The CV values obtained in the
present study are higher than those observed by Gongalves
et al. (2013) for biometric traits of mangaba and by Zuffo et
al. (2018) for Cerrado cashew (Anacardium humile A. St.
Hil.). However, in both studies, the authors collected the
fruits from a Cerrado native area.

Regarding the biometric traits of mangaba fruits, 45% of the
fruits had longitudinal diameter (FLD) in the range between
23.3 and 28.5 mm (Figure 2a), with an average value of
26.57 mm (Table 1). The mean fruit transverse diameter
(FTD) was 24.15 mm (Table 1), with 76% of the fruits having
values in two transversal diameter classes between 17.6 to
23.1 mm and from 23.2 to 28.7 mm (Figure 2b). For the fruit
fresh mass (FFM), 78% of the fruits having values between
3.6 and 15.8 g (Figure 2c), with an average value of 13.37 g
(Table 1). Fruit volume (FV) ranging from 4.0 to 41.0 cm?,
with 64% of the fruits presenting values between 4.0 and
10.2 cm?® (Figure 1d), with average value of 12.59 cm? (Table
1). For pulp fresh mass (PFM), 77% of the fruits having
values in the range between 2.7 and 14. 9 g (Figure 1le), with
average PFM value of 12.67 g (Table 1). Regarding the
number of seeds per fruit (NSF), 70% of the fruits presented
0-3 seeds (Figure 2f), and it was the characteristic with the
greatest variation for fruits. These results presented here are
below those showed by Gongalves et al. (2013), which
verified that the values of fruit longitudinal diameter (FLD),
fruit fresh mass (FFM), fruit volume (FV), pulp fresh mass
(PFM), number of seeds (NSF) in the mangaba fruits were
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44,57 mm, 41.81 mm, 46.49 g, 4.77 cm?, 40.15 g and 22
units, respectively. However, Nascimento et al. (2014)
showed an average value of 17.17 g for fresh mass of
mangabeira fruits, while Ganga et al. (2010) reported that
the mangaba fruits have average value of fresh mass of
27.88 g. These variations in fresh mass and other biometric
traits may be related to genetic variability and
environmental conditions resulting from geographical
locations (Santos et al., 2009).

Regarding the biometric traits of mangaba seeds, 59% of the
seeds presented a longitudinal length (SLL) between 9.2 and
11.0 mm (Figure 3a), with an average value of 9.87 mm
(Table 1). For the seed width (SW), 32% of the seeds having
values in the range between 8.3 and 8.9 mm (Figure 3b), and
it was the biometric traits with the smallest variation for
seeds. For the seed thickness (ST), 66% of the seeds
presented values between 3.3 and 4.9 mm (Figure 3c), with
an average value of 4.93 mm (Table 1). For the seed fresh
mass (SFM), 64% of the seeds having values in the range
between 0.1 and 0.4 g (Figure 3d), with an average value of
0.70 g (Table 1). These results were higher than those
reported by Gongalves et al. (2013) for seed longitudinal
length (SLL), seed width (SW), seed thickness (ST) and seed
fresh mass (SFM), with mean values of 9.43 mm, 7.35 mm,
3.42 mm and 0.27 g, respectively. Therefore, as can be seen,
smaller fruits led to a reduced number of seeds per fruit,
consequently producing seeds with larger dimensions and
fresh mass.

After evaluating the intrinsic traits of fruits and seeds, it is
also necessary to analyze the association between these
characteristics (Zuffo et al., 2016a). The authors also state
that the association between biometric traits is important
because it allows assessing the degree of interference of a
characteristic over another from an economic perspective,
as well as indirect selection.

The values of Spearman’s correlation coefficients (r,) for the
biometric traits of mangaba fruits and seeds (Table 2)
indicated that there was a positive and significant
correlation between fruit longitudinal diameter (FLD) and
fruit transverse diameter (FTD). Fruit fresh mass (FFM) was
significantly correlated with fruit volume (FV), pulp fresh
mass (PFM), number of seeds per fruit (NSF) and seed fresh
mass (SFM). Fruit volume (FV) also correlated significantly
with pulp fresh mass (PFM), number of seeds per fruit (NSF)
and fresh weight of seeds (FWS). Fruit fresh mass (FFM) was
significantly correlated with the number of seed per fruit
(NSF) and seed fresh mass (SFM). The number of seeds per
fruit (NSF) presented a positive and significant correlation
with seed fresh mass (SFM), while seed width (SW)
correlated significantly with seed thickness (ST).

The highest correlation coefficient values were observed
between fruit fresh mass (FFM) and pulp fresh mass (PFM)
(rs = 0.994; p = 0.01). These results were expected for the
association between FFM and PFM owing to the
contribution of the pulp mass to the total mass of the fruit.
High correlation coefficient values were also observed
between fruit fresh mass (FFM) and number of seeds per
fruit (NSF) (r, = 0.729; p = 0.01). Therefore, the total fruit
mass is directly related to pulp yield and number of seeds.
Accordingly, the selection of plants bearing fruits with
greater fresh mass favors the improvement of the species,
considering that the selection of plants with heavier fruits



Table 1. Biometric characterization of fruits and seeds of mangaba (Hancornia speciosa Gomes). N = 100 fruits and N = 100 seeds.

Parameter Mean Skewness Kurtosis S.D. CV (%)
Fruit
Longitudinal diameter (mm) 26.57 (0.56)* -0.30 1.56 5.65 21.28
Transverse diameter (mm) 24.15 (0.56) 0.63 1.54 5.64 23.38
Fresh mass (g) 13.37 (0.99) 1.55 1.16 9.96 74.49
Volume (cm®) 12.59 (0.95) 1.92 2.58 9.59 76.20
Pulp fresh mass (g) 12.67 (0.96) 1.56 1.30 9.60 75.76
Number of seeds 4.14(0.50) 1.60 1.25 0.50 121.62
Seed
Length (mm) 9.87 (0.44) 1.75 5.44 4.43 44.88
Width (mm) 9.41 (0.29) 4.45 21.77 2.90 30.84
Thickness (mm) 4,93 (0.21) 1.25 -0.06 2.12 43.14
Fresh mass (g) 0.70 (0.06) 2.33 5.00 0.64 92.29

E
Values in parentheses represent the standard error of the mean; S.D.: Standard Deviation; CV: Coefficient of Variation.
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Fig 1. Mean monthly rainfall during the development of mangaba tree fruits in the years 2016 and 2017. Source: INMET

Experimental Station in Cassilandia, MS, Brazil.
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Table 2. Spearman’s rank correlation coefficient (rs) between the different biometric characteristics of fruits and seeds of mangaba
(Hancornia speciosa Gomes).

FLD FTD FFM FV PFM NSF SLL SW ST
FTD 0.693**
FFM -0.116™  0.006™
FvV -0.043"™  -0.023"™ 0.636**
PFM -0.094"™ 0.026™ 0.994**  0.619**
NSF 0.006™ 0.020™ 0.740%*  0.469**  0.729*%*
SLL 0.072"™ 0.082"™  -0.140™ -0.109™  -0.149™  -0.098"™
SW -0.107™  -0.150™ -0.046™ -0.106"  -0.037" 0.095"  -0.101"
ST -0.151™  -0.034™  0.044™ 0.052™ 0.053™  -0.062"  -0.335™  0.463**
SFM -0.232™  -0.144™  0.393*%* (0.399*%*  (0.338*%*  (0.489** -0.026"  -0.001"™ 0.044"™

** and * significant at 0.01 and 0.05 significance level, respectively, by the T test; ns: non-significant. FLD - fruit longitudinal diameter, FTD — fruit transverse diameter, FFM - fruit fresh mass, FV -

fruit volume, PFM - pulp fresh mass, NSF - number of seeds per fruit, SLL - seed longitudinal length, SW - seed width, ST - seed thickness, SFM - seed fresh mass.
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Fig 2. Frequency distribution of fruit longitudinal diameter - FLD (a), fruit transverse diameter - FTD (b), fruit fresh mass - FFM (c),
fruit volume - FV (d), pulp fresh mass - PFM (e), and number of seeds per fruit - NSF of mangaba (Hancornia speciosa Gomes)
collected in the municipality of Cassilandia, MS, Brazil, in the year 2017. N = 100 fruits.
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Table 3. Shoot height (SH), root length (RL), stem diameter (SD), number of leaves (NL), total dry mass (TDM) and shoot height and
stem diameter ratio (SH/SD) of mangaba (Hancornia speciosa Gomes) seedlings growing on two substrates. Cassilandia, MS, Brazil,

2017.
SH RL SD NL TDM SH/SD
Substrate :
—————— (em)------ (mm) (unit) (mg) -
Sand 5.34+0.45b 5.51+0.71a 1.42+0.15a 4.13+0.32b 139.50+16.25a 3.93+0.54b
Commercial 6.85+0.49a 5.98+0.17a 1.33+0.17a 5.13+0.50a 141.75+18.81a 5.40+0.63a
CV (%) 9.09 22.15 10.76 11.82 16.51 17.25

Means followed by the same letter do not differ by the Fisher-Snedecor F test. CV: Coefficient of Variation.

Frequency (%)

Frequency (%)

3352 5371 7291 92-110 11.1-12913.0-149
SLL (mm)

Frequency (%)

ST (mm)

c)

Frequency (%)

00-16 17-32 3349 5065 6681 8298

b)

6875 7.6-82 8389 9.0-96 97-103104-11.1
SW (mm)

d)

01-04 05-09 10-14 1519 20-24 25-29

SFM (g)

Fig 3. Frequency distribution of seed longitudinal length - SLL (a), seed width - SW (b), seed thickness - ST, (c) and seed fresh mass -
SFM (d) of mangaba (Hancornia speciosa Gomes) collected in the municipality of Cassilandia, Mato Grosso do Sul, Brazil, in the year

2017. N =100 seeds.

Table 4. Pearson’s correlation (r) for the biometric variables of mangaba (Hancornia speciosa Gomes) seedlings.

SH RL SD NL TDM SH/SD
SH 1
RL 0.283™ 1
SD -0.218™ 0.006™ 1
NL 0.678** 0.281"™ -0.031"™ 1
TDM 0.438* 0.372™ -0.218™ 0.257™ 1
SH/SD 0.828** 0.168" -0.689** 0.534%* 0.411"™ 1

** and * significant at 0.01 and 0.05 significance level, respectively, by the T test; ns: non-significant. SH - shoot height, RL - root length, SD - stem diameter, NL - number of leaves, TDM - total dry

mass, and SH/SD - shoot height and stem diameter ratio.

will result in an increase of pulp yield. These findings were
also observed by Gongalves et al. (2013) and Nascimento et
al. (2014).

Effect of the substrate on emergence and seedling growth

The substrates used do not significantly affect (p >0.05) the
root length (RL), stem diameter (SD) and total dry mass
(TDM) of mangaba seedlings (Table 3). The non-effect of
substrates on root length and stem diameter of mangaba
plants were also reported by Silva et al. (2011). However,
the commercial substrate (Plantmax HTG) provided seedlings
with higher shoot height (SH), greater number of leaves (NL)
and a higher shoot height and stem diameter ratio (SH/SD).
Therefore, this commercial substrate should be used for
adequate initial growth of the mangaba seedlings.
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As previously stated, not only the intrinsic characteristics of
plants should be analyzed but also the association between
such characteristics (Zuffo et al., 2018). According to Zuffo et
al. (2016a) and Zuffo et al. (2016b), this association is
important as it allows assessing the degree of interference of
one characteristic over another.

The values for Pearson’s linear correlation coefficients of the
mangaba seedlings indicated that there was a positive and
significant correlation between shoot height (SH) with
number of leaves (NL), total dry mass (TDM) and the SH/SD
ratio; whereas the number of leaves (NL) correlated
significantly only with the SH/SD ratio (Table 4). The highest
correlation coefficient value (r 0.828, p 0.01) was
observed between shoot height (SH) and the SH/SD ratio. On
the other hand, there was a negative and significant
correlation between stem diameter (SD) and the SH/SD ratio



(Table 4). Therefore, the selection of mangaba seedlings
with higher shoot height will result in an indirect selection of
seedlings with greater number of leaves (NL), higher total
dry mass (TDM) and a higher SH/SD ratio.

Materials and methods
Biometric characterization of fruits and seeds of mangaba

Mature fruits of Hancornia speciosa Gomes ("mangaba")
were collected from the 10 years old trees established in a
savannah area located at the State University of Mato
Grosso do Sul (UEMS), in the municipality of Cassilandia, MS,
Brazil (19205'20" S, 51248'24" W, and altitude of 520 m),
during the rainy season, in November 2017. The matrices
trees have been conducted without specific management for
pruning, fertilization, irrigation and phytosanitary control.
The climate of the region, according to the Koppen
classification, is Aw with rainy summer and dry winter.
Climatic data were obtained from the weather station of the
National Institute of Meteorology (INMET) (Figure 1).

After collected, the fruits were placed in polyethylene bags
and taken to the Crop Science Laboratory of State University
of Mato Grosso do Sul. In the laboratory, the fruits were
previously selected, discarding those visually impaired or
deformed, and a sample of 100 fruits was taken for
measurement of biometric characteristics.

Fruit longitudinal diameter (FLD) and transverse diameter
(FTD) were measured using a digital caliper (Clarke-150 mm)
with 0.01 mm accuracy, considering the largest diameter.
Fruit fresh mass (FFM) and pulp fresh mass (PFM) were
individually weighed, in grams, using a digital precision
balance with 210 g capacity and 0.0001 g accuracy. Fruit
volume (FV), in cm®, was determined by water displacement
using a calibrated cylinder. The number of seeds per fruit
(NSF) were also measured.

After the biometric characterization of the fruits, the seeds
were manually extracted and then the measurements of
seed longitudinal length (SLL), seed width (SW), seed
thickness (ST) and seed fresh mass (SFM) were carried out
using a digital caliper and a digital precision balance.

The biometric data of the fruits and seeds were analyzed
using the adjustment of statistical distributions and
descriptive statistics, who understood the measurements of
position (average, minimum and maximum values) and
dispersion (coefficient of variation, skewness, kurtosis and
standard deviation). The Spearman's nonparametric
correlation coefficient (r;) and the respective significance
level (P value) between the biometric characteristics of fruits
and seeds were estimated using the t-test (Zar, 1996). All
statistical analyses were performed using BIOESTAT version
5.0 software for Windows (Ayres et al., 2007).

Testing the effect of the substrate on sedling growth

The experiment was carried out under greenhouse
conditions, at the State University of Mato Grosso do Sul
(UEMS), in Cassilandia, MS, Brazil (19°06'48" S; 51°44'03" W
and average altitude of 510 m) from November to December
2017. During the trial, the mean air temperature was 26.8 2C
during the day and was 23.4 °C during the night, and mean
relative humidity was 75% (+ 5%).
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The experimental design was completely randomized, with
two treatments (substrates) and ten replications of 20 seeds.
The substrates tested were: sand and commercial substrate
(Plantmax HT®). The Plantmax HT presented the following
chemical characteristics: pH in CaCl, of 5.9; 5.8 g kg'1 of C,
680 mg kg'1 of P; 0.40 cmol, kg'1 of Al + H; 2.90 cmol, kg'1 of
K; 7.80 cmol, kg’l of Ca; 7.50 cmol, kg’1 of Mg; 18.60 cmol,
kg’l of CEC. The substrates were placed in plastic trays (46 x
29 x 6.5 cm) and then the seeds were sown at a depth of +
1.0cm.

At 50 days after sowing (DAS), the following characteristics
were evaluated: shoot height (in cm) — measuring from the
substrate surface to the point of insertion of the highest
leaf; root length (cm) — by measuring the length of the
primary root; stem diameter (cm) — by measuring the root
collar area using a digital caliper (Clarke-150 mm) with %
0.0lmm accuracy; and the number of leaves (NL).
Afterwards, the shoots and roots were placed in paper bags
and taken to a forced circulation oven for 72 hours at 65 °C
(x 1.0 °C) for determination of the total dry mass using a
digital precision balance. Based on these evaluations, the
ratio between shoot height and stem diameter (SH/SD) was
determined.

The data were submitted to analysis of variance (ANOVA)
and, when significant, the means were compared by the
Fisher-Snedecor F test, at a 0.05 significance level, using the
statistical software Sisvar version 5.3 for Windows
(Software de Andlises Estatisticas, UFLA, Lavras, MG, BRA).

Conclusion

The fruits and seeds of mangaba trees have great biometric
variations, as well as a positive and significant correlation
predominant in most of the biometric traits evaluated.
Mangaba fruits with higher fresh mass are important
indicators regarding the selection of fruits for the food
industry as it guarantees higher pulp yields and, for the seed
industry, it guarantees a greater number of seeds. The
selection of larger fruits indirectly leads to the selection of
fruits with higher pulp yields and a higher number of seeds.
The use of the commercial substrate resulted in higher shoot
height, greater number of leaves, and higher shoot
height/stem diameter ratio. Better quality mangaba
seedlings can be obtained using the commercial substrate
(Plantmax HT®), resulting in higher shoot height, greater
number of leaves, and higher shoot height and stem
diameter (SH/SD) ratio. Shoot height and number of leaves
are the most adequate variables to indicate the ratio
between shoot length and stem diameter.
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