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Multivariate analysis of ‘bacuri’ reproductive and
vegetative morphology

Abstract 

The objective of this study was to characterize sixteen genotypes of P. insignis available in the 
Embrapa Meio-Norte germplasm collection (Teresina, Piauí, Brazil) with respect to 33 morphological 
traits relating to leaves, flowers, branches, fruits and seeds. Phenotypic variance among genotypes 
was estimated using the Mahalanobis distance technique and the unweighted pair group method 
with arithmetic mean analysis (UPGMA). The method of Singh (1981) was used to determine which 
of the traits contributed most to diversity within genotypes. The occurrence of phenotypic variability 
among P. insignis genotypes indicated that it would be possible to achieve positive gains with 
selection. The most distant genotypes were BGB 16 and BGB 48, while crosses between genotype 
BGB 48 and genotypes BGB 32 and BGB 56 offers the greatest potential as parental types for this 
fruit tree breeding programs . The flesh content, ovary and fruit length ,  ratio between fruit length 
and diameter were the characters that most contributed to diversity among the studied genotypes.
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Análise multivariada da morfologia reprodutiva e vegetativa do bacurizeiro

Resumo

O objetivo do trabalho foi caracterizar dezesseis genótipos de bacurizeiro disponível na Coleção 
de Germoplasma da Embrapa Meio-Norte (Teresina, Piauí, Brasil) com base em 33 caracteres 
relacionados à folha, flor, ramos, fruto e semente. A divergência fenotípica entre os genótipos foi 
estimada pela distância de Mahalanobis e a análise de agrupamento dos genótipos por meio 
do método hierárquico da ligação média não ponderada (UPGMA). O método de Singh foi 
utilizado na determinação de quais caracteres mais contribuem para a diversidade dos genótipos. 
Observou-se diversidade fenotípica significativa entre os genótipos estudados, indicando que é 
possível obter ganhos genéticos importantes por meio da seleção. Os genótipos BGB 16 e BGB 48 
são os mais divergentes. Entretanto, cruzamentos entre o genótipo 48 e os genótipos BGB 32 e BGB 
56 oferecem potencial como parentais em programas de melhoramento da frutífera. O teor de 
polpa, comprimento do fruto, comprimento do ovário e relação comprimento / diâmetro do fruto 
são os caracteres que mais contribuem para a diversidade entre os genótipos estudados. 
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Introduction
Platonia insignis Mart., commonly known 

as ‘Bacurizeiro’, is a native fruit tree from the 

Amazon region where it presents rich variability 

in a number of characteristics of interest, 

including the size and shape of the fruit, and 

the quality and yield of the flesh (Cavalcante, 

1996). Despite its high potential and food 

value, scientific knowledge about P. insignis is 

limited in respect of most of the aspects that 

are essential to the successful cultivation of the 

species. Thus, basic information regarding the 

floral biology, reproductive mechanisms, cultural 

management, minimum descriptors and genetic 

diversity is sparse.  

Detailed understanding of the genetic 

variability within a species is important in 

directing crosses aiming the production of 

segregating populations that could be valuable 

in the selection of new varieties. Indeed, plant 

improvement programs rely on information 

concerning the diversity of native populations, 

and on the full characterization and subsequent 

conservation of indigenous varieties (Rodrigues 

et al., 2008). In relation to P. insignis, only a small 

number of studies have focused on genotypic 

and phenotypic characterization, the most 

recent being Souza et al. (2013) and Silva et al. 

(2009).

Morphological characterization is 

essential in building the description of a species 

and for developing a germplasm management, 

while multivariate statistical analysis is useful for 

screening the genotypes of a collection and 

evaluate the contribution of individual characters. 

Application of Mahalanobis distance as a 

measure of dissimilarity, and the unweighted pair 

group method with arithmetic mean (UPGMA) 

system for hierarchical clustering, represent 

efficient multivariate techniques frequently 

used to determine phenotypic diversity. These 

methods have been used in the phenotypic 

analysis of various fruit tree species, including 

Plinia cauliflora (Danner et al., 2010), Nephelium 

lappaceum (Andrade et al., 2011) and Pyrus 

communis L. (Pereira-Lorenzo et al., 2012).

The objective of this study was to 

characterize the phenotypic diversity of sixteen 

genotypes of bacuri tree maintained in the 

germplasm collection of Embrapa Meio-Norte 

and determining which of the analyzed traits 

best discriminates the genotypes.

Material and methods

Plant material
Sixteen genotypes of P. insignis were 

available in the germplasm collection of Embrapa 

Meio-Norte (Teresina, Piauí, Brazil; latitude 5°05’S, 

longitude 42°49’W and 72 m of altitude, above 

sea level) during the 2009 reproductive period 

, collecting 8 genotypes from different areas in 

the Piauí State (PI) and 8from different sites in the 

State of Maranhão (MA) (Table 1). 

Table 1. Geographical origin of the studied 16 genotypes of Platonia insignis Mart. 

Genotype Code Location
M5MP16 F4 PL9 BGB 61 Carolina, Maranhão  
Clonal 3 BGB 66 Carolina, Maranhão 
M3MP1 F13 PL5 BGB 36 Caxias, Maranhão
M5MP1 F14 PL5 BGB 38 Caxias, Maranhão 
Clonal BGB 58 Passagem Franca, Maranhão
Gema de ovo BGB 56 Passagem Franca, Maranhão
M121PE F16 PL5 BGB 48 Santa Quitéria do Maranhão, Maranhão
CEMI F8 PL2 BGB 32 Timon, Maranhão
M4PP5 F8 PL8 BGB 6 Barras, Piauí
M6PP5 F13 PL4 BGB 7 Barras, Piauí
M7PP5 F15 PL5 BGB 8 Barras, Piauí
M9PP5 F7 PL2 BGB 10 Barras, Piauí
M11PP5 F13 PL11 BGB 11 Barras, Piauí
M16PP5 F10 PL10 BGB 15 Barras, Piauí
M17PP5 F8 PL9 BGB 16 Barras, Piauí
M8PP2 F11 PL10 BGB 3 Palmeirais, Piauí
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Characterization of genotypes

Genotypic characterization was based 

on 33 traits relating to the leaves, branches, 

flowers, fruits and seeds taken from plants of 

each of the studied genotypes. Each genotype 

was represented by one plant. The characters 

were: a) Leaf trait:  petiole length (LPI), leaf 

blade length (LLB), leaf blade width (WLB), and 

LLB/WLB ratio, where the measurements were 

performed on 10 leaves per genotype, each 

located between the first and second internodes 

of branches from the median portion of the plant; 

b) branch trait: length of internode section (LIS) 

where the distance between the first and second 

internodes were performed on 10 branches per 

genotype; c) Flower trait:  flower length (LFR), 

flower diameter  (DFR), pedicel length (LPD), 

combined pedicel and flower length (LPD+LFR), 

petal length (LPT), petal width (WPT), LPT/WPT 

ratio, ovary length (LOV), ovary diameter (DOV), 

LOV/DOV ratio, length of style (LSL), difference in 

stigma height in relation to anther (HSG), average 

length of filaments (LFL) and average number of 

filaments per stamen (NFL). Measurements were 

performed on 10 flowers per genotype during 

full blooming; d) Fruit traits: fruit length (LFT), fruit 

diameter (DFT), LFT/DFT ratio, fruit mass (MFT), skin 

thickness (TSK), skin mass (MSK), flesh mass (MPU), 

flesh content (CPU; CPU = MPU/MFT), number of 

parthenocarpic sections (NPS), total titratable 

acidity  (TTA), total soluble solids (TSS) and TSS/

TTA ratio. Measurements were performed on 10 

mature fruits per genotype; e) Seed traits: mass 

of seeds per fruit (MSS) and number of seeds per 

fruit (NSS). Measurements were performed on 

seeds from all evaluated fruit. 

Mass measurements were performed 

using a high precision balance and expressed in 

grams (g). Length, width, thickness and diameter 

were obtained using a digital caliper and 

expressed in mm. Values of TSS were determined 

using a digital bench-top refractometer (0 – 

32%) with automatic temperature correction, 

while TTA values were determined according 

to ��Instituto Adolfo Lutz (2008) protocol and 

expressed as percentage of citric acid. All data 

were standardized before  analysis.

Statistical analysis 

The Mahalanobis distance was 

employed as a measure of dissimilarity between 

all genotype pairs, and the results presented 

as  a matrix. The relative contribution of the 

studied traits to variability among genotypes 

was evaluated using the method of Singh (1981). 

In order to visualize the clustering structure, a 

dendrogram was constructed based on the 

UPGMA algorithm with the mean dissimilarity 

level of all studied pairs (0.20) taken as the cut-off 

point. The analysis were performed with the aid 

of GENES software (Cruz, 2006).

Results

Analysis of dissimilarity 

The phenetic distances between the 

genotype pairs varied in the range of 45.07 

[between BGB 3 (Palmeirais, PI) and BGB 36 

(Caxias, MA)] to 396.77 [between BGB 48 (Santa 

Quitéria do Maranhão, MA) and BGB 16 (Barras, 

PI)], and the mean value was 143.43 (Table 2). 

Interestingly, genotype BGB 48 was not the only 

of the pair presenting the greatest diversity in the 

germplasm collection, but was also involved in 

the vast majority of combinations presenting high 

levels of diversity. 

Contribution of traits

The traits that most contributed to 

divergence (Singh, 1981) within the 16 genotypes 

of P. insignis studied were flesh content (17.00%), 

ratio between fruit length and diameter (12.40%), 

fruit length (11.46%) and petal width (7.85%). 

Together, these traits were responsible for 48.71% 

of the total variability. Conversely, the traits that 

contributed least to genotypic diversity were 

ratio between leaf blade length and width  

(0.24%), ratio between total soluble solids and 

total titratable acidity (0.28%) and leaf blade 

width (0.35%) (Table 3).

UPGMA analysis
The UPGMA dendrogram (Figure 1) 

showed five distinct groups, two presenting 

moderate levels of dissimilarity and three isolated 

genotypes. There is no identical genotypes 

among the 16 samples. The most distant 

genotypes were BGB 16 and BGB 48, while BGB 



235

Souza et al. (2016) / Multivariate analysis of ‘bacuri’ reproductive...

Com. Sci., Bom Jesus, v.7, n.2, p.232-240, Abr./Jun. 2016

Ta
bl

e 
2.

 D
iss

im
ila

rit
ie

s 
b

e
tw

e
e

n
 p

a
irs

 o
f P

la
to

ni
a 

in
sig

ni
s M

a
rt

. g
e

n
o

ty
p

e
s 

d
e

te
rm

in
e

d
 b

a
se

d
 o

n
  3

3 
m

o
rp

h
o

lo
g

ic
a

l t
ra

its
 u

sin
g

 

th
e

 M
a

h
a

la
n

o
b

is 
d

ist
a

n
c

e
 

G
e

n
o

ty
p

e
s

BG
B 

3
BG

B 
6

BG
B 

7
BG

B 
8

BG
B 

10
BG

B 
11

BG
B 

15
BG

B 
16

BG
B 

32
BG

B 
36

BG
B 

38
BG

B 
48

BG
B 

56
BG

B 
58

BG
B 

61
BG

B 
6

12
4.

06

BG
B 

7
21

3.
44

14
1.

57

BG
B 

8
91

.8
7

64
.8

0
10

3.
19

BG
B 

10
13

4.
59

86
.2

3
12

0.
62

51
.4

7

BG
B 

11
11

5.
11

91
.1

9
20

4.
90

81
.1

9
60

.6
8

BG
B 

15
11

7.
46

84
.1

7
15

7.
16

54
.3

0
12

3.
15

10
1.

03

BG
B 

16
25

2.
86

16
6.

42
26

9.
21

14
4.

13
16

6.
68

19
4.

68
16

9.
94

BG
B 

32
10

5.
46

10
8.

06
17

9.
04

68
.8

8
13

3.
56

13
4.

65
73

.0
4

15
1.

07

BG
B 

36
45

.0
7

10
1.

47
16

7.
45

63
.9

4
12

5.
54

10
2.

79
65

.0
0

23
6.

70
10

2.
91

BG
B 

38
95

.0
1

85
.8

8
11

8.
13

63
.4

6
10

7.
78

99
.9

2
72

.1
6

17
6.

11
10

9.
51

71
.6

8

BG
B 

48
27

3.
26

31
4.

41
31

6.
04

24
2.

22
32

8.
98

23
4.

02
21

4.
08

39
6.

77
29

0.
41

19
3.

71
23

2.
39

BG
B 

56
15

0.
62

17
5.

61
25

5.
66

12
0.

39
15

0.
23

13
2.

90
99

.8
7

14
3.

67
71

.5
7

13
4.

02
15

3.
42

26
2.

40

BG
B 

58
13

3.
41

13
1.

28
21

0.
09

10
2.

29
16

1.
72

12
1.

41
50

.5
5

20
9.

23
74

.1
1

10
0.

33
10

5.
63

22
2.

90
64

.3
9

BG
B 

61
16

5.
86

15
7.

28
30

9.
82

11
5.

80
16

7.
77

13
9.

43
12

1.
95

17
0.

98
10

3.
74

15
1.

41
16

9.
52

26
9.

46
86

.0
4

99
.2

4

BG
B 

66
83

.5
4

10
0.

79
13

0.
69

50
.3

6
10

4.
58

13
4.

64
83

.9
1

19
5.

95
75

.0
0

72
.6

7
62

.3
5

26
2.

58
13

8.
58

99
.7

6
16

3.
76



236

Plant Production and Crop Protection

Com. Sci., Bom Jesus, v.7, n.2, p.232-240, Abr./Jun. 2016

Table 3. Relative contribution of morphological traits to the genetic divergence of Platonia insignis Mart. 
genotypes (based on the statistical method proposed by Singh, 1981)

Trait Organ
Relative contribution

%
Height of stigma in relation to anthers  (HSG) Flower 1.3875

Style length (LSL) 5.4892
Average length of filaments (LFL) 2.5878

Average number of filaments per stamen (NFL) 3.4761
Petal length  (LPT) 5.4161
Petal width  (WPT) 7.8569

Ratio LPT/WPT 4.1738
Pedicel length  (LPD) 0.8253
Flower length  (LFR) 2.0390

Combined LPD + LFR 1.6954
Flower diameter (DFR) 1.1586
Ovary length  (LOV) 5.1172

Ovary diameter  (DOV) 0.9100
Ratio LOV/DOV 1.4987

Leaf blade width  (WLB) Leaf 0.3592
Leaf blade length  (LLB) 0.3940

Ratio LLB/WLB 0.2412
Petiole length  (LPI) 0.4172

Length of internode section (LIS) Branch 0.4707

Fruit diameter (DFT) Fruit 0.4720
Fruit length  (LFT) 11.4649

Ratio LFT/DFT 12.4045
Mass of fruit (MFT) 4.1522
Skin thickness (TSK) 0.5409

Skin mass  (MSK) 1.9590
Flesh mass (MPU) 0.4900

Number of parthenocarpic sections (NPS) 0.4007
Flesh content  (CPU) 17.0099

Total titratable acidity (TTA) 0.4263
Total soluble solids (TSS) 0.6212

Ratio TSS/TTA 0.2866

Mass of seeds per fruit (MSS) Seed 1.7665
Number of seeds per fruit (NSS) 2.4910

3 and BGB 36 presented the closest similarity of 

the entire collection, followed by BGB 8 and BGB 

32. Group C2 comprised the largest number of 

genotypes (11; 68.75%), and these originated 

from the municipalities of Barras, PI (BGB 6, BGB 

8, BGB 10, BGB 11 and BGB 15), Caxias, MA (BGB 

36 and BGB 38), Passagem Franca, MA (BGB 58), 

Carolina, MA (BGB 66), Palmeirais, PI (BGB 3) and 

Timon, MA (BGB 32). The remaining groups are 

comprised by only one genotype each, with the 

exception of Group C3, which contained BGB 56 

(Passagem Franca, MA) and BGB 61 (Carolina, 

MA).

Group C2 incorporated genotypes 

that produced fruits with the largest mass (high 

MFT values), thus offering obvious potential in a 

plant breedingprogram. Within Group C3, the 

genotypes BGB 56 and BGB 61 produce fruit with 

a high flesh content (high CPU value), which 

would be advantageous for breeding programs 

that aim to perpetuate this trait. The single 

genotype of Group C1 (BGB 48; Santa Quitéria 

do Maranhão, MA) produces flowers with 

stigmas that are elongated with respect to the 

anthers (high HSG value), and this could facilitate 

the process of pollination. Fruit of the Group C4 

genotype (BGB 7; Barras, PI) are unusual in that 

they have no seeds (low NSS values) and contain 
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only parthenocarpic sections (high NPS values). 

Unfortunately, the fruits from this genotype 

are relatively small and the flesh is hard and 

unsuitable for  in natura consumption or for use 

in industry. The genotype of Group C5 (BGB 16; 

Barras, PI) produces fruit with high total soluble 

solids (high TSS values) and, thus, could constitute 

a good parental type (Table 4).

Figure 1. UPGMA dendrogram based on the Mahalanobis distance of dissimilarity for 16 genotypes 
of Platonia insignis Mart. maintained in the germplasm collection of Embrapa Meio-Norte (Teresina, 
PI, Brazil) using 33 morphological traits. Bootstrap values are shown below the nodes. 

Table 4. Mean values for 33 morphological traits of the 16 studied  Platonia insignis Mart. genotypes.

Genotype
HSG
mm

LSL
mm

LFL
mm

NFL LPT
mm

WPT
mm

LPT/
WPT

LPD
mm

LFR
mm

LPD+LFR
mm

DFR
mm

LOV
mm

BGB 3 5.95 26.66 45.00 80.45 44.16 44.88 0.99 36.33 61.19 96.04 46.65 13.53
BGB 6 2.38 22.78 43.11 90.90 34.44 43.37 0.79 25.83 56.18 75.34 46.41 15.79
BGB 7 4.69 19.46 43.54 52.75 36.34 43.41 0.84 31.47 55.46 82.23 39.47 20.74
BGB 8 2.90 21.77 40.98 59.00 38.53 41.78 0.92 27.38 53.62 77.49 41.77 14.40

BGB 10 6.77 24.55 34.57 56.00 35.95 38.75 0.94 35.23 50.79 80.96 42.51 17.06
BGB 11 7.59 30.05 38.88 86.30 38.32 36.93 1.04 31.82 52.79 84.61 40.90 14.83
BGB 15 8.13 28.22 40.23 83.95 36.57 40.66 0.90 29.28 57.05 82.84 41.98 14.07
BGB 16 9.21 19.50 28.38 85.45 25.92 37.34 0.70 21.58 42.18 62.05 35.34 9.61
BGB 32 2.06 23.56 40.10 64.70 36.59 40.92 0.90 31.79 52.06 78.44 42.60 14.19
BGB 36 5.70 26.74 43.96 74.60 43.99 44.78 0.98 34.62 58.96 90.35 41.94 13.43
BGB 38 8.55 22.24 40.65 104.85 38.90 44.47 0.88 29.93 58.57 86.71 45.24 14.98
BGB 48 11.13 31.77 45.15 99.95 43.21 43.49 1.00 22.99 65.03 86.23 44.08 16.65
BGB 56 6.12 32.38 35.10 57.90 34.15 37.40 0.92 28.46 49.36 77.83 38.82 12.05
BGB 58 4.06 33.12 44.72 85.95 41.61 43.70 0.96 29.15 59.79 91.46 45.82 19.29
BGB 61 6.27 30.20 35.82 60.20 38.85 37.21 1.05 21.53 50.30 68.99 41.20 14.62
BGB 66 3.61 21.27 39.02 68.05 40.17 47.91 0.84 29.65 54.31 79.99 49.72 18.31

continue...
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Table 4. Mean values for 33 morphological traits of the 16 studied  Platonia insignis Mart. genotypes.

Genotype
DOV
mm

LOV/
DOV

LIS
mm

WLB
mm

LLB
mm

LLB/
WLB

LPI
mm

LLB
mm

LLB/
WLB

LPI
mm

DFT
Mm

BGB 3 10.54 1.29 111.20 119.40 43.20 2.77 15.20 43.20 2.77 15.20 105.25

BGB 6 12.01 1.32 92.00 78.60 42.80 1.84 11.80 42.80 1.84 11.80 136.40

BGB 7 14.99 1.38 116.40 72.40 38.00 1.90 11.00 38.00 1.90 11.00 81.00

BGB 8 12.71 1.13 122.00 99.00 42.00 2.41 9.20 42.00 2.41 9.20 105.70

BGB 10 13.39 1.28 110.00 112.00 50.00 2.24 10.00 50.00 2.24 10.00 125.20

BGB 11 12.57 1.24 91.40 92.80 44.40 2.13 10.20 44.40 2.13 10.20 141.80

BGB 15 10.36 1.36 55.10 81.10 35.30 2.29 10.80 35.30 2.29 10.80 95.78

BGB 16 9.44 1.02 95.00 80.60 49.80 1.64 10.60 49.80 1.64 10.60 92.93

BGB 32 11.69 1.23 107.00 87.00 34.00 2.56 10.40 34.00 2.56 10.40 75.74

BGB 36 10.64 1.27 72.00 88.60 37.60 2.36 11.80 37.60 2.36 11.80 112.90

BGB 38 14.87 1.01 109.00 82.40 41.80 1.99 9.00 41.80 1.99 9.00 101.00

BGB 48 12.30 1.35 74.20 80.80 41.80 1.94 9.00 41.80 1.94 9.00 105.63

BGB 56 9.98 1.22 81.57 78.98 38.90 2.08 10.30 38.90 2.08 10.30 78.49

BGB 58 12.13 1.60 69.00 84.20 38.80 2.19 10.00 38.80 2.19 10.00 88.45

BGB 61 9.74 1.50 218.00 86.00 47.00 1.84 8.80 47.00 1.84 8.80 103.49

BGB 66 14.05 1.30 105.00 95.60 41.40 2.32 13.20 41.40 2.32 13.20 97.00

continued 

Table 4. Mean values for 33 morphological traits of the 16 studied  Platonia insignis Mart. genotypes.

Genotype
LFT
mm

LFT/
DFT

MFT
g

TSK
mm

MSK
g

MPU
g

NPS CPU
%

TSS
%

TTA
%

TSS/ 
TTA

MSS
G

NSS

BGB 3 91.25 1.15 409.96 1.44 319.54 72.40 3.00 0.19 12.61 0.93 13.55 18.02 2.00
BGB 6 85.80 1.59 496.60 1.69 379.20 73.20 3.10 0.13 19.36 1.06 18.69 42.90 2.00
BGB 7 55.70 1.46 132.00 1.31 113.70 17.00 5.00 0.13 11.51 1.07 10.85 0.00 0.00
BGB 8 80.50 1.31 340.80 1.30 247.70 43.50 3.00 0.13 16.57 1.24 13.63 46.40 2.00

BGB 10 82.50 1.52 411.90 1.56 313.70 55.30 3.20 0.14 18.36 1.23 14.98 36.10 2.10
BGB 11 89.70 1.58 487.80 1.43 367.80 54.90 2.40 0.11 15.85 1.18 13.66 59.90 3.00
BGB 15 74.46 1.29 279.88 1.16 175.36 43.45 2.50 0.15 18.63 1.34 14.17 61.07 2.60
BGB 16 75.63 1.23 263.85 1.03 163.37 54.79 2.80 0.21 16.20 1.06 15.44 45.69 2.40
BGB 32 64.85 1.17 161.33 0.94 98.25 43.91 3.70 0.28 12.78 0.69 24.79 19.16 2.10
BGB 36 87.98 1.28 406.41 1.22 278.12 96.12 4.20 0.23 16.13 1.25 13.19 30.97 2.30
BGB 38 85.50 1.18 369.00 1.29 260.50 62.50 3.00 0.17 14.40 1.32 10.92 41.00 2.50
BGB 48 115.24 1.05 195.59 1.06 125.74 33.02 4.60 0.17 13.51 0.75 18.96 35.75 1.00
BGB 56 77.82 1.01 224.14 0.88 90.20 62.44 3.20 0.28 13.68 1.11 14.61 26.66 2.40
BGB 58 77.56 1.13 290.72 1.01 165.58 73.85 2.60 0.26 16.20 1.18 14.60 51.28 2.40
BGB 61 80.31 1.29 312.34 1.01 202.34 72.77 2.60 0.24 16.51 1.02 16.21 37.23 2.30
BGB 66 86.00 1.13 365.00 1.10 239.99 70.00 2.00 0.19 14.50 1.10 13.27 55.01 3.00

HSG - height of stigma in relation to anthers; LSL – style length ; LFL - average length of filaments; NFL - average number of filaments per stamen; LPT – petal length ; WPT – petal width 
; LPT/WPT - ratio between petal length and width; LPD – pedicel length ; LFR – flower length ; LPD + LFR – combined  pedicel and flower lenght; DFR - flower diameter; LOV – ovary 
length; DOV - ovary diameter; LOV/DOV - ratio between ovary length and diameter; LIS - length of internode section; WLB – leaf blade width;	 LLB – leaf blade length ; LLB/WLB 
- ratio between leaf blade length and width ; 	 LPI – petiole length ; DFT – fruit diameter ; LFT – fruit length; 	 LFT/DFT - ratio between fruit length and diameter; MFT – fruit 
mass; 	 TSK – skin thickness; MSK – skin mass; MPU - flesh mass ; NPS - number of parthenocarpic sections; CPU - flesh content; TTA - total titratable acidity; TSS - total soluble solids; 
TSS/TTA - ratio between total soluble solids and total titratable acidity; MSS - mass of seeds per fruit; NSS - number of seeds per fruit. 
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Discussion
In the Embrapa Meio-Norte germplasm 

collection, 32% of the genotypic pairs of P. insignis 
showed dissimilarities that were equivalent to or 

larger than the overall mean (143.43), indicating 

that the genetic divergence in the most of the 

collection was not substantial. This result may be 

due to P. insignis be incipiently domesticated. 

Also, germplasm collections are generally formed 

with sampling from apparently interesting fruit for 

further genetic improvement that are expected 

to be more uniform than a wild collection.  

BGB 48 was included in many of the most 

divergent combinations evaluated suggesting 

that this genotype could provide an acceptable 

heterotic effect when employed as a parent in 

hybridization programs (Table 2). Furthermore, 

this genotype produces fruit with a high pulp 

content and an elevated concentration of total 

soluble solids (high CPU and TSS values; Table 4), 

characteristics that are desired by the processing 

industry.

Considering that parental types 

exhibiting the largest divergence for the greatest 

potential to generate progeny populations with 

wide variability and potent heterotic effects, the 

most promising hybridizations would be those 

involving combinations of genotypes with high 

genetic dissimilarity indices. However, in order 

to reduce the number of hybridizations, the 

selection of possible parents should be based 

not only on estimates of dissimilarity but also on 

combinations that aggregate the maximum 

number of desirable agronomical traits (Rimoldi 

et al, 2010). Indeed, diallelic crossing is one of 

the tools that can be employed for the best 

genotypes (Lima and Cardoso, 2000).

The five groups obtained using the 

UPGMA method (Figure 1) confirmed the 

presence of variability in the germplasm studied 

as previously indicated by dissimilarities indices 

(Table 2). The identification of genotypic groups 

hasparticular importance since controlled 

crosses involving genotypes from different groups 

can generate greater heterosis in the resulting 

hybrids (Missio et al., 2007). Moreover, the 

number of different groups identified highlights 

the moderate variability among the genotypes 

studied. In the case of V. vinifera, for example,  

Leão et al. (2011) used the UPGMA method to 

evaluate the morphological characteristics of 

136 genotypes maintained in the germplasm 

collection of Embrapa Semi-Árido, and the autors 

were able to identify 30 different groups. 

In the present study, although it would be 

possible to carry out numerous crosses involving 

members of the five genotypic groups identified 

(three of which contained only one genotype), it is 

important to stress that appropriate combinations 

would be those that maximized the number of 

desirable traits. The significant contributions of 

the variables CPU and LFT/DFT to the genetic 

divergence (Singh, 1981) observed in P. insignis 
demonstrates that such traits are important in 

the characterization process. Indeed, these two 

traits may be used as good descriptors in future 

studies to characterize the species. On the other 

hand, LLB/WLB, TSS/TTA and WLB contributed little 

to the variability observed and their use in future 

characterization studies is not justified. Following 

studies involving 18 morphological descriptors for 

Syagrus oleracea (Mart.) Becc. (guarirobeira), 

an indigenous fruit tree from the Brazilian 

cerrado, Pinto et al. (2010) concluded that it was 

possible to discard 55% of the traits without loss of  

information.

The presented results suggested that 

variations in morphological traits may be used 

in the characterization of germplasm genotypes 

and can be useful as an inexpensive tool in 

the management of a germplasm collection. 

The results of the multivariate analysis of 16 

genotypes of P. insignis suggested that crosses 

between genotype BGB 48 and genotypes B�GB 

6, BGB 7, BGB 10 and BGB 16 may have potential 

for the production of segregating populations 

to be employed in genetic studies and plant 

improvement. However, if the desirable trait 

is CPU, as would be the case for plants to be 

exploited by the flesh processing industry, the 

most suitable crosses would be between BGB 

48 and BGB 32 or BGB 56 genotypes, since 

this combination aggregates advantageous 

characters (Rimoldi et al, 2010).

Conclusion
1. There is moderate variability among 

the P. insignis genotypes maintained in the 
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Embrapa Meio-Norte germplasm collection.

 2. Genotypes BGB 16 and BGB 48 

showed the highest degree of divergence within 

the collection.

3. Genotypes BGB 48 and BGB 32 or BGB 

56 offers the greatest potential as parental types 

for breeding programs of this  fruit tree. 

4. The characters that most contributed 

to diversity among the genotypes studied were 

flesh content, fruit length and ratio between fruit 

length and diameter.
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