56(1): 085-092, 2009 revistal|Ceres
ISSN 0034-737X

Genetic diversity in Campomanesia (MY RTACEAE) estimated by
multivariate analysisof the phenotypic characteristics

Helder Canto Resende! 2
TerezinhaAparecidaTeixeira?®

ABSTRACT

The Campomanesia sp. isanative fruit in the strict sense Cerrado. Although being traditionally used for either in
natura consumption and the preparation of ice-creams, sweets and liqueurs, it is insufficiently explored under the
economical viewpoint. Twenty one genotypes from a popul ation representing the Campomanesia genus were studied
in the strict sense Cerrado at Patrocinio county, State of Minas Gerais- Brazil. The objective of this study was to
evaluate either the phenotypic diversity estimated by multivariate analysis and the morphological characteristicsthat
are promising for improvement programs and germoplasm conservation collections of thisshrub fruit. So, two species
wereidentified in the areaunder study: C. adamantiumand C. pubescens. The C. pubescensindividuals showed more
variations than the C. adamantiunt. In this case, the C. pubescens species can provide more possibilities to be
explored in the genetic breeding program. Although their few variations, the C. adamantium individual s al so showed
interesting characteristics to be evaluated.

K ey wor ds: Campomanesia adamantium, Campomanesi a pubescens, Gabiroba, Nativefruit, Cerrado

RESUMO

Diver sidade genéticaem Campomanesia (MY RTACEA) estimadapor anadlisemultivariadade
caracteristicasfenotipicas

A gabiroba (Campomanesia sp.) € uma fruta nativa do Cerrado, utilizada tradicionalmente tanto no consumo in
natura quanto para fabricac&o de sorvetes, doces e licores, mas ainda pouco explorada economicamente. Vinte e um
gendtipos de uma populacgdo representante do género Campomanesia foram estudados em uma area de Cerrado
sentido restrito, no municipio de Patrocinio, Minas Gerais, Brasil. Objetivou-se avaliar adiversidade fenotipicaestima-
dapor andlise multivariada, bem como as caracteristi cas morfol 6gicas promissoras para programas de melhoramento e
colecBes de conservag@o de germoplasma dessa fruteira. Duas espécies foram identificadas na érea de estudo: C.
adamantium e C. pubescens. Os individuos de C. pubescens apresentaram mais variagdes que os de C. adamantium.
Nesse caso, aespécie C. pubescens pode of erecer mais possibilidades de ser exploradas em um programade melhora-
mento genético. Apesar de poucas variagfes, os individuos de C. adamantium também mostraram interessantes
caracteristicas a serem exploradas.

Palavr as chave: Campomanesia adamantium, Campomanesi a pubescens, Gabiroba, FrutaNativa, Cerrado.
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INTRODUCTION

The genus Campomanesia Ruiz & Pav. (Myrtaceae)
isagroup of treesand shrubs member of thetribe Myrteae
D.C., thefleshy fruited Myrtaceae (Landrum, 1982). There
are 29 species in the Campomanesia genus distributed
throughout neotropics from northeastern Argentina to
the Trinidad island and from eastern coast of Brazil to
the Peruvian Andes, Ecuador and Colombia (Rotman
1976; Landrum, 1986, 1987, 2001; Kawazaki, 2000).

According to Landrum (1986) only the species
Campomanesia speciosa Landrum, but is found in the
Peruvian Andes. Most are found on northeastern and
southeastern Brazil (Arantes & Monteiro, 2002). The
Brazilian Cerrado presents a great variety of this genus
that ispopularly known as Gabiroba, Guaviroba, Guabiroba
or Guavira. Itiswidely distributed in the states of Bahia,
Distrito Federal, Goias, Mato Grosso, Mato Grosso do
Sul, Minas Gerais, Sdo Paulo, Tocantins, Espirito Santo,
Parandaand Rio Grande do Sul (Almeidaet al., 1998).

The Campomanesia planting has been recommended
for spoiled-areareflorestation projects (Hardt et al ., 2006),
and the speciesis observed in the floristic composition of
natural reclamation (Caldato et al., 1996). At least one
species (Campomanesia xanthocarpa) shows
antiulcerogenic effectsaready confirmed (Markmanet al .,
2004). Campomanesia individuals range from trees about
15 m high to bushes shorter than 1 m (Landrum, 1986).
Studies concerning to the reproductive biology of C.
pubescens and C. velutina point out those species to be
selfcompatible, although the fruit establishment mainly
occurs for crossed pollination. The flowers exhale
sweetened perfume and are always visited by bees of both
Apidaeand Halictidae families, by distinguishing the Apis
mellifera and Melipona quadrifasciata, therefore
indicating the melliferous potential of the gender (Proenca
& Gibbs1994; Torezan & Del-Claro, 1998; Andenaet al .,
2005). Thefruit areusualy yellowish green, yellow or orange
in color. Populations from North and South Americahave
been reported as having black fruit (Landrum, 1986).

The Campomanesia fruitsare agriculturally important
because they are wild hosts of the fruit flies (Thum &
Costa, 1999), and they are distinguished for their feeding
use. They can be consumed in natura or used to produce
juices, liqueur, ice cream and jam (Almeida, 1998), but they
have been used in an extractive and often predatory
manner that shows the need to include these fruit treesin
genetic breeding programs that can serve as a base for
rational cropping.

To start a program of genetic breeding of any plant
species it is necessary to join the available genetic
variability. Ferreira(2002) presentsthe Genebank network
for tropical and subtropical fruits by the Brazilian
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Agriculture Research Corporation (EMBRAPA) that
gather collections of the Brazilian native species, inclusi-
ve the Campomanesia gender. According to Paiva and
Valois (2001), when the species is wild genetic material
has to be collected in the region of natural occurrence of
the species. Those collects can contribute for the
enrichment of information about the existent genebanks
besidesturning possible the formation of new genebanks.

In comparative stricto sensu studies of the savannah
vegetation in central Brazil, the Patrocinio and Paracatu
regions (MG) are distinguished for their natural
biodiversity; however, they are subjected to strong
anthropic action due to the wide areas cropped with
coffee and soybean mainly, therefore suggesting the
need for the establishment of conservation unitsin this
region (Felfili etal., 1998; Felfili & Felfili, 2001).

The objective of this study wasto assess the genetic
diversity in Campomanesia, estimated by multivariate
analysisof phenotypic characteristics, in an areaof strict
sense Cerrado in Patrocinio/MG, as well as to evaluate
the morphological characteristics that are promising to
theimprovement programsand conservative collections
of thisfruit shrub.

MATERIALAND METHODS

The area under study isan altered strict sense Cerrado
in Patrocinio county- MG, Brazil, localized between the
coordinates (18°57'04.94"S/46°59'01.64"W and
18°57'21.33"S/46°58' 22.64"W). The area was chosen
because it presents variability of the Campomanesia
phenotypic characteristics, little human disturbance, easy
accessand the possibility of routine observation. The plants
were marked and identified with numbered tags. The data
collectionvisitsto thefield occurred monthly between May/
2004 and September/2004, weekly between October/2004
and December/2004, daily at the peak of flowering and
fruiting and monthly between January/2005 and May/2005.
The phenotypic characteristics were recorded to represent
the variability of the genotypes.

Forty characteristics were observed by assessing plant
and reproductive structures. For the statistical analyses,
twenty seven characteristicswere eval uated as quantitative
variables and thirteen as multicategorical ones (Table 1).
Field visualization was performed with the naked eye and
the leaf and fruit pilosity were visualized using a
stereomicroscope. To obtaining the measures of theleaves,
flower buds, open flowers, fruits and seeds, the cal cul ation
of the arithmetical averages of eight leaves, three buds,
fiveopenflowers, 12 ripen fruitsand 10 seedsin each plant
were accomplished. The data collected were used for the
multivariate analysis using the GENES program version
2006.4.1 (Cruz, 2006).
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Table 1. Listing the 40 phenotypic characteristics under evaluation, as being 27 quantitative variables and 13 multicategorical ones

Quantitative variables

Multicategorical variables

Height of the largest plant branch
Diameter of thishighest branch at 10 cm from the soil
Brush area

Averageleaf size

Leaf pilosity in the adult stage

L eaf waxiness

Sprouting season

Bracteum size

Flower peduncle size

10 Floral calyx size

11 Flower stigmasize

12 Flower corollasize

13  Largest stamen size

14  Smallest stamen size

15 Flower bud appearance season
16  Flower appearance season

17  Ovary size

18  Flowering pattern

19  Averagefruit size (larger diameter)
20  Averagefruit weight

21 Average weight of the fruit skins
22 Averageweight of the seeds

23 Average number of viable seeds
24  Averageseedsize

25 Fruit skin pilosity

26 Fruit ripening season

27  Germinationtime

© 00 ~NO O~ WNPE

28  Ledf color

29  Sprouting color

30  Color of the main leaf nervures

31  Color of the flower bud calyx

32  Color of the flower bud corolla

33 Color of the stigma base in the flower bud
34  Color of the flower stigma base

35  Color of the stigmatip in the flower bud
36  Flower peduncle color

37  Flower calyx color

38  Flower corollacolor

39  Color of the flower stigmatip

40  Fruit skin color

To estimate the dissimilarity, by taking into account
the quantitative variables together, the standardized
average Euclidian distance was used, where: considering
Y, astheobservationinthei-eth genotype(i=1, 2,....,n)
for the j-eth characteristic (j = 1, 2,...., n), the average
Euclidian distance is defined between the genotype pair i
andi’, by using the expression:

dii'= \/_Z(YU ~Yi'j)*, where v is the number of the
v

characteristics under study and the standardization of the

Y
valuesby: y, = —, where 5, is the standard deviation
- o

associated to the Jj—eth characteristic. Considering the
multicategorical variable group, the dissimilarity was
estimated by the arithmetic complement of the similarity
index given by: dii'=1-Sii', as being , Sii'= “(C—

> +D
where C: category agreement and D: category disagreement

(Cruz, 2006). The generated matriceswereall standardized
and added, whereas the response matrix was used for
composing the groupings. To form the clusters the Tocher
optimization method, the UPGMA (Unweighted Pair-Group
Method using Arithmetic Averages) clustering method and
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graphic dispersion analysisinthree dimensional spacewere
used (Cruz et al., 2004).

RESULTSAND DISCUSSION

The final sample for biometric analyses consisted of
21 genotypes. Two specieswereidentified inthelocation
based on Landrum (1986) and Arantes& Monteiro (2002):
Campomanesia pubescens (A.P. de Candolle) Berg and
Campomanesia adamantium (Cambessedes) Berg. Four
of the 21 genotypes were identified as C. adamantium
(genotypes 2, 8, 9 and 21) and the others were C.
pubescens. Concerning to pilosity of theleavesand fruits,
shrub sizes, weight and coloration of the fruits, the
individuals of the C. pubescens species showed more
variations than those of C. adamantium.

In this study the C. pubescens representatives were
bushes that ranged from 98 cm to 1.60 m in height, and
could reach up to 3.54m?in canopy area. Theflowerswere
white, with alight cream tone when adults, or even with
pinkish spots, ranging from 1.5 cmto 4.1 cm in diameter.
The leaves and fruits presented some degree of pilosity.
The flowerings were always significant and very intense
on some plants, covering all the plant structure with
flowers, as for example genotype 19. The fruits ranged
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from 0.9 cmto 3.8 cmindiameter, and weregreenish, yellow
or greenish yellow in color and pilosity varied from very
littleto very intense.

The C. adamantium representatives were bushes 36
cmto 92 cminheight, 61 cm average height and 2.0m?mean
canopy area.

The leaves were glabrous, grayish green, with reddish
sprouting and somered tonesin the reproductive structures
and the flowers were white with light red marks or spots
and ranged from 1.4 cmto 3.4 cmindiameter. Thereddish
yellow fruits ranged from 2.4 cm to 3.23 cm in diameter.
Table 2 shows the average and standard deviation for the
main agronomically interesting characteristics.

Distance matrix

The genetic distance matrix generated for 21 genotypes
based on 40 phenotypic characteristics (Figure 1)
presented genotypes 1 and 3 as least divergent and as
most dissimilar genotypes 8 and 20. Genotypes 1 and 3
presented plant and reproductive similarities. They are

bushes of similar size, with the same budding, flowering,
fruiting and fruit ripening seasons, with flowersand fruits
of thesame color, varyinginfruit size and mean weight (1-
1,82cmel1,459./3-2,88cme2.96g.). Thegerminationtime
was also different: genotype 1 took 22 days to germinate
while genotype 3 germinated 14 days after sowing. The
most dissimilar genotype 8 identified as C. adamantium did
not present pilosity on any plant or reproductive structure.
The leaves were gray green and glabrous, the flowers had
reddish petals in the flower bud that deepened in color as
theflower aged and theglabrousfruit wasreddish-yellow in
color. Genotype 20, identified as C. pubescens, presented
abundant pilosity that gave an opaque appearance to the
leaves. When young they were intensaly pilose, with white
hairsthat remained on the mature leaf with amore yellowish
coloring. The flowers were large compared to the other
genotypes, white in color both in the bud and in the open
flower, and had along bract. The same characteristics were
observed in genotype 18. Thefruit wereyellow in color, with
an intensdly pilose skin. These genotypes (18 and 20) are

Table 2. Average and standard deviation of the main quantitative variables. The values of the leaves, fruits and seeds refer to the
arithmetic average of eight leaves, 12 ripe fruits and 10 seeds from each plant

Quantitative variables Average Standard Deviation
Height of the highest plant branch 89.14cm 30.72
Diameter of thishighest branch at 10 cm from the soil 1.26 cm 0.65
Brush area 1.46 m? 211
Averageleaf size 20.93 cnv? 6.35
Averagefruit size (larger diameter) 2.52cm 0.76
Averagefruit weight 2.07¢gr 0.97
Average weight of the fruit skins 0.49gr 0.10
Average weight of the seeds 0.06 gr 0.03
Average number of viable seeds 2.26 1.00
Average seed size 0.26 cm? 0.10
Germination time 16 days 6.26

6.55 0

2.79 6.34 0

504 470 431 0

423 571 3.85 3.32 0

563 6.50 5.78 4.43 5.05 0

535 564 495 493 564 567 0

8.09 7.58 8.07 820 8.08 9.71 7.65 0

567 6.45 582 472 502 661 6.01 573 0
584 592 498 457 411 633 6.04 8.10 585 0
3.88 6.76 4.00 479 3.69 510 581 820 544 3.70

1" 12 13 14 15 16 17 18 19 20 21

5.25
4.01
3.88
4.93
4.67
4.24
5.71
4.90
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Figure 1. Genetic distance matrix generated for 21 genotypes based on 40 phenotypic characteristics expressed by the standardized

7.08
6.67
7.79
7.14
8.19
6.60
9.34
8.21

8.49 10.09

7.47

4.33
4.53
3.20
4.80
5.10
3.42
5.72
5.56
8.67
7.50

4.80
4.23
5.31
5.38
6.51
4.64
7.78
7.08
8.61
6.98

3.58
3.93
4.68
4.38
5.74
4.07
6.10
6.84
7.39
6.75

5.57
5.02
6.23
4.95
6.09
4.99
7.95
6.97
7.50
8.60

4.68
5.38
5.93
5.46
5.75
4.65
6.12

8.19
8.18
8.01
9.52
8.25
8.10
9.40

5.55 10.02
7.9110.85

7.14

4.24

5.47
5.46
6.08
6.66
7.18
5.95
7.88
7.35
9.04
5.20

4.78
5.64
6.24
6.37
7.06
4.75
7.07
8.19
8.70
7.83

0
3.84 0
411 4.81 0
508 4.62 4.04 0
494 402 458 452 0
478 443 542 523 3.22 0
439 356 466 3.72 470 5.25 0
514 549 569 556 566 535 5.82 0
6.02 6.21 6.59 6.44 510 5.04 6.87 6.27 0
745 6.69 7.23 802 7.28 749 710 476 8.44 0
763 634 691 652 786 7.59 7.12 827 975 9.18 0

average Euclidian distance and arithmetic complement of the similarity index.

r e v i stalceres

Jan/Fev 2009




Genetic diversity in Campomanesia (MY RTACEAE) estimated by multivariate analysis... 89

knownintheregion by thepopular namesof “ GabirobaPeluda’
or“Pdudinha’ (“LittleHairy”).

Clustering analyses

The Tocher clustering based on the genetic distance
matrix identified 10 groups (Table 3). Group A included
genotypes of the C. pubescens species, Group B consisted
of genotypes of the C. adamantium species and Group C
wasformed by C. pubescens genotypesthat differed from
the other genotypes of the species because of their
intense pilosity on plant and reproductive structures. The
others groups isolated genotypes with distinct
characteristics that could have contributed to increasing
the mean distances of these groups, separating them from

Table 3. Groups of genotypes established by the Tocher
clustering method among 21 genotypes from the genetic distances
expressed by the standardized average Euclidian distance and
arithmetic complement of the similarity index.
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the others. Genotype 10 stood out because it presented
thelargest fruit (meansof 3.8 cmand 4.13 g.). Genotype
19 presented the smallest fruit (means 0.9 cm and 0.53 g)
the general mean of the fruits was 2.5 to cm in size and
2.07 g weight. In spite of the small fruits, the yield was
superior to the other genotypes’ under observation, since
they almost occupied the whol e extension of the branches.
Genotype 2 presented intermediate characteristics
between the C. adamantium and C. pubescens species.
The main outstanding characteristic of genotype 9 was
intense reddish coloring on plant and reproductive
structures.

The dendrogram obtained from the clustering analysis
based on the genetic distances using the UPGMA method
(Figure2) at thelevel of 75% similarity defined four groups:
group “A” consisting of the C. pubescens genotypes,
group “B” with genotype 2, group “C” with genotypes 18
and 20 reinforced the distancing of these genotypes from
the other C. pubescens species, probably due to very
intense pilosity on plant and reproductive structures, and
group “D” of the C. adamantium genotypes.

The position of the genotype 2 on the dendrogram
represented coherently its set of characteristics compared
totheothers. When compared, C. adamantiumindividuals
were smaller bushesthat produced few flowers, few fruits
and had reddish coloring on different parts of the plants,
while C. pubescens individuals were larger bushes, with
many flowersand fruits, and wereyellowish greenin color
on reproductive and plant structures. Genotype 2 (C.
adamantium) presented characteristics common to its
species regarding the reddish coloring of the flowers and
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Figure 2. Dendrogram obtained by the UPGMA (Unweighted Pair-Group Method using Arithmetic Averages) among 21 genotypes
from the genetic distances expressed by the standardized average Euclidian distance and arithmetic complement of the similarity

index. A —D : groups defined at the level of 75% similarity.
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fruits, glabrous, grayish leavesand glabrousfruit. However,
it showed C. pubescens characteristics, such aslarger bush
stand, much flowering and fruiting that were not observed
in any other C. adamantium species.

The genetic distances between C. pubescens
representatives were greater than the distances observed
among C. adamantium representatives and as more C.
pubescens individual s were assessed the variation within
this group was better represented. The small flower and
fruit production of the species during the year of study
made assessment difficult of a greater number of C.
adamantium individuals.

The dispersion graph at three planes (Figure 3)
suggests the separation of three main groups, so in
agreement with those shown by both UPGM A and Tocher
methods. Cruz and Carneiro (2004) reported that the results
expressed by graphic dispersion analysis in three
dimensional space could be considered satisfactory when
the distortion and stress coefficients were less than 20%.
Although stress and distortion overcame 20%, the
correlation between the original matrix and the dataplotted
on the graph was high (92.30%) and the results correspond
to the groups formed by the other grouping techniques

aready discussed. Collectsfor theformation of germplasm
collections should include those genotypes representing
the three main groups suggested by the clustering
methods, by sampling the differences within and among
the groups.

Genetic Breeding Programs

Certain characteristicsare of greater economic interest
for Genetic breeding programs. Larger fruits, with more
attractive coloring, more pulp and moreresistance, would
befruitswith greater commercial advantages. Skin color,
average size and fruit pilosity were important
characteristics for the genetic distances. These
characteristics should be observed for breeding programs
seeking hybrid vigor that can associate these
characteristicsfor commercial interests.

Characteristics recommended for the Campomanesia
genetic breeding program include large fruit with thin
skins, resistance and reddish yellow color, with a large
quantity of pulp, on anindividual with highyield.

Genotypes in this study were promising for
Campomanesia genetic breeding programs: genotype 2
because of the glabrous fruit, genotype 9 because of its

Correlation: 0.923 - Distortion(%): 31.765 - Stress(%): 34.676

Figure 3. Projection of the dissimilarity among 21 genotypes from the genetic distances expressed by the standardized average
Euclidian distance and arithmetic complement of the similarity index in the three-dimensional space.
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intense red coloring, genotype 2, 10 and 17 because of
thefruit size, genotype 18 because of pilosity of thefruit,
genotype 19 because of the intense fruiting (Figure 4).
Preference for pilose or glabrous fruit in a breeding
program should betested. Referenceswere not found for
the genus in question. Penna (1999) studied cotton
breeding and the relationship of some insect resistance
traits and assessed that the presence of pilosity had
negative effect for boll weevil and Empoasca spp because

it functioned as amechanical barrier and antibiosis, and
positive effect for Heliothis spp because it facilitated
oviposition. Glabrous cotton plants presented negative
effect for apple and pink caterpillars because they
hindered oviposition and had positive effect for Tripés
and Epoasca spp. A preliminary observation showed
that, in the study location, C. pubescens plants were
more attacked by some type of rust especialy in the
drought, from March to July, before leaf fall prior to

Figure 4. Size diversity and coloration of the Campomanesia sp. fruits under evaluation and the promising genotypes for
Campomanesia genetic breeding programs. A — The Campomanesia pubescens fruits, B — The Campomanesia adamantium fruits;
C —genotype 17; D - genotype 19; E - genotype 10; F - genotype 9; G — genotype 2; H — genotype 18.
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sprouting, while the C. adamantium plants remained
green in the same period until the leaves also began to
fall. Specific tests for resistance or susceptibility to
diseaseslinked to pilosity and an analysis of the physical
and chemical characteristics of the fruit such as acidity,
sugar index and macro and micronutrients would be
useful in breeding programs of thisfruit tree.

CONCLUSION

This study showed that asmall area of natural Cerra-
do still has significant genetic diversity of species of the
genus Campomanesia (Gabiroba) a native fruit much
appreciated in its area of natural occurrence. The fruits
evaluated in this study show characteristics of interest
for genetic breeding programs aiming to the commercial
use of this native fruit. We provide relevant information
to the conservation of germplasm banks that have
genotypes of Campomanesia in their collections.
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