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CHEMICAL AND PHENOTYPIC DIVERSITY OF MEXICAN
PLUMS (Spondias purpurea L..) FROM THE STATES
OF GUERRERO AND MORELOS, MEXICO!

YANIK IXCHEL MALDONADO ASTUDILLO?, IRAN ALIA TEJACAL?,
ALBERTO CARLOS NUNEZ-COLIN 3, JAVIER JIMENEZ HERNANDEZ*3,
VICTOR LOPEZ MARTINEZ?

ABSTRACT -Fruits from 86 ecotypes of Mexican plum were harvested from the states of Guerrero and
Morelos during the dry season. Of these, 22 were wild ecotypes and 64 were cultivated varieties. Among
the variables measured, those with the highest variation coefficients were color, flavor, and mass (> 45%),
highlighting the presence of considerable intra-species variability. Cluster analysis separated the 86 accessions
into 5 groups, mainly on the basis of color, flavor, length, and mass. Members from the first three groups had
red (Group I), yellow (Group II), or purple (Group III) epicarps and higher values of mass (12.2-16 g), length
(29.6-33.9 mm), pulp yield (68.8-71.9% ), TSS (11.16-11.52 °Brix) and flavor index (14.5-18.3), making them
suitable for horticultural use and fresh consumption. The wild ecotypes clustered in the remaining two groups
and consisted of small (23.2-27.7 mm, 5.5-8.2 g) red drupes of differing hues. The cherry-red color of the fruits
from Group IV suggests possible antioxidant properties due to the presence of polyphenolic pigments which
could be of interest to the pharmaceutical and cosmetic industries. Finally, fruits from Group V, being the
most acidic (pH 2.7, 2.1% acidity), might be better suited for the preparation of pickled products and sauces.
Index terms: Quality, canonical discriminant analysis, cluster analysis, genetic diversity, underutilized crops.

DIVERSIDADE QUIMICA E FENOTIPICA DAS AMEIXAS MEXICANAS
(Spondias purpurea L..) DOS ESTADOS DE GUERRERO E MORELOS,
MEXICO

RESUMO - Frutos de 86 ecotipos de ameixa mexicana foram colhidos dos estados de Guerrero e More-
los durante a estacdo seca. Destes frutos, 22 foram ecotipos selvagens e 64 variedades cultivadas. Entre
as variaveis medidas, aquelas com os maiores coeficientes de variagdo foram cor, sabor ¢ massa (> 45%),
destacando-se a presenga de consideravel variabilidade intra-espécies. A analise de clusters separou os 86
acessos em 5 grupos, principalmente com base na cor, sabor, comprimento ¢ massa. Os membros dos trés
primeiros grupos apresentaram epicarpos vermelhos (Grupo I), amarela (Grupo II) ou purpura (Grupo I11)
¢ maiores valores de massa (12,2-16 g), comprimento (29,6-33,9 mm), rendimento de polpa (68,8 -71,9%),
TSS (11,16-11,52 ° Brix) e indice de aroma (14,5-18,3), tornando-os adequados para uso horticola ¢ consumo
fresco. Os ecotipos selvagens se agruparam nos restantes dois grupos ¢ consistiram em pequenas drupas
vermelhas (23,2-27,7 mm, 5,5-8,2 g) de diferentes tonalidades. A cor vermelha cereja dos frutos do Grupo
IV sugere possiveis propriedades antioxidantes devido a presenga de pigmentos polifendlicos que poderiam
ser de interesse para as inddstrias farmacéutica e cosmética. Por fim, os frutos do Grupo V, sendo os mais
acidos (pH 2,7- 2,1% de acidez), podendo ser mais adequados para a preparagdo de conservas ¢ molhos.
Termos para indexacio: Qualidade, analise discriminante candnica, analise de agrupamento, diversidade
genética, culturas subutilizadas.
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INTRODUCTION

Spondias purpurea (Anacardiaceae) is a
tropical species whose physiological, anatomical,
and agronomic plasticity allows it to grow in soils
that would be otherwise unsuitable for conventional
agriculture, as well as at a wide range of altitudes
and in different climates. Mexican plums are drupes
of different shapes (oblong, round or oval), lengths
(20-50 mm), masses (4-43 g) and colors (yellow,
red, orange, purple), with thick fibrous endocarps
and mesocarps of a palatable taste and flavor (LEON
et al., 1990; MALDONADO-ASTUDILLO et al.,
2014). They are known as ‘jocotes’, ‘jobos’, or
‘abales’ in different regions of Mexico (RUENES et
al., 2010) and have traditionally been consumed since
prehispanic times (AVITIA et al., 2000). Mexican
plums can be classified as either dry-season (April
to June) or wet-season (September to December)
fruits based on their time of fruiting (LEON et al.,
1990), although a third, intermediate category also
exists that is considered a ‘hybrid’ between the
other two (AVITIA et al., 2000). Miller and Knouft
(2006) mentioned the existence of both wild and
cultivated populations of S. purpurea, with the
former constituting the ancestral progenitors of the
latter. Cultivated populations differ from the ancestral
varieties in terms of morphology, flavor, and mode
of reproduction as a result of the genetic changes
that occurred during the process of domestication
and artificial selection. There are two known centers
of origin in Mesoamerica for this species: one
comprising the western portion of central Mexico,
and the other spanning a region that includes both
southern Mexico and Central America (MILLER
et al., 2006; NETO el al., 2013). S. purpurea can
be found distributed in the deciduous and semi-
deciduous lowland forests of tropical America,
from the western coast and the southeast regions of
Mexico (AVITIA et al., 2000), to Central America
(POPENOE, 1979), Peru, and Brazil (AVITIA et
al., 2000), and has even been introduced into certain
regions of Africa and Asia (KOSTERMANS, 1991;
DUVALL, 2006). In Mexico, it can be found in 21
of the 31 federated states, principally in Chiapas,
Puebla, Sinaloa, Jalisco, Guerrero, Veracruz, Nayarit,
and Yucatan (AVITIA et al., 2000).

Information concerning the different
genotypes is scarce because, in the wild, S. purpurea
tends to grow in remote, difficultly accessed areas,
and its cultivation has largely been based on the use
of informal agricultural practices (backyard gardens,
hedges and small farms). In addition, few studies
specifically address the diversity of genotypes of S.

purpurea. Nava and Uscanga (1979) analyzed the
chemical composition of 12 ecotypes from Veracruz
and concluded that S. purpurea had a nutritional
value that was comparable to those of other fruit
like the orange, mango, papaya, and pineapple;
Vargas et al. (2011) characterized four Mexican plum
accessions from Tabasco and observed a noticeable
variation in the morphology of leaves, flowers and
fruits as well as in their respective phenological
stages; Ruenes et al. (2010) conducted ethnobotanical
studies using 10 fruit accessions from Yucatan that
were used by local farm families for food, fodder,
and medicinal purposes. Ramirez et al. (2008)
highlighted the agronomic and ecological importance
of'the species: they characterized 12 fruit accessions
from Colima, Nayarit, and Jalisco, concluding that,
overall, cultivated varieties have better commercial
and nutritional characteristics compared to wild
populations. A wide diversity of Mexican plum
ecotypes from the states of Guerrero and Morelos
has been reported (PEREZ et al., 2008; ALIA et al.,
2012; MALDONADO-ASTUDILLO et al., 2014)
where S. purpurea can be found growing in the
wild or at small-scale or commercial orchards, yet
little has been documented in terms of the physical,
chemical, and morphological characteristics (ALIA
etal., 2012).

The aim of this study therefore, is to provide
information on the diversity of dry season Mexican
plum fruits originating from the Mexican states of
Guerrero and Morelos, with a special focus on their
morphological, chemical, and commercial quality
characteristics.

MATERIALS AND METHODS

Fruit sampling. A total of 86 samplings
were performed from April to June 2012 at 11
municipalities located in the Central, Acapulco, and
Northern regions of the state of Guerrero as well
as at 7 other municipalities in southern Morelos,
Mexico (Table 1). The coordinates and altitude of
each sampling location were determined with the
use of a Garmin eTrex® global positioning system,
while temperature and relative humidity (RH) were
measured using a RadioShack® hygro-thermometer.
For each tree that was sampled, a total of 20 fruits
were collected, all of which were visually inspected
and verified to be healthy, free from physical damage
or pathogen infestation, and at a stage of development
that corresponded to commercial maturity. These
were then transferred to the Agricultural Production
laboratory at the Autonomous University of the State
of Morelos (in Mexico) for further analysis.
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Evaluated variables. Upon arrival, the
fruits were stored at room temperature (20 + 2
°C; 60 % RH) for 12 h in order to remove the
field heat; subsequently, they were washed with
chlorinated water and dried using absorbent paper.
The mass of each fruit fraction (epicarp, mesocarp
and endocarp) was then measured using a precision
balance (OHAUS®, USA) while the longitudinal
(LD) and transverse diameters (TD) of the fruit and
its endocarp, as well as the length of the pedicel,
were measured using a digital vernier (TRUPER®).
With the diameter values obtained, a shape index of
both fruit (SI.) and endocarp (SI,) was calculated
separately using the LD/TD ratio. Epicarp color
(lightness, L*; chroma C*; and hue angle, h) was
measured on the two opposite sides of a cross
section of each fruit with the use of an X-Rite
spectrophotometer (mod. 3690) (McGuire, 1992).
Total soluble solids (TSS), titratable acidity (TA)
and the fruit’s flavor index (FI) were determined
as described by Alia et al. (2012) while pH was
measured in the same aqueous solution used for
determining the TA using the potentiometric method
(981.12) reported by AOAC (2002). Firmness
was measured using a CHATILLON® digital
penetrometer (John Chatillon & Sons, New York,
USA) equipped with a conical tip (0.6 mm height
x 0.7 mm base) by measuring the force required to
penetrate 0.5 cm into the fruit’s surface. The pulp
yield (PY), expressed as a percentage (%), was
calculated from the ratio between the mesocarp mass
and the total mass of the fruit.

Statistical analysis. The basic unit of
characterization (BUC) consisted of a single ecotype,
with one fruit comprising an experimental unit.
Ten replicates were made for each measurement
of color, size, mass, and pulp yield, whereas six
replicates were made in the case of firmness. For
all chemical evaluated parameters (TSS, TA and
pH), three replicates with two fruits comprising
an experimental unit, were used. The data were
processes by several multivariate analyses based on
Nufiez-Colin and Escobedo-Lopez (2014), where
the first step was to apply a cluster analysis using
the method of Ward (Ward, 1963). From the groups
formed of this analysis, a Discriminant Canonical
Analysis (DCA) was done. DCA aims to corroborate
if each member belonged of the group where it
was grouping by the resubstitution test. Besides,
to compare among groups by the Mahalanobis
distance test. In addition, to know the main variables
to distinguish the groups by canonical analysis as
well as the projection of the BUC in the first three

canonical roots, which was draw the graphic using
SigmaPlot® version 10. Furthermore, to know the
significance differences between groups in the first
three canonical roots, a modified MANOVA and
Tukey tests was applied based on Johnson (1998).
All analyses were calculated using SAS Software v.
8 (SAS Institute 1999).

RESULTS AND DISCUSSION

From the 86 ecotypes of Mexican plum that
were harvested, 22 constituted wild types while the
rest (64) represented cultivated varieties. From the
latter, 54 originated from the state of Guerrero and
32 from the state of Morelos (Table 1). The altitudes
where they were harvested ranged from 121 m
(Acapulco, Guerrero) to 1,244 m (Taxco, Guerrero).
The average temperature of these sampling locations
was 36 °C, with a minimum of 25.7 °C (RH > 80%)

and a maximum of 43 °C (RH < 20%).

According to the previous reports, natural
populations of S. purpurea can be found at altitudes
that range from sea level to 2000 m. Nevertheless,
Ramirez et al. (2008) in Mexico and Otzoy et al.
(2005) in Guatemala point out that the greatest
abundance of this species occurs between 0 and 60 m.
In the state of Guerrero (Mexico), the municipalities
of Tlapehuala, Cocula, Teloloapan, Quechultenango,
and San Marcos constitute the main agricultural
regions for the production of Mexican plum, while
in the nearby state of Morelos they include the
municipalities of Cuernavaca, Tepoztlan, Puente de
Ixtla, and Totolapan (AVITIA et al., 2000).

Description of characteristics and basic
statistics

Hue angle was the color parameter that
presented the greatest variation across all fruits
analyzed (CV = 45.16%) (Table 2). The maximum
values of L* and C* were found in the yellow
ecotypes M02 and M27 while the maximum values
of h occurred in the red ecotype M024. Conversely,
the ecotype with the lowest values of L*, C*, and
h was G19, a purple-colored fruit from the state of
Guerrero.

In terms of mass and length, the fruits with
the lowest values (3 g and 16 mm, repectively) were
those of ecotypes G54 and G53 — two wild, orange-
colored varieties also found in the state of Guerrero.
On the other hand, ecotype GO5 —known as ‘Costefia’
or ‘Ciruela china’—had the maximum values of mass
and length (36 g, 45 mm) (Table 2).

The variation of color that was observed
among the fruits of S. purpurea, particularly in
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terms of hue angle (h), was similar (46.4% CV) to
the value that was reported by Alia et al. (2012) and
Maldonado-Astudillo et al. (2014). After analyzing
a number of red, orange, and yellow varieties of S.
purpurea, Perez et al. (2008) concluded that color
can be a useful variable in the characterization of
ecotypes for selection and breeding. Ramirez et
al. (2008) described the presence of red, dark red,
yellow, yellow-orange, and green colors in the fruits
of Mexican plum. Similarly, Ruenes et al. (2010)
reported red, dark red, orange, yellow, and purple
colors while Alia et al. (2012) observed green (h =
105.4), yellow (h =80-90), orange (50-70 h) and red
(h = 15.4) colors in the epicarp of the fruits. The
epidermal color in S. purpurea is closely tied to the
metabolism of carotenoid pigments (yellow-red),
polyphenols (red-blue) and chlorophyll (green),
which in turn, confer antioxidant properties upon
the fruit. The antioxidant capacity varies according
to the type of phenolic compound that is present (e.g.
flavonoids), as well as in response to changes in the
content of carotenoids, vitamin C, and vitamin E. This
composition can, in turn, be influenced by the type of
species, variety, geographical origin, edaphological
conditions, state of maturity, etc. (SILVA et al.,
2012; RIBEIRO et al., 2013). However, these
characteristics have been evaluated mainly in fruits
of S. purpurea originating from Brazil (ALMEIDA
et al., 2011; SILVA et al., 2012; GREGORIS et al.,
2013; RIBEIRO et al., 2013), Costa Rica (MONGE
et al.,, 2011; ENGELS et al., 2012), and Panama
(MURILLO et al., 2010, 2012). Given the diversity
of colors that characterize Mexican varieties, it is
important to determine the composition and activity
of antioxidant compounds present in the fruits of S.
purpurea as they can constitute important sources of
such compounds for the inhabitants of the regions
where they are cultivated.

Mass and length are characteristics that have
been evaluated in S. purpurea ecotypes from the
Mexican states of Guerrero, Morelos, and Chiapas.
Perez et al. (2008) reported values for mass that
ranged from 7.22 to 33.07 g, while Alia et al. (2012)
and Maldonado-Astudillo et al. (2014) reported
values from 4.0 to 43.2 g. Vargas et al. (2011)
reported a range between 15.5 and 24.9 g in fruit from
Tabasco, while Nava and Uscanga (1979) described
variations between 8.7 and 37 g in ecotypes from
Veracruz. Finally, in the states of Colima, Jalisco,
and Nayarit (also in Mexico) Ramirez et al. (2008)
reported a variation in the masses of fruits that ranged
from 6 to 36 g.

In other countries such as Brazil, Lira Junior
etal. (2010) described values for mass that oscillated

between 9.6 and 10.6 g whereas in Ecuador, Macia
and Barfod (2000) examined fruit with masses
between 9.0 and 18 g. In terms of length, Perez et
al. (2008) reported values that ranged from 24.74
to 36.54 mm, whereas, Lira Junior et al. (2010)
reported values from 30.77 to 34.17 mm, as well
as shape indices (DL/DT) that varied from 1.35 to
1.41 and which corresponded to ovate fruits. Such
results differed from those reported by Ramirez et
al. (2008), who described globular forms (DL/DT
of 0.74 to 0.91), as well as the values reported by
Filgueiras et al. (2001) who always observed oblong
fruits (DL/DT between 1.33 and 1.35). Similar fruits
were observed by Nava and Uscanga (1979), who
described 4 different variants of rounded shapes. The
shape of the fruits collected in this study were varied
(DL/DT between 0.74 and 1.58) despite having a low
coefficient of variation (10.01). According to Bosco
etal. (1999), the fruits of Spondias may be classified
as large (> 15 g), medium (12-15 g), or small (<12 g)
based on size, and as round (DL /DT <1) or elongated
(DL/DT> 1) based on shape. However, Chitarra and
Chitarra (2005) specify that fruits with DL/DT values
closer to 1 (i.e. round) are preferred for commercial
purposes as their shape greatly facilitates cleaning
and processing operations.

Additionally, the pulp yield in S. purpurea is
not significantly influenced by either the mass or the
size of the fruit (PINTO et al., 2003). In this study,
the pulp yield varied from 31.91 % (in the ecotype
‘silvestre”) to 81.65 % (in the ecotype ‘Chilera’)
(Table 2). Similar values have been reported by
Filgueiras et al. (2001), Lira Junior et al. (2010),
Nava and Uscanga (1979), Ramirez et al. (2008),
and Vargas et al. (2012), with values that range from
65 to 86%. The pulp yield in S. mombin varies from
27.4 to 61.8 %, and the mass of fruits from 6 to 18
g (BOSCO et al., 1999; PINTO et al., 2003). On the
other hand, the yield of hybrid genotypes (S. mombin
x S . tuberosa) varies from 69.7 to 85.63 % with
mass values that range from 18 to 24 g in fruits with
rounded or oblong shapes (DL /DT of 1.14 to 1.39)
(LIRA JUNIOR et al., 2005; SANTOS et al., 2010).

The flavor index (FI) varied from 2.76
(ecotype M22) to 32.74 (ecotype G04). The TSS
content of fruits varied from 6 to 17 °Brix — values
that correspond to the ecotypes G52 (‘Amarilla de
Chile’) and M25 (“‘Conservera’) respectively. This
range was similar to the one that was reported by
Pérez et al. (2008) (12.47 to 17.43 °Brix), and Nava
and Uscanga (1979) (13 to 18 °Brix). Similarly, Alia
et al. (2012) measured values that ranged from 3.2
to 17.3 °Brix, together with FI values that fluctuated
between 3.0 and 63.2. Ramirez et al. (2008) recorded
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values from 7 to 15.6 °Brix, reporting additionally
that a higher content of TSS was present in cultivated
varieties of Mexican plum (> 12 ° Brix) compared to
wild populations. Meanwhile, Ruenes et al. (2010)
observed a TSS interval that ranged from 12.97
to 21.28 °Brix; they concluded that sweetness,
pulp content, and epicarp thickness are important
characteristics for the cultivation and marketing of
Mexican plum varieties originating from Yucatan.

Germoplasm characterization
Cluster analysis produced 5 different groupings using
a distance coefficient of 0.045 (Fig 1). Group 1 (17
fruit accessions or 19.7% of the total) consisted of
red (h =31.7), round plums of an average mass and
length, with a low proportion of endocarp and a high
pulp yield (Table 3). Group II, containing the largest
number of accessions (22, corresponding to 25.6% of
the total), consisted of predominantly oblong, yellow
fruit (h = 68.6) with relatively high values of lightness
(L* = 55.7) and chromaticity (C* = 45.9), average
mass, and a high pulp yield (68.8%). Group 3 (14 fruit
accessions or 16.3% of the total) consisted of oblong
drupes of a red-purple color (h=27.1) at commercial
maturity, and which had the largest values of mass,
length, firmness, pulp yield, and flavor index (Table
3). The wild ecotypes, on the other hand, clustered
in the remaining two groups and consisted of small
fruits with low pulp yields and a low content of TSS.
Specifically, Group IV (13 fruit accessions or 15.1%
of'the total) consisted of oblong fruits of a red-purple
color (h=27.7), while Group V (20 fruit accessions
or 23.3% of the total) consisted of ovate, acidic fruit
of an orange or pale red color (h = 35.6) and with a
low FI (Table 3).

Canonical discriminant analysis determined
that the first three roots (CR1, 2, and 3) accounted
for 95.43 % of the total variance (Table 4). The first
root (CR1) accounted for 47.36 % and was related
to the h and L* parameters of fruit color (hue angle
and lightness, respectively) (Table 5). The second
canonical root (CR2) accounted for 35.77% of the
total variance and was mainly related to acidity.
Lastly, the third canonical root (CR3) was related
to fruit firmness.

In the three-dimensional graph (Fig 2) Group
I is clearly separated from the rest of the groups
along CR1 while Group 5 is visibly separated along
CR2. Groups I, 111, and IV appear to be the closest,
albeit with differences in these components according
to the Tukey test (Table 6). Specifically, Groups I and
[T did not present any significant differences along
CR1, just as no differences were detected between
Groups I and IV along CR2 and Groups III and IV
along CR3 (Table 6).

In a preliminary study involving 46 fruit
accessions from southern Morelos, 13 from northern
Guerrero, and 8 from Chiapas (all in Mexico),
Alia et al. (2012) obtained 7 different grouping of
Mexican plums by taking into account 10 quantitative
variables and using the hierarchical clustering method
UPGMA. Specifically, the yellow-orange plums that
originated from Chiapas clustered inside 3 different
groups: Group I (which consisted of round-shaped
fruits), Group II (consisting of elliptical fruits), and
Group VII (consisting, again, of round-shaped fruits),
with the plums in this last grouping also having the
largest values of mass (33 g) and length (44 m) out
of the entire population examined. On the other hand,
the samples that originated from Morelos clustered
inside Groups III and V — both of which contained
red, oblong fruits differing in their individual values
of lightness and flavor — as well in Group V, which
contained fruit of a darker hue and of a higher FI
(31). Lastly, the yellow-orange fruits from Guerrero
clustered inside Groups I and VI, which differed in
terms of mass (15 and 11.2 g), TSS content (11.7 and
10.9 ° Brix) and FI values (19.1 and 14.3), whereas
red-colored fruits from the same region clustered
instead inside groups IIL, IV (round-shaped) and V.

Furthermore, in a 30-unit sample of S.
purpurea fruit from Guatemala, Otzoy et al. (2005)
reported the formation of three different groups.
In the first group includes three jocotes de corona
(small, intermediate and big), at the second group,
one big jocote de corona and one purple jocote, in
the third group the rest of population was included.
On the other hand, using 10 quantitative traits and
Ward’s method, Pinto et al. (2003) produced 4
different groupings from 30 genotypes of S. mombin
originating from Brazil. The first group consisted of
nine accessions that had the greatest values of epicarp
mass (11.69-16.08 g) and an average industrial
yield (3.65-6.9%); the second cluster consisted of
8 genotypes with the lowest content of TSS (7.07-
13 © Brix) and total sugars (5.78-11.30); the third
group consisted of 2 genotypes with the lowest pulp
mass (6.2 and 11.9 g) and industrial yield (2.72 and
3.81%); the fourth group had the highest number of
accessions (11) and consisted of genotypes with the
highest mass (8.5-18 g) and pulp yield (6.05-7.76%).

Using principal component analysis, Pinto
et al. (2003) determined that the second component
explained 80.92% of the variation present in the fruits
of S. mombin, and that the characters contributing the
most to the formation of the different groupings were
pulp and epicarp mass, TSS content, total sugars, and
industrial yield. At the same time, Otzoy et al. (2005)
reported that juiciness, flavor, TSS and fruit mass are
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also variables that contribute to the separation of S.
purpurea groups in fruits from Guatemala. In this
study, canonical discriminant analysis confirmed the
results obtained from cluster analysis, wherein the
separation of groups was largely based on the length,
flavor, and color components. Similar results were
reported by Alia et al. (2012) using the UPGMA
method.

Furthermore, the morphological differences
that exist between wild and cultivated populations
of S. purpurea point to the occurrence of genetic
changes during the process of domestication and
selection, probably as a result of the emergence of
new alleles or of the disappearance of wild-type
genes due to the extinction of tropical dry forests
(MILLER et al., 2006). Neto et al. (2013) during
the examination and comparison of two rural
communities of brazil regarding the knowledge,
perception of morphological variations (size fruit,
flavor fruit, shape fruit, yield pulp and fruit color),
morphological characteristics of preference at the
time of collection; evaluation on the inter- and
intrapopulation morphological differences of species

and assessment of diversity, variability and local
genetic structure of Spondias tuberosa populations
under different management regimes based on the
ISSR analysis. Pointed to the maintenance of local
genetic and morphological diversity, being it strongly
related to the management practices of the species,
especially the S. tuberosa tolerance in open areas
for farming and pasture. These differences have also
been highlighted by other authors such as Ramirez
et al. (2008) and Ruenes et al. (2010) who mention
that fruit quality of S. purpurea depends both on the
physical and morphological characteristics of the
fruit as well as in its chemical composition, which
ultimately leads to differences in the preferences of
consumers. Thus, artificial selection may have been
responsible for the observed differences among S.
purpurea ecotypes, where cultivated varieties usually
produce fruit with the best commercial attributes
(diversity of colors, sweet flavors, and larger sizes)
compared to wild populations (red or yellow color,
acidic flavors, and smaller sizes).

‘33 Groupll

:i‘i Group Ill

g;i:,_‘ Group IV

5 GroupV

:;I I I I I I I 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

FIGURE 1-Dendrogram of 86 accessions of S. purpurea in the states of Guerrero and Morelos considering

16 physicochemical characters.
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TABLE 1-Ecotypes of Mexican plum evaluated and the geographic coordinates of each sampling location.

Ecotype Sampling location Coordinates Altitude Temp RH
ID code State Municipality LN LW (m) (°C) (%)
GO1* Guerrero  Acapulco 17°1°38.3” 99°38°47.6” 250 257 84
G02-G03  Guerrero  Acapulco 16°58°10.7 99°48°39.9” 121 35 47
G04 Guerrero  Acapulco 17°1°11.9” 99°47°25.7” 311 35 49
G05-G06  Guerrero  Acapulco 17°4°37”  99°44°28.9” 480 333 50
G07-G08* Guerrero  Acapulco 17°4°37.2” 99°44°28.2 468 333 50
G09 Guerrero  Acapulco 17°7°2.61” 99°41°58.1 488 34 50
G10-G12  Guerrero Buena vista 18°32°21.7” 99°26°24.9” 1229 334 30
GI13 Guerrero  Buena vista 18°32°42.1” 99°25°59” 1123 33.5 36
G14-G15* Guerrero Cocula  18°14°11.9” 99°42°53.8” 947 32 35
G16-G17  Guerrero Cocula  18°13°18.7” 99°43°18” 1001 31.6 44
G18-G20  Guerrero Cocula  18°14°1.42” 99°39°17.8” 626 36 30
G21-G22  Guerrero Cocula  18°14°17.9” 99°39°33.1” 633 36 28
G23* Guerrero Chilpancingo 17°24°27.4” 99°27°58.5” 1200 32 50
G24-G26  Guerrero  Huitzuco  18°21°14.7 99°24°52.3” 882 41.2 <20
G27* Guerrero Iguala 18°23°29.5 99°30°15.4 904 35.5 30
G28-G29*  Guerrero Iguala 18°23°35.4” 99°29°37.3” 950 37.6 24
G30* Guerrero Iguala 18°23°6.6” 99°29°36.3 1049 38.8 <20
G31 Guerrero Iguala 18°19°58.5” 99°31°17.7 811 34 30
G32 Guerrero Iguala 18°15°15.6” 99°31°33.8 894 42 <20
G33* Guerrero  Juan R. E. 17°10°57.5” 99°31°1.3” 385 33 30
G34 Guerrero Taxco 18°28°38.2 99°34°54.8” 1244 30 50
G35-G36  Guerrero  Teloloapan 18°20°58.9” 99°40°54.6” 824 42 27
G37-G38  Guerrero  Teloloapan 18°21°1.2” 99°40°53.1” 834 42 27
G39 Guerrero  Teloloapan 18°20°16.4 99°42°7.8” 1043 38 31
G4-G41 Guerrero Tepecoacuilco 18°17°47.9” 99°27°28.4” 855 36.5 24
G42 Guerrero Tepecoacuilco 18°17°56.2” 99°26°13.5 881 385 20
G43 Guerrero Tepecoacuilco 17°59°57.7 99°32°36.6” 567 40.1 50
G44-G48  Guerrero Tepecoacuilco 18°5°48.7 99°33°42.6 750 40 <20
G49* Guerrero Tepecoacuilco 18°8°17”  99°33°12.8” 738 379 24
G50 Guerrero Tepecoacuilco 18°9°29.7” 99°33°4.09” 759 41.1 20
G51-G52  Guerrero Tepecoacuilco 18°9°42.1”  99°33°6.72” 7.66 38.7 24
G53* Guerrero Tepecoacuilco 18°11°58”  99°32°20.8” 929 388 24
G54* Guerrero  Zumpango 18°41°8.5” 99°32°6.33” 977 40.5 22
MO01-M02 Morelos  Axochiapan 18°27°38.4” 98°43°17.2” 1015 40 <20
MO3* Morelos ~ Axochiapan 18°27°52.5 98°43°28” 1009 40 <20
MO04 Morelos ~ Axochiapan 18°28°0.2 98°43°34.7 1016 36.8 <20
MO05 Morelos ~ Axochiapan 18°29°4.7  98°44°28.1 1026 38.8 <20
M06-M07 Morelos Axochiapan 18°33°21.9” 98°46°34.2” 1105 35.1 <20
MO08-M09* Morelos Coatlan del rio 18°45°35.5 99°27°29” 1062 35.5 <20
M10-M11  Morelos Coatlan del ri018°45°28.3” 99°27°28.6” 1059 38.5 <20
MI12 Morelos Coatlan del ri0 18°45°18.1> 99°27°16.9> 1057 38.8 <20
M13* Morelos Jojutla  18°36°52.9” 99°12°45.9” 940 25.7 74
M14-M18  Morelos Jojutla  18°36°56.1” 99°12°46> 932 257 74
M19-M20  Morelos Jojutla  18°34°24.1” 99°15°51.5” 925 32.6 37
M21* Morelos ~ Mazatepec  18°40°15.5” 99°22°31.6 944 36.9 22
M22-M23* Morelos ~ Tepalcingo 18°37°51.9” 98°53°54.6> 1199 36.5 <20
M24 Morelos Tetecala  18°43°26.8 99°24°20.7> 1003 43.5 <20
M25 Morelos Tetecala  18°43°50.3” 99°23°57.5> 997 36 <20
M26 Morelos Tetecala  18°41°59.3” 99°22°28.9” 960 36.5 25
M27* Morelos ~ Tlaltizapan 18°41°13.1” 99°9°1.1” 935 34.5 <20
M28-M30 Morelos  Tlaltizapan 18°41°15.3” 99°7°1.7” 952 32 24
M31 Morelos  Tlaltizapan 18°41°33.2” 99°6°52.5> 976 355 <20
M32 Morelos  Tlaltizapan 18°38°13.3” 99°0°28.2 1012 325 29

LN: Latitude north, LW: Longitude west, RH: Relative humidity. *wild ecotypes.
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TABLE 2 - Evaluated variables and their corresponding statistical parameters in the 86 ecotypes of Mexican
plum analyzed.

Variable Mean S? r Minimum Maximum CV (%)
Lightness (L*) 41.71 9.38 49.29 16.51 (G19) 65.8 (M02) 22.48
Chromaticity (C*) 36.41 9.10 59.19 7.60 (G19) 66.78 (M27) 24.99
Hue angle (h) 39.59 17.88  69.71 11.14 (G19) 80.84 (M24) 45.16
Pedicel length (mm) 6.53 2.29 15.42 1.25 (M30) 16.67 (G03) 35.01
Fruit (mm) 28.94 4.73 29.16 16.08 (G53) 45.24 (GOS) 16.35
Fruit shape (LD/TD) 1.19 0.12 0.84 0.74 (MO1) 1.58 (G31) 10.01
Endocarp (mm) 19.52 3.05 19.98 11.87 (G53) 31.85 (M30) 15.60
Endocarp shape (LD/TD) 1.54 0.23 1.48 0.81 (M04) 2.3 (G31) 15.10
Fruit mass (g) 10.87 5.21 33.0 3.0 (G54) 36.0 (GO5) 47.93
Endocarp mass (g) 1.82 0.69 5.10 0.6 (G15) 5.7 (GOS5) 38.35
Pulp yield (%) 65.61 8.44 49.74 31.91 (GO8) 81.65 (G24) 12.87
Firmness (N) 2.79 1.08 7.70 1.2 (G13) 8.9 (G38) 38.59
TSS (°Brix) 10.89 2.29 11.0 6.0 (G52) 17.0 (M25) 21.08
TA (% citric acid) 0.98 0.59 2.72 0.33 (G44) 3.05 (MO08) 60.07
FI (TSS/TA) 14.19 6.62 29.98 2.76 (M22) 32.74 (G04) 46.67
pH 3.23 0.39 3.05 1.3 (M22) 4.35 (G04) 12.31

n: 1280; S?: Standard deviation; r: Range of variation; CV: Coefficient of variation; LD: Longitudinal diameter; TD: Transverse diameter;
TSS: Total soluble solids; TA: Titratable acidity; FI: Flavor index.

TABLE 3 - Means of variables evaluated in the 5 groups obtained by hierarchical cluster analysis of 86

ecotypes of Mexican plum from the Mexican states of Guerrero and Morelos.

Group L* C* h PL FL Fs ES Es FM EM PY F TSS TA FI pH
1 37.8 342 317 6.0 296 1.1 182 14 122 1.8 71.7 25 112 0.8 158 3.2
2 55.7 459 686 58 299 12 198 14 122 2.0 68.8 2.5 11.5 09 145 33
3 33.5 264 27.1 8.1 339 12 216 18 16 22 719 40 11.5 0.6 183 3.5
4 372 352 294 6.1 27.7 12 196 1.6 82 1.7 60.6 23 105 0.8 156 34
5 414 374 356 53 232 13 172 15 55 13 591 29 97 21 47 27

L*: Lightness (0: white; 100: black); C*: Chromaticity; h: Hue angle (0 = red; 90 = yellow); PL: Pedicel length (mm); FL: Fruit
length (mm); Fs: Fruit shape; ES: Endocarp length (mm); Es: Endocarp shape; FM: Fruit mass (g); EM: endocarp mass (g); PY: Pulp
Yield (%); F: Firmness (N); TSS: Total soluble solids (°Brix); TA: Titratable acidity (%); FI: Flavor Index. Letters indicate significant
differences in each variable.

TABLE 4-Eigenvalues of the canonical roots obtained using 16 physicochemical characters from the 86
ecotypes of Mexican plum evaluated.

Canonical . 0\ Proportion of explained variance (%)  Likelihood Approximate PoF
root & Absolute Cumulative ratio F value
1 8.58 0.47 0.47 0.002 15.01 <.0001
2 6.48 0.36 0.83 0.022 11.45 <.0001
3 2.23 0.12 0.95 0.169 6.94 <.0001
4 0.83 0.05 1.0 0.547 4.4 <.0001
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TABLE 5-Total canonical structure of the total variance explained by the first three canonical roots obtained
using 16 quantitative traits from the 86 ecotypes of Mexican plum evaluated.

Variables CR1 CR2 CR3

Lightness 0.854 0.434 -0.059
Chromaticity 0.614 0.480 -0.299
Hue angle 0.927 0.337 0.017
Pedicel length -0.093  -0.485 0.345
Fruit 0.261 -0.672 0.286
Fruit shape -0.254  -0.046 0.009
Endocarp 0.126 -0.394 0.166
Endocarp shape -0.275  -0.332 0.263
Fruit mass 0.302 -0.575 0.360
Endocarp mass 0.220 -0.335 0.130
Pulp yield 0.355 -0.500 0.322
Firmness -0.137  -0.185 0.653
TSS 0.209 -0.226 0.076
TA -0.281 0.815 0.260
FI 0.154 -0.655 -0.116
pH 0.137 -0.615 -0.130

TABLE 6 -Tukey test of the canonical roots (CR) obtained from the CDA performed on the 5 groups of
Mexican plum ecotypes evaluated using 16 quantitative traits.

Group CR1 CR2 CR3
1 -0.45° -1.37¢ 2.48?
2 5.007 0.90° 1.16°
3 -1.16* -3.30¢ 0.052¢
4 -1.83 -0.58¢ -0.69¢
5 -2.76¢ 4.94 -1.77¢

Note: letters indicate statistically significant differences (Tukey, a. = 0.05)

10 ",- N

[ AT ANN

61 AN
4 N ® Groupl
% ! @ Group 2
CR3 -2 w Group 3
A Group 4
m Group5

FIGURE 2- Tridimensional representation of the 5 groups obtained from cluster analysis of 86 accessions
of S. purpurea in the states of Guerrero and Morelos with 16 quantitative variables.
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