Ciéncia Rural, Santa Maria, v.49:05, €20180514, 2019 http://dx.doi.org/10.1590/0103-8478cr20180514

ISSNe 1678-4596
CROP PRODUCTION

Social and environmental factors in the diversity of tomato landraces
from the South-Central region of Mexico

Aurelio Hernindez-Bautista'
Mario Rocandio-Rodriguez**

Yolanda del Rocio Moreno-Ramirez!
Fernando Castillo-Génzalez!
Sandra Grisell Mora-Ravelo?

Porfirio Ramirez-Vallejo'
Venancio Vanoye-Eligio®

"Postgrado en Genética. Colegio de Postgraduados (COLPOS), Campus Montecillo, Texcoco, Edo. de México, México.
nstituto de Ecologia Aplicada, Universidad Autonoma de Tamaulipas (UAT), Division del Golfo 356, C.P. 87019, Col. Libertad, Cd. Victoria,
Tamaulipas, México. E-mail: mrocandio@docentes.uat.edu.mx. “Corresponding autor.

ABSTRACT: In the present study, we investigated the influence of social and environmental factors in the genetic diversity of tomato landraces
in the South-Central region of Mexico. A total of 30 tomato landraces, collected in 18 villages with different ethnolinguistic affiliations, were
analyzed. We reported that the genetic diversity of tomato landraces is associated with the ethnolinguistic group, weather, and soil-type present
in the region studied. Our results showed that there are morphological differences between landraces grown by different ethnolinguistic groups;
however, there was also evidence of morphological similarities between landraces from groups with different ethnolinguistic affiliations.
Finally, different selection criteria, mainly fruit color, size and shape, plays an important role in the phenotypic divergence among landraces
grown in different traditional farming systems.
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Influéncia de fatores sociais e ambientais na diversidade de variedades
crioulas de tomateiro da regido Centro-Sul do México

RESUMO: No presente estudo investigamos a relagdo da afiliacdo etnolinguistica com a diversidade genética de variedades locais de tomate
na regido Centro-Sul do México. Um total de 30 variedades de tomate, coletadas em 18 aldeias com diferentes afiliagoes etnolinguisticas,
foram analisadas. Verificamos que a diversidade genética das variedades crioulas de tomate estd associada ao grupo etnolinguistico
presente na regido estudada. Nossos resultados mostram que existem diferengas morfolégicas entre ragas cultivadas por diferentes grupos
etnolinguisticos. No entanto, também houve evidéncias de semelhangas morfologicas entre ragas de grupos com diferentes afiliagoes
etnolinguisticas. Finalmente, diferentes critérios de selegdo, como, principalmente, cor, tamanho e forma dos frutos, desempenham um papel
importante na divergéncia fenotipica entre as variedades crioulas cultivadas em diferentes sistemas agricolas tradicionais.

Palavras-chave: Diversidade cultural, Populagdo nativa, Variabilidade fenotipica, Variedades de tomate.

INTRODUCTION an attractive source of genes with high agronomic
importance for breeding programs.

The genetic variability present in Although, the genetic diversity of

Mesoamerica and the Andes regions is broader
than that observed in the European cultivars
(VILLAND et al., 1998). Specifically, in the Central
and Southern regions of Mexico, wide phenotypic
diversity in fruit size and shape has been observed
in natural populations including wild populations
(ALVAREZ-HERNANDEZ et al, 2009) and
cultivated landraces (AGUILAR & MONTES,
1993). Diversity in shapes, colors and sizes of
tomato fruit as well as the commercial quality
observed in the native germplasm was reported to be

landraces and their breeding potential is well known
(CARRILLO-RODRIGUEZ & CHAVEZ-SERVIA,
2010; ESTRADA-CASTELLANOS et al.,, 2011),
information about the impact of ethnolinguistic
effects on tomato diversity is yet limited.

The use and management of native
varieties satisfy multiple objectives and impact
the biological, economic, and cultural plurality of
traditional agrosystems (CAMACHO et al., 20006).
These systems, besides being notably diverse,
promote and conserve genetic resources and define
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domestication processes (ENJALBERT et al., 2011).
Today, tomato landraces form part of production
systems in a broad spectrum of ecosystems
(SANCHEZ-PENA et al., 2006).

These landraces are cultivated in
traditional gardens for home use and for sale in local
and regional markets (DEL ANGEL-PEREZ &
MENDOZA, 2004). The process of fruits selection
based on a few attributes, especially fruit size and
shape (GRANDILLO et al., 1999), for obtaining
seeds has caused genetic differentiation among
populations grown by farmers. The objective
of the present study was to understand how the
ethnolinguistic, weather, soil-type and elevation
factors influenced the phenotypic diversity of
tomato landraces cultivated by farmers affiliated
with different ethnolinguistic groups.

MATERIALS AND METHODS

The sampled villages were located in the
South-Central region of Mexico that is considered
part of the Mesoamerican region of Mexico. The
study was performed in 18 villages (Figure 1). The
altitudinal gradient of the study area ranged from 10
to 2199 meters above sea level (m.a.s.l.).

The altitude was classified in three
categories; low (0 — 800 m.a.s.l.), middle (801-1600

m.a.s.l.) and high (1601-2200 m.a.s.l.). According
to the Koppen classification modified by GARCIA
(1988), the region studied was characterized by 7
different climates: (A)cf, Cw,b’, Aw, Awl, A(C)
w,, Cw,b” and Bs,. The information about soil type
of each sampled site was obtained from database of
CONABIO (2019). The study included a total of 5
different ethnolinguistic groups. Specifically, we
visited the north region of Puebla State, characterized
by the Nahuatl language; an interstate region located
between Puebla and Hidalgo states, where two
different ethnolinguistic groups (Nahuatl and Otomi)
were established; the center-west region of Oaxaca
State, where the Zapoteco indigenous language is
more predominant; the Central region of Guerrero
State, characterized by the indigenous language
Mexicano; and the Southeast region of Mexico,
comprising the states of Campeche and Yucatan,
where the language Maya is still spoken.

The sampling strategy was based on
fields and traditional gardens from 18 villages in the
South Central region of Mexico. Local farmers were
contacted by the village heads to determinate the
sampled site inside of each village. In each village,
the number of visited household ranged from one
to three households per village, giving a total of 30
farmers surveyed. The interview was conducted to
know their criteria for seed selection, common use of

ethnolinguistic origin.

Figure 1 - Geographical location of sampled tomato landraces. Each landrace
or population is represented with a figure shape, according to the
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fruits and obtaining seed. Of each farmer surveyed,
we obtained on composited sample which represented
one population. Therefore, a total of 30 samples
or populations were obtained from 18 villages.
We obtained a composited sample of 6 kg of fruits
and 60 flowers collected from a total of 50 plants
randomly chosen. The number of fruits per sample
ranged from 40 large fruits to 240 small fruits. In situ
observations were made from 2012-2014. Finally,
the identification of landraces was determined by the
information given by the local farmers and previous
research performed in the study area.

Morphological descriptions were made
based on the 14 characteristics. These variables
were grouped into two categories: i) Flower traits:
number of petals (mm, NP), length of petals (mm,
LP), number of sepals (mm, NS), length of sepals
(mm, LS), length of staminal column (mm, LSC) and
length of the flower style (mm, LFS); and ii) Fruit
size and shape traits: chroma (Chr), luminosity (LM),
hue (FH), average fruit weight (g, WF), fruit diameter
(mm, FD), fruit length (mm, FL), pericarp thickness
(mm; PTk), locule number (LN) and fruit shape index
(relationship diameter/length). Color-related traits
were measured using the Hunter Lab™ colorimeter
(model ColorFlex EZ, VA, USA), where the
parameters L*, a" and b* were obtained and evaluated
in the equatorial zone and the distal end. Using
these parameters, the estimation of fruit chroma,
hue and luminosity were performed according to the
procedure suggested by DARRIGUES et al. (2008).

To know if factors such as ethnolinguistic
grouping, weather and elevation influence the
tomato morphological diversity, a permutational
multivariate analysis of variance was performed. The
permutational multivariate analysis of variance was
performed using the package vegan (OKSANEN et
al., 2015) developed for the R statistical program
(R CORE TEAM, 2014). This non-parametric
test consists of partitioning the distance matrix in
sources of variation (ANDERSON, 2001). For this
analysis, we set 10,000 permutations to estimate the
F statistics and used a significance level of 0.01 to
reject the null hypothesis.

Population structures based on floral and
fruit traits were measured by principal components
analysis (PCA) and hierarchical clustering. These
two tests were employed separately for each set of
variables (flower or fruit traits) and combined all
variables. For PCA, data were centered by subtracting
the mean from each variable in each observation and
dividing by the standard deviation. For the hierarchical
clustering analysis, similarity relationships among the

30 populations were established with the Euclidian
distances, and the hierarchical clusters were defined
by the unweighted pair group method with the
arithmetic mean (UPGMA). Determination of
clusters was supported with the statistical criteria AP
p value (SHIMODAIRA, 2004).

For each cluster, a p value was calculated
via a multiscale bootstrap analysis with 1000
bootstraps and o=0.05. A multiscale bootstrap
analysis was performed using the average method
and correlation-based dissimilarity matrix, using
the pvclust package (SUZUKI & SHIMODAIRA,
2006). Finally, we employed a Tukey test (a=0.05)
to detect the main causes of the phenotypic
divergence observed among the landraces grown
within each geographic region.

RESULTS

According to the results, the most of
growers obtain the seed of own production and their
agricultural production is for own consumption
(Table 1). However, different selection criteria are
used by growers during the selection of fruits. In
general, all growers use the fruit shape as criteria
selection of fruits. Additionally, it was observed that
exocarp thickness, color and difficult to remove
the exocarp are others criteria frequently used by
growers with ethnolinguistic affiliation Nahuatl
and Otomi. In contrast, growers speaking Maya
and Zapoteco consider the firmness as an important
criterion during the selection of fruits.

For a full understanding of the effects
of social and ecological factors in structuring
populations, a permutational multivariate analysis
of variance was performed with a significance level
of 0.05. The permutational multivariate analysis of
variance showed that the ethnolinguistic, weather and
soil-type effects were significant in the combined,
flower and fruit traits analyses (P<0.01) (Table 2).

According to the sum of squares and
coefficient of determination (R?), the ethnolinguistic
factor had a greater effect than the weather. These
results indicated that the ethnolinguistic diversity
played a more important role in structuring
morphological diversity in the studied region.

To understand the links between the
morphovariability of tomato fruit and ethno-
linguistic, weather and soil-type effects, a PCA and
clustering analysis was performed on morphological
traits (Figure 2 and 3). Based on the combined
analysis, the linear combination of the 15 traits
explained nearly 48% of the phenotypic variability
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Table 1 - General description of the selection criteria used by growers, use of production and seed source.

Ethnolinguistic affiliation

Characteristic Otomi Nahuatl Maya Zapoteco Mexicano
Origin of seed (%)
Own fruits 80 80 91 75 80
Local marketing 20 20 9 25 20
Selection criteria used by growers (%)

Fruit shape 100 100 100 100 100

Exocarp thickness 60 20 9 0 0

Color 80 20 0 0 0

Difficult to remove the exocarp 100 20 45 0 0

Firmness 0 0 64 100 0

Other 20 0 0 0 0

Use of production (%)

Self-Consumption 54 60 61 8 56

Local sale 46 40 39 92 44
through the first two PCs (Figure 2A). The first size. Specifically, the number of petals and sepals,
component divided the populations according to the length of petals and sepals and locule number were
size and number of floral structures, whereas the the attributes that most contributed to determination
second component grouped the landraces by fruit of the first component. The second component was

Table 2 - Permutational multivariate analysis of variance for fruit and flower traits.

SV Df Sum of squares Mean squares F R? Pr(>F)
Combined analysis

Ethnolinguistic affiliation 4 0.48734 0.12184 32.547 0.51926 0.0001
Elevation 2 0.00829 0.00414 1.107 0.00883 0.3509
Weather 4 0.04156 0.01039 2.775 0.04428 0.0025
Soil type 7 0.13182 0.018831 5.031 0.14045 0.0001
Residuals 72 0.26952 0.00374 0.28718

Total 89 0.93853 1

-Analysis for fruit traits

Ethnolinguistic affiliation 4 0.73808 0.18452 37.011 0.55429 0.0001
Elevation 2 0.00875 0.00437 0.877 0.00657 0.482
Weather 4 0.05284 0.01321 2.649 0.03968 0.0071
Soil type 7 0.17296 0.02471 4.956 0.12989 0.0001
Residuals 72 0.35896 0.00499 0.26958

Total 89 1.33159 1

Analysis for flower traits

Ethnolinguistic affiliation 4 0.05152 0.01288 7.9269 0.21123 0.0001
Elevation 2 0.00648 0.00324 1.9939 0.02657 0.0845
Weather 4 0.02382 0.00595 3.664 0.09763 0.0006
Soil type 7 0.04511 0.00644 3.9655 0.18492 0.0001
Residuals 72 0.117 0.00163 0.47965

Total 89 0.24393 1
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traits (B), and analysis of flower traits (C).

Figure 2 - Population structure of tomato landraces based on the combined analysis of fruit and flower traits (A), analysis of fruit

associated with the average fruit weight, fruit length,
fruit shape index and pericarp thickness. Based on the
AP p value criteria, the clustering analysis grouped
the landraces into two sets (Figure 3A). With the
exception of one landrace, the grouping of each
landrace was associated with their ethnolinguistic
origin. In the PCA performed exclusively with fruit
traits, the first two principal components explained
about 55% of the total variation. The first component
alone (PC1) accounted for 31% of the total variation,
and the second component (PC2) accounted for 24%
of the variation (Figure 2B). The first component
was positively associated with fruit diameter, fruit
length, and luminosity and was negatively associated
with fruit shape index. The second component (PC2)
was positively correlated with locule number and
negatively correlated with average fruit weight,
pericarp thickness, hue, and chrome. According to
the results of the clustering analysis, the two main
geographic groups were distinguished in the study
population (Figure 3B). The first region (1) was
formed mostly by the states of Puebla and Hidalgo,
whereas the landraces located in the Southern central
region belonged to the states of Guerrero, Oaxaca,
Campeche, and Yucatan. The populations of the first
region were shown to have fruits with small size and
a semi-spherical shape. In contrast, the populations
belonging to region 2 showed heavy fruits with
large size and with a very thick pericarp (Table 3).

Additionally, the cluster analysis identified two and
four subgroups from regions 1 and 2, respectively.
For region 1, the first subgroup, or ecological niche,
was formed by villages in the municipalities of Jopala
and Zacatlan of Puebla State, whereas the second
ecological niche was in villages located between the
geographic limits of Puebla and Hidalgo. Regarding
region 2, the first subgroup was represented by a major
proportion of populations from the state of Guerrero,
the second subgroup by villages from Yucatan and
Campeche, and the third and fourth subgroups by
villages from the states of Yucatan and Oaxaca.
Population structuring, revealed by PCA
performed with floral structures, did not show a
relationship with cultural diversity (Figure 2C). The
first and second components explained 79% of the
total variance. Length of petals, pals and staminal
columns were the attributes that most contributed to
the first component, which explained 50% of the total
variation. The second component explained 29% of
the variation and was characterized by the number
of petals, number of sepals and length of pistil scar.
Cluster analysis produced results similar to those
of the PCA. The landraces were divided into seven
clusters (Figure 3C). Interestingly, such clusters did
not show differences with respect to the length of the
stamina column and length of the flower style.
Comparisons between means for two
regions are provided in table 3. Results of the Tukey

Ciéncia Rural, v.49, n.5, 2019.
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Figure 3 - Grouping of landraces of Solanum lycopersicum considering fruit and flower traits (A), fruit traits (B), and flower traits (C).

test indicated that the phenotypic differentiation
between the two geographic regions was due to
significant differences (p<0.05) between average
fruit weight, fruit diameter, fruit length, pericarp
thickness and fruit shape index. Specifically, in the
Southern region, we reported fruits with a larger size
and a much greater weight in comparison to the fruits
collected in the Central region.

DISCUSSION

Genetic diversity in crops is affected by
environmental, social and genetic factors (PERALES
et al., 2005, HEERWAARDEN et al., 2010). In
particular, BRUSH & PERALES (2007) argued
that the social factor plays an important role in the
maintenance of particular landraces in specific
ecological niches. Additionally, VIGOUROUX et
al. (2008) and VAN HEERWAARDEN et al. (2011)
observed that maize diversity is associated with
elevation, suggesting that elevation is an important
factor affecting the population structure of maize
landraces. Our results showed that the ethnolinguistic,
weather and soil-type factors were more important
for explaining the tomato diversity than the altitude.
However, ethnolinguistic affiliation played the more
important role in the population diversity of tomato
landraces than the rest of factors. These results
suggested that the population diversity of tomato
landraces is strongly affected by the ethnolinguistic

diversity present in the Mesoamerican region of
Mexico. Our results are in agreement with those
reported by OROZCO-RAMIREZ et al. (2016), who,
in their research performed on maize, showed that
social factors are more important in the gene flow
than the elevation was.

HAYDAR et al. (2007) argued that the
flower and fruit characteristics were the main attributes
manipulated during the tomato domestication
process. However, it is not clear how these two traits
have affected the population structure of the tomato
landraces planted in the Mexican Mesoamerican
region. For this reason, a principal components
analysis and cluster analysis were performed on
floral and fruit traits. These analyses showed that
fruit size of tomato was distributed in two regions
in Mexico, namely Central and Southern, with the
Southern region covering the largest geographical
area. The landraces were grouped according to their
ethnolinguistic affiliation. In contrast, the first two
principal components and clustering analysis, based
on flower structure traits, did not group the landraces
according to their social origin. These results
indicated that the tomato variability based on fruit
traits is strongly influenced by cultural grouping. The
main reason of this association could be the selection
criteria used by local farmers for choosing seed.
Based on the information from farmers in the study
region and from RIOS-OSORIO et al. (2013), the
farmers choose the seed according to some agronomic

Ciéncia Rural, v.49, n.5, 2019.
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Table 3 - Comparison of groups detected by the clustering analysis under UPGMA criteria.

--------- Cluster 1*---------- --—————--Cluster 2 General
Trait e Population--------
Mean SD Mean SD Mean SD
Fruit traits
Average fruit weight (g) 16.62 b 5.58 55.33 a 1259 41.14 21.66
Locule number 6.09 0.77 6.00 1.44 6.03 1.22
Fruit diameter (mm) 40.13 b 9.20 4791 7.67 45.06 8.96
Fruit length (mm) 25.70 b 4.71 35.22 a  8.05 31.73 8.35
Pericarp thickness (mm) 4.44 0.69 5.17 1.21 4.90 1.10
Luminosity 30.45 2.60 30.78 2.45 30.66 2.46
Hue 0.56 0.08 0.56 0.12 0.56 0.10
Chroma 20.51 1.80 21.05 2.56 20.86 2.29
Fruit shape index 1.58 a 0.15 1.40 b 022 1.46 0.22
Flower traits

Number of sepals 7.14 0.62 6.81 0.65 7.00 0.65
Number of petals 7.17 0.64 6.80 0.64 7.01 0.66
Length of petals (mm) 16.52 1.38 16.40 1.77 16.47 1.53
Length of sepals (mm) 13.45 2.11 13.55 2.29 13.50 2.15
Length of the flower style (mm) 10.19 0.84 10.36 0.79 10.26 0.81
Length of staminal column (mm) 9.81 0.88 9.65 0.53 9.74 0.74

“grouping based on the combined analysis.

°Groups sharing the same letter are not statistically different, using p <0.05 for the Tukey test.

requirements, such as the fruit size, shape, color, and
health. Therefore, fruits exhibiting a specific shape
and excellent health are preferred for seed. Such
selection criteria reported in our study is consistent
with that reported by TANKSLEY (2004) and BAI
& LINDHOUT (2007), who argument that the fruit
has been the main biological selection criterion used
by early farmers since the tomato domestication. The
main reason to use the fruit as the selection criterion
during the domestication process was because the
extracted seed from large fruits resulted in cultivars
with larger fruits; this situation led to reductions in
the harvesting time (TANKSLEY, 2004).

Seed exchange of traditional tomato is
a practice that is commonly utilized by farmers
in different regions of Mexico (ESTRADA-
CASTELLANOS etal., 2011; RIOS-OSORIO et al.,
2013). In the present study, the clustering analysis
identified two main groups, but several subgroups
were also observed within each of the main groups.
Some subgroups were formed exclusively by
landraces from one specific ethnic group; however,
there were also subgroups consisting of a mixture of
landraces with different social origins. In particular,
in the Central region, two subgroups were observed;

one subgroup was formed by landraces grown by
farmers speaking the language Nahuatl, and the other
subgroup was formed from a mixture of landraces
with different cultural origins (Ndhuatl and Otomi).
The combined grouping reported in the Central
region was due to the fact that the landraces were
located in a geographic area where the Nahuatl and
Otomi villages were close to each other; therefore,
it is highly probable that seed was exchanged. In
this sense, RIOS-OSORIO et al. (2013) provided
proofs that traditional farmers from a region of
Oaxaca obtain their native tomato seed in the local
markets where many farmers from different villages
converge to offer their fruits. Therefore, it is highly
probable that the seed exchange between farmers
with similar or different ethnolinguistic origins
may happen. Concerning to the Southern region,
most of the subgroups were formed of landraces
from villages located in the Maya region. However,
it is not possible conclude that these different
ethnolinguistic affiliations (Maya, Mexicano and
Zapoteco) showed a possible interaction due to
the wide distance between the sampling points. All
previous results are in agreement to those reported by
JIKA et al. (2017), who studying the ethnolinguistic
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effect on the pearl millet diversity in the Lake
Chad Basin, reported that different ethnolinguistic
affiliation causes a limited gene flow between
landraces within one specific region. However, they
also observed in other regions that there was marked
gene flow between populations grown by different
ethnolinguistic groups.

CONCLUSION

Morphological diversity of tomato
landraces due to floral and fruits traits is more
strongly influenced by the ethnolinguistic grouping
than by differentiation in environmental factors.
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