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Although both informal and formal avocado breeding has been carried out for
over a century, current commercial avocado production worldwide is
concentrated on only a few cultivars, with ‘Hass’ dominating the global
avocado market. This narrow genetic base hinders the long-term sustainability
of the crop amid the challenges derived from climate change. For this reason,
studying the existing avocado diversity is essential and, in this work, we address
this issue by analyzing the genetic diversity of 177 avocado trees from La Palma,
Canary Islands, and comparing it with 89 avocado accessions maintained at a
worldwide avocado germplasm bank in Malaga, Spain. In the Canary lIslands,
particularly on the island of La Palma, local avocado germplasm can be found due
to the historic commercial and cultural ties with America that have lasted for over
500 years. Currently, isolated avocado trees that originated from or descended
from these transoceanic movements still persist. Using nine SRR molecular loci,
we characterized these isolated trees that have adapted to insular conditions and
often predate commercial varieties. The analyses grouped the samples by racial
origin and revealed a high percentage of interracial hybrids, likely resulting from
seeds exchange between farmers and free pollination.

KEYWORDS

genetic diversity, genotyping, germplasm, genetic erosion, microsatellites, molecular
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1 Introduction

The avocado (Persea americana Mill.) is a subtropical evergreen woody perennial fruit
tree crop within the genus Persea of the Lauraceae family. It is among the most
economically important subtropical/tropical fruits globally. Its commercial volume has
increased significantly in recent years worldwide driven mainly by its health benefits and
rising consumer demand (Dreher and Davenport, 2013; Schaffer et al., 2013). Currently,
avocados are cultivated on over 900,000 ha across more than 65 countries, with a
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production increase of 30% in the five last years, producing more
than 8 million tons annually (FAOSTAT, 2024). Despite extensive
cultivation and resulting higher production levels, the global
avocado market is dominated by a single variety, ‘Hass’, which
originated from a chance seedling nearly a century ago in California
(Crane et al., 2013; Dreher and Davenport, 2013; Chen et al., 2009)
and patented in 1935. The commercial success of ‘Hass’ began in the
1970s (Bost et al, 2013), attributed to its favorable transport
characteristics that facilitated its global expansion, and as well as
its appealing organoleptic qualities. Avocados are native to
Mesoamerica, where they have been consumed for over 10,000
years (Galindo-Tovar et al., 2008; Chen et al., 2009). P. americana is
a polymorphic species comprising at least eight botanical varieties
or subspecies that evolved under diverse edaphoclimatic conditions
and geographical isolation (Chen et al., 2009). Among these, three,
referred to as horticultural races, are of agronomic importance:
Mexican (P. americana var. drymifolia), Guatemalan (P. americana
var. guatemalensis) and West Indian (P. americana var. americana).
The West Indian race originated in lowland tropical regions, the
Guatemalan race in the valleys of Central American mountain
ranges, and the Mexican race in the highland tropics of Southern
Mexico (Bergh, 1992). These races exhibit distinct ecological
adaptations: the Mexican and Guatemalan races are better
adapted to cooler subtropical climates, with the Mexican race
being more cold-tolerant than the Guatemalan race, while the
West Indian race is more adapted to warmer tropical climates.
Recently, a new Colombian group closely related to the West Indian
race has been identified in South America (Berdugo-Cely et al,
2023). No reproductive barriers exist between the avocado races
(Alcaraz and Hormaza, 2009; 2014), and intercrossing between
them has resulted in the wide diversity of avocados that exists today
(Chanderbali et al., 2008). Most commercially grown avocado
varieties in subtropical and Mediterranean climates are interracial
hybrids between Guatemalan x Mexican races. West Indian
avocados have lower oil content in the fruit compared to
avocados from the other races (Gomez-Lopez, 2000), and
different volatile chemical profiles at the ripening (Pereira
et al., 2013).

The avocado was introduced to the Canary Islands, likely
including La Palma, by traders from Central America during the
19th century (Pérez and Sagot, 1867; Parrilla-Gonzalez, 2007), mainly
of West Indian varieties. However, some authors suggest an earlier
introduction (Garcia Cabezon, 1965; Garcia-Medina and Bello-
Gonzalez, 2015) soon after 1492, with seeds being brought multiple
times during the early days of transatlantic exploration, as many ships
traveling between Spain and the Americas stopped at the islands,
although the first documented introduction occurred in 1835. During
that year, avocado seeds, likely of the West Indian race, were sent
from Havana, Cuba, to be planted at the Jardin de Aclimatacion de La
Orotava in Tenerife, the largest of the Canary Islands (Garcia
Cabezon, 1965; Machado, 2014). These avocados were likely
propagated from seeds and planted as isolated trees in back
gardens or along the edges of orchards with other tropical or
subtropical crops, and were used primarily for domestic
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consumption (Garcia Cabezon, 1965; Galan-Sauco and Fernandez-
Galvan, 1983; 1985). Around the 1950s, fruits of quality and
characteristic of the West Indian race were observed and described
in Tenerife by Popenoe (1959). Nowadays, these avocados are locally
known as “summer avocados” because the fruit ripens in the summer
months, or as “criollo avocados” and “aguacates del Pais” (avocados
from the country) in reference to their origin. It was not until 1953,
when efforts began in Tenerife to introduce commercial varieties
from California and Florida, such as ‘Fuerte’, ‘Hass’, ‘Rincon’, or
‘Bacon’, which are interracial hybrids primarily derived from crosses
between Mexican and Guatemalan avocados. Subsequent crosses
between these introduced varieties and local germplasm of West
Indian origin resulted in new local varieties, such as ‘Orotava’, ‘Gema’
or ‘Robusto’ (Garcia Cabezon, 1963; 1965). Commercial avocado
production began in the 1970s in La Palma with the introduction,
probably from the neighboring island of Tenerife, of the most
important commercial varieties at the time, like ‘Mc Arthur’,
‘Anaheim’, ‘Rincon’, “Zutano’, ‘Topa topa’, ‘Nabal’ or ‘Orotava’,
according to unpublished lab documents from Dr. Juan Jose Bravo
Rodriguez, an agricultural researcher who promoted avocado
cultivation in La Palma during these years. Some of these varieties
were reported to be present in the Canaries by Arteaga Eiriz and
Odriozola Azurmendi (1969). This initial production and trade
focused on varieties with thin skin, which had limited shelf-life and
poor transport qualities, leading to a decline in commercialization in
subsequent years. Although references are limited, growers attribute
the decline also to the emergence of Phytophthora cinnamomi, a root
disease that devastated the crop. For years, avocado cultivation on La
Palma was largely forgotten, with the fruit being consumed only
locally. However, avocado production resurged in recent decades,
driven by the global increase in consumption and higher market
prices. In the Canary Islands, a ban has been in place since the 1980s
on importing certain tropical fruits, including avocados, to prevent
the introduction of exotic pests (BOE, 1987). Consequently, only
locally produced avocados are consumed, shielding the regional
market from competition with avocados imported from other
regions. Currently, 2,500 ha of avocado are cultivated in the
Canary Islands, mainly in La Palma (1,100 ha), Tenerife (950 ha),
Gran Canaria (300 ha), and La Gomera (44 ha) with the remaining
area distributed among the other islands (ISTAC, 2024). This
accounts for a significant portion of the more than 20,000 hectares
of avocados cultivated in Spain (MAPA, 2023). Commercial
production is concentrated on ‘Hass’ and ‘Fuerte’ cultivars, with
‘Fuerte’ harvested between November and February and ‘Hass” from
October to May.

The long history of avocado cultivation in the Canary Islands,
particularly on La Palma, suggests that this isolated population may
harbor unique genetic diversity resulting from centuries of adaptation
to local conditions. Given the island’s 500-year history of cultural and
commercial exchange with the Americas, we hypothesized that La
Palma’s avocado population would exhibit significant genetic
differentiation from commercial varieties and contain valuable
interracial hybrids that could contribute to broadening the genetic
base of cultivated avocados. To test this hypothesis, in this study, we
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performed a molecular characterization of the diversity of La Palma
local avocados focusing on those considered as old by local residents
using nine SSRs loci in order to enhance our understanding of the
avocado heritage in La Palma, which is crucial for its conservation.
Microsatellite markers have been extensively utilized to characterize
diversity in avocado (Schnell et al., 2003; Alcaraz and Hormaza, 2007;
Gross-German and Viruel, 2013; Guzman et al., 2017; Boza et al,,
2018; Canas-Gutierrez et al., 2019; Sandoval-Castro et al., 2021; Ruiz-
Chutan et al, 2023; Yangaza et al, 2024). While new generation
molecular markers are also available for avocado germplasm
characterization (Ge et al., 2019b; Kuhn et al., 2019; Talavera et al.,
2019), SSR markers remain valuable for this kind of studies since they
are easy to use and have reference data available.

2 Materials and methods
2.1 Plant material

The Canary Islands is an archipelago composed of seven volcanic
islands belonging to Spain, located in the Atlantic Ocean (29° 24’ 40” N,
27° 38 16”W) about 97 km off the coast of Morocco that is part of the
Macaronesia, a biogeographic area composed of four archipelagos in
the North Atlantic Ocean (Azores, Canary Islands, Cape Verde and
Madeira). The easternmost islands (Lanzarote, Fuerteventura), are
geologically older, have lower elevations, and are more arid, while
the westernmost islands (Gran Canaria, Tenerife, La Gomera, La Palma
and El Hierro), are geologically younger, higher in elevation and more
humid. Significant avocado cultivation is found only on these
westernmost islands, except El Hierro (ISTAC, 2024). This study
analyzed 177 Persea americana samples collected from different
localities on La Palma, Canary Islands, during 2018 (Figure 1). The
sampling was conducted based on prior information from two previous
studies (Martin-Garcia, 1996; Pérez-Hernandez, 2011). Additional
information was obtained from governmental agronomic agencies,
the La Palma Agrodiversity Center (CAP), and consultations with local
residents to ensure comprehensive coverage of avocado diversity in the
island. A reference avocado collection with 89 accessions from IHSM
La Mayora-UMA-CSIC (THSM Collection) previously characterized
with SSR molecular markers by Alcaraz and Hormaza (2007) was used
for comparison.

2.2 DNA extraction, amplification and
fragment sizing

Plant DNA extraction was performed from young leaves that were
preserved in plastic bags with silica gel until DNA extraction,
following a modified cetyl trimethylammonium bromide (CTAB)
method (Hormaza, 2002). DNA concentration was quantified using
a BioDrop plLite spectrophotometer (Biochrom US, Holliston, MA,
USA). Genomic DNA was amplified with nine selected SSR loci
(Sharon et al,, 1997; Ashworth and Clegg, 2003) (Table 1). PCR
amplification was performed in a final volume of 15ul containing
16mM(NH,),SO,, 67 mM Tris-HCI pH 8.8, 0.01% Tween-20, 20.3
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mM MgCl,, 0.1 mM of each dNTP, 0.3 uM of each primer, 20 ng of
genomic DNA, and 1 unit of BiotaqTM DNA polymerase (Bioline,
London, UK). Forward primers were labelled with WellRed
fluorescent dyes on the 5" end (Sigma-Aldrich, St. Louis, MO, USA).
Reactions were performed on a thermocycler (Bio-Rad Laboratories,
Hercules, CA, USA) with the following temperature profile (Alcaraz
and Hormaza, 2007): an initial step of 2 min at 94°C, 35 cycles of 45 s
at 94°C, 45 s at 55°C, and 1 min at 72°C, and a final step of 5 min at
72°C. PCR products were separated by capillary electrophoresis in a
CEQ"™ 8000 capillary DNA analysis system (Beckman Coulter,
Fullerton, CA, USA). Samples were denaturalized at 90°C for 120s,
injected at 2.0 Kv for 30s, and separated at 6.0 Kv for 35 min. A range
of samples were used as positive controls to guarantee size accuracy
and to minimize run-to-run variation.

2.3 Fingerprinting, genetic diversity and
population structure analyses

La Palma avocado samples were classified according to their
collection area: north, south, east and west. The following genetic
indices were calculated for both the La Palma samples and the
reference collection: number of alleles, number of private alleles,
observed heterozygosity (Ho), expected heterozygosity (He) and
Wright s fixation indices (Fis) using the adegenet (Jombart, 2008)
and the popgenreport (Adamack and Gruber, 2014) packages
implemented in R software. The results obtained were used to
cluster the La Palma samples among themselves and in relation to
the reference collection. For this, a similarity matrix using the Bruvo
coefficient was generated to create a UPGMA (Unweighted Pair
Group Method with Arithmetic Mean) clustering. Additionally, the
genetic structure of both groups was analyzed using STRUCTURE
software (Hubisz et al., 2009), with a “burn-in” of 20.000 steps, and
200.000 Monte Carlo Markov Chain replications and 50
interactions for values of k ranging from 1 to 10. To consolidate
the results, all interactions were combined using the large k greedy
algorithm using CLUMPAK software (Kopelman et al., 2015).

2.4 Genetic erosion

Five years after the initial data collection, the sampled avocado trees
were revisited to assess their survival status and, when possible,
determine the cause of death for those that were no longer alive. For
trees that could not be physically visited, their presence was verified
through Google Earth (2024) as their large size facilitated identification.

3 Results and discussion

Despite extensive research on avocado germplasm worldwide
(Lahav et al., 2024), there remains a significant gap in our
understanding of the genetic diversity of isolated avocado
populations in regions outside its center of origin in the
Americas. An example is the Canary Islands, where centuries of
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prospected in La Palma Island.

adaptation may have produced unique genetic variants. Our work
addresses this knowledge gap by providing the first comprehensive
genetic characterization of La Palma’s avocado population.

3.1 Diversity indices

A total of 177 samples of old avocado trees, morphologically
identified as belonging to the West Indian race or as old trees, collected
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on La Palma, Canary Islands, were genotyped using nine SSR loci and
compared with a reference collection of 89 avocado accessions. The La
Palma samples were classified based on the geographical origin in
west, south, east and north. Most samples were collected from the
western and eastern regions of the island. The sample size was smaller
in the southern region, where banana cultivation predominates, and
avocado trees are primarily found as isolated individuals along the
borders of banana orchards. Nonetheless, samples from this region
were included to ensure representation of avocados from across the
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TABLE 1 Repeat motif of the Simple Sequence Repeat (SSR) loci used in
this study.

Locus name Repeats

AVAG21' (TC)24

AVD001° (CDz

AVD003’ (CThio
AVD006” (TC)o(AC) 19
AVDO013” (AG)7, (GA)s, (TCT),4
AVDO17° (TC)1s, (AC)s
AVO0102? (GA)12
AVMIX03' (TG)ie (AG)2o
AVMIX04' (AG) 12, (CAA)s, (ACAG)yo

ISharon et al. (1997); 2Ashworth et al. (2003).

entire island. Although more samples were collected from the
northern region than from the south, the overall number was still
lower compared to the eastern or western regions of the island. The
northern region of the island is characterized by a colder climate,
which is less suitable for these avocado genotypes that are better
adapted to warmer conditions. However, this area was included in the
study because it hosts large avocado trees, whose seeds have
traditionally been used as seedling rootstocks for commercial
cultivars, as reported by local residents. In La Palma and other
Canary Islands, it is common practice for growers to use West
Indian genotypes as rootstocks for the production of commercial
cultivars (Hernandez Delgado and Meéndez Hernandez, 2020). The
177 samples from La Palma exhibited a total of 161 alleles, including
69 private alleles. In comparison, the THSM avocado collection,
consisting of 89 accessions, contained 150 alleles of which 61 were
private. The larger size samples from La Palma likely explains the
higher number of total and private alleles. However, these data also
highlight the significant genetic diversity among La Palma’s old local
avocados. This diversity may be attributed to the greater
representation of West Indian (WI) genotypes in La Palma, whereas
the IHSM collection predominantly comprises Guatemalan x Mexican
hybrids with limited representation of WI genotypes. In both groups,
the observed diversity was high with observed heterozygosity (Ho)
values slightly higher in the IHSM collection (0.82) compared to the
La Palma samples (0.72), while expected heterozygosity (He) was
similar in both groups (0.85 for the IHSM collection and 0.80 for La
Palma). For La Palma, this diversity could be attributed to the
introduction of highly diverse founding genotypes. These indices are
reflected in the Fis index, which was marginally lower for the IHSM
collection (0.03) compared to La Palma (0.1). These findings are
consistent with those of Alcaraz and Hormaza (2007), who also
reported positive but low Fis values in the THSM collection. The
overall low Fis values for both La Palma and the IHSM collection
indicate minimal inbreeding (Table 2A).

Avocado samples were grouped based on their collection
locations as previously described, and genetic indices were
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calculated for each group (Table 2B). The number of samples in
each group was uneven due to selection criteria prioritizing trees that
were either old, descended from old trees, or exhibited characteristics
of the Western Indian race. As a result, some geographical areas had
greater representation than others. Specifically, the western (78 trees)
and eastern (73 trees) regions together accounted for 85.3% of all
samples. Correspondingly, the total number of alleles was higher in
these regions, with 116 alleles identified in the east and 111 alleles in
the west, where sampling was more extensive. Similarly, the number
of private alleles was higher in these regions, with 24 private alleles
identified in the east and 22 in the west. Observed and expected
heterozygosity were similar across all groups. However, the fixation
index (Fis) showed slight variations. The eastern and western regions
had positive values (0.11 and 0.07, respectively). In contrast, the
northern and southern regions had negative values (-0.01 and -0.04,
respectively) likely reflecting the smaller sample size in these regions.
Comparing these results with other studies using SSR markers in
avocado is challenging due to differences in the loci analyzed and in
the number of samples. For example, Schnell et al. (2003) analyzed
428 avocado plants from the National Germplasm Repository (NGR)
in Miami (394 plants) and a set of 34 clones from the University of
California South Coast Field Station (SCES) using 14 SSR and
identified 256 alleles, and reported an average observed
heterozygosity (Ho) of 0.64. Similarly, Alcaraz and Hormaza (2007)
analyzed 75 accessions, some of which were included in this study,
with 16 SSR markers and identified 156 different amplification
fragments, also reporting a Ho of 0.64. In Tanzania, Juma et al.
(2020b) examined 226 local avocado trees grown from seeds in the
Southern highlands using 10 SSR loci, identifying 167 alleles and
reporting Ho and He values of 0.84 and 0.65, respectively. In a
separate study, Yangaza et al. (2024) examined 270 accessions from
the northern region of the country using 11 SSR loci, identifying 197
alleles and reporting Ho and He values of 0.58 and 0.72, respectively.

3.2 Genetic clustering between La Palma
and a world avocado collection

Samples from La Palma were compared with the IHSM avocado
collection and grouped using UPGMA clustering with a Bruvo
distance approximation. The results, shown in Figure 2, revealed
two primary branches or main clusters and a group of additional
samples at the base of the tree. One of the branches (I)
predominantly consists of genotypes from the IHSM collection,
with some La Palma’s genotypes interspersed. Notably, genotypes
from all geographical regions of La Palma are represented within
this branch. For example, the four genotypes from the southern
region, as well as most from the northern region, are included,
suggesting that these genotypes may have a Mexican or Guatemalan
origin, or represent hybrids of these races, since most of the IHSM
collection accessions in this group are known to belong to these two
races or their hybrids. These genotypes are likely derived from
traditional commercial varieties introduced during the last century.
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TABLE 2 Diversity indices: Number of trees (N° trees), number of alleles (N° alleles), number of private alleles (N° private alleles), observed
heterozygosity (Ho), expected heterozygosity (He) and fixation index (Fis).

A) La Palma and IHSM La Mayora Collection.

Samples N° trees N° alleles N° private alleles Ho He Fis
La Palma 177 161 69 0.723 0.802 0.098
THSM collection 89 150 61 0.821 0.851 0.034

B) La Palma: west, south, east and north.

Area N° trees N° alleles N° private alleles Ho He Fis
West 78 111 22 0.717 0.772 0.07
South 4 40 1 0.861 0.829 -0.042
East 73 116 24 0.69 0.782 0.114
North 22 89 15 0.828 0.818 -0.01
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FIGURE 2

UPGMA dendrogram based on the Bruvo similarity index, illustrating the relationship between La Palma samples and IHSM La Mayora avocado
collection. The samples are represented with different colors (right legend) depending on their geographical origin in La Palma island and from the
ex situ collection maintained at the IHSM La Mayora in mainland Spain. The two main branches generated, related with racial origin, are indicated
with a dotted line with different colors (left legend).
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This branch also includes genotypes from the western and eastern
regions of La Palma, indicating the presence of diverse genotypes or
racial groups in these areas. Within this larger cluster, a smaller
branch is closely associated with ‘Fuerte’, one of the earliest cultivars
introduced for commercial production in the Canary Islands
(Garcia Cabezon, 1965). Although these samples were identified
as old by locals, they were introduced after the mid-20th century to
assess their potential production. Another large cluster (II), located
at the bottom of the dendrogram, includes only samples from the
western and eastern parts of the island. These samples are
associated with specific accessions from the IHSM La Mayora
collection, known to have components of West Indian genotypes,
such as ‘Fuchs 20, ‘Maoz’, ‘Deganiall?7’, ‘Ashdot17’, or ‘RR86’, as
confirmed by previous studies (Alcaraz and Hormaza, 2007;
Talavera et al., 2019; Cohen et al., 2023). This group also includes
other genotypes associated to the West Indian race, such as Julian’,
‘ICIA2’, ICIA3’ and ‘ICIA4’, which were developed at the Instituto
Canario de Investigaciones Agriarias (ICIA) in the Canary Islands
(Gonzalez-Carracedo et al, 2022). Only one sample from the
northern part of the island was identified in this group. A small
group of samples from La Palma in the base of tree that comprises
genotypes as ‘Topa-Topa’, ‘Reed’ or ‘Nabal’ genotypes considered as
Mexican or Guatemalan race or hybrids between them (Talavera
et al,, 2019; Gonzalez-Carracedo et al., 2022). This group shows
greater genetic distance from the other clusters. According to
unpublished laboratory records by Dr. Juan José Bravo Rodriguez,
these genotypes were introduced to La Palma, during the
last century.

10.3389/fpls.2025.1572870

3.3 Genetic structure of La Palma and a
world avocado collection

The IHSM La Mayora collection and the samples prospected
from La Palma were analyzed using a Bayesian algorithm
implemented in STRUCTURE software. This analysis revealed
clear population differences between the two groups for all values
of k tested (Figure 3). As the value of k increased, the population
structure of La Palma samples remained largely consistent,
primarily in the western and eastern regions of the island.
However, new colors emerged in La Mayora collection and in the
southern and northern regions of La Palma, indicating greater
genetic differentiation among these groups of samples.

Analyzing the La Palma samples by geographical region
revealed greater genetic similarity between the western and
eastern regions, as well as between the southern and northern
regions. This observation is consistent with the UPGMA clustering
analysis, which indicates an affinity with the West Indian race in the
western and eastern regions. Conversely, genotypes with
Guatemalan x Mexican ancestry were more frequent in the
southern and northern regions, although some were also found in
the western and eastern regions. Additionally, when considering
k=2, hybrids between both groups are observed. Based on these
results, it is likely that the current diversity in La Palma avocado
trees has been generated through interracial crossings facilitated by
free cross-pollination over time. This finding is significant because it
highlights the potential of La Palma’s diverse avocado genotypes for
future agronomic evaluation. The presence of interracial hybrids

1,
o,,(;5

g R A T

FIGURE 3

Inference of population structure based IHSM La Mayora avocado collection, 89 accessions, and 177 La Palma avocado genotypes across four
geographical areas; west, south, east, and north, using Bayesian simulations for k=2 to k=6.
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has previously been documented in Canary Islands (Galan-Satco
and Fernandez-Galvan, 1983), especially in Tenerife (Parrilla -
Gonzalez, 2007). Intercrossing between genotypes has also
occurred in other regions, such as Guatemala, where the historical
events, ecological conditions, and reproductive traits have shaped the
final diversity (Ruiz-Chutan et al., 2023). Similar processes have been
observed in non-native avocado growing regions, such as China
(Ge et al.,, 2019a; Liu et al.,, 2020) and Tanzania (Juma et al., 2020a).

In the case of k=2, 18 samples from La Palma had a higher
assignment probability (>0.99) to the population represented by orange
color in the Bayesian analysis, which is practically exclusive for this
group. The alleles of these samples were compared to those in the
IHSM La Mayora avocado collection to identify possible matches with

10.3389/fpls.2025.1572870

known genotypes. Although no exact allele matches were found,
certain alleles at specific loci were present in samples from the
collection known to be associated to the West Indian race. These
alleles include: 178 and 218 in AVAG21, 228 in AVDO001, 192 in
AVDO003, 312 and 326 in AVDO006, 220 in AVDO013, 177 in AVDO017,
192 in AVDI102, 143 and 152 in AVMIXO03, and 175 in AVMIX04.
This data suggests that the samples associated with the West Indian
race in La Palma represent a heterogeneous group, with diverse
genotypes introduced in the past. This is further supported by the
morphological diversity observed in these samples.

The population structure for k=3 is shown on a map of La Palma
(Figure 4). Based on these results, the orange genetic cluster, associated
with Western Indian genotypes, was detected only in the western and
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FIGURE 4

Population structure inference based on 161 alleles across 177 La Palma avocado genotypes using Bayesian simulations. CLUMPAK results (k= 3) for
each genotypes sampled in a bar and like pies charts illustrating admixture proportions across four geographical: west, south, east and north.
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eastern regions of the island. These areas, with warmer climates, are
suitable for these genotypes. These genotypes were frequently found in
old farms, originally used for sugar cane cultivation, which were later
replaced by banana crops that remain dominant today (Rodriguez-
Hernandez et al., 2022). Historical records suggest that farm owners
with trade connections to the Caribbean or Antilles brought seeds from
these regions and planted tropical trees near ports and within colonial
homes (Parrilla-Gonzalez et al., 2012). This included not only avocados
but also species like rose apple (Syzygium jambos (L.) Alston), coffee
(Coffea arabica L.), guava (Psidium guajava L.), mango (Mangifera
indica L.), and other edible fruit trees (Pérez-Hernandez, 2011). In
contrast, the West Indian genetic component was almost absent among
the analyzed genotypes in the northern and southern regions of the
island, although some tall and vigorous trees, characteristic of this race,
were present. This exuberance is likely due to the more humid
environmental conditions in these areas. Identifying West Indian
avocados or their hybrids is significant because these genotypes are
traditionally used as rootstocks and are known for their tolerance to
Phytophthora cinnamomi (Schnell et al., 2003), saline soils (Lazare
et al,, 2021), and irrigation with recycled water (Cohen et al., 2023).

3.4 Genetic erosion and conservation of
old local avocado trees on La Palma island

To assess the conservation of avocado genetic resources, the trees
included in the study were revisited five years later to record their
survival status and to identify possible causes for any losses. Of the
original 177 trees, 9 trees were no longer present, representing a 5%
loss. Among these, five of these trees had been cut down, and four
were buried as a result of a recent volcanic eruption (Taddeucci et al.,
2023). Although volcanic events are rare, they can occasionally lead to
the loss of genetic resources in affected areas. The gradual loss of
avocado trees over time in La Palma is not a new phenomenon, as
earlier studies have documented trees that no longer exist (Martin-
Garcia, 1996). However, despite these losses, the extant germplasm
could still contribute to improve the current avocado commercial
diversity. Previous studies have focused on this direction, mainly
addressing tolerance to root diseases (Gallo-Llobet and Siverio, 1997).
Future studies should prioritize leveraging this genetic diversity to
tackle emerging challenges in avocado cultivation. These include
declining irrigation water quality and availability, as well as soil
degradation, which threaten the sustainability of avocado production.
Harnessing the genetic potential of these traditional trees could
ensure the resilience and productivity of avocado crops in changing
environmental conditions.

4 Conclusions

This work highlights the significant avocado diversity present
on La Palma island. The results indicate that this diversity is the
product of the historical introduction of the three main
horticultural avocado races over time followed by subsequent
intercrossing among them. The West Indian race, prevalent
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among many old trees, exhibits specific agronomic characteristics,
such as ripening timing, tolerance to saline soils, or resistance to
root diseases. The hybrids generated and cultivated in La Palma,
likely possess a combination of agronomic and local adaptation
traits of significant interest. Therefore, evaluating this germplasm is
essential to determine their full potential and suitability for
addressing current agricultural challenges, such as climate
resilience and sustainable farming practices. Moreover, conserving
this germplasm should be a priority to ensure its availability for
future avocado agricultural innovation and improvement efforts.
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