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Abstract: The maintenance of traditional agricultural practices in protected small islands is closely linked to
the preservation of the land, the protection of natural resources, and the conservation of local traditions. For
this purpose, the Tuscan Archipelago National Park promoted the census of ancient horticultural varieties
preserved by some farmers on the island of Elba. The survey revealed a deep-rooted historical, cultural, social,
and economic link between this germplasm and the island’s territory. A scientific characterization of the
landrace under ethnobotanical, morphological, and genetic aspects was carried out. Among these local
varieties, two landraces of the Brassica species and three landraces of the Phaseolus species were identified and
analyzed in this study. To ascertain their distinguishability and uniqueness, similar varieties were also
identified based on morpho-physiological characteristics or territorial proximity and compared with the Elban
landraces. Morpho-phenological data were collected, and molecular analyses were carried out using Simple
Sequence Repeats (SSR) markers. Ten different SSR loci were considered for the Phaseolus species and nine for
the Brassica species. The Tuscan Archipelago landraces showed a high level of internal variability but were
clearly distinct from each other and from the analyzed varieties, as shown by AMOVA (Analysis of Molecular
Variance). Their distinctness was further highlighted by the UPGMA dendrogram obtained from the genetic
distance matrix. The same results were confirmed by Principal Coordinate Analysis (PCoA). This study
confirms the peculiarity of the Elban landraces, their biodiversity is a heritage to be safeguarded, which can
also be used in future breeding programs. These ancient Elban landraces were allocated to local farmers (most
were young farmers) to protect them from extinction and to promote more resilient varieties cultivation
compared to commercial hybrids widely spread in the area. Local farmhouses also play a strategic role in
safeguarding the germplasm and dissemination of sustainable agricultural practices. There is high demand for
ancient Elban landraces, this has led to the development of a new local economy balanced between agricultural
tradition and innovation.

Keywords: landrace; local germplasm; on-farm conservation; Biosphere Reserve; custodian farmers;
SSR markers; population structure

1. Introduction

The central role of agriculture and farmers in biodiversity conservation is recognized by the UN
2030 Agenda, and the European Biodiversity Strategy, implemented in Italy with the National
Biodiversity Strategy (2023). This document sets out the lines of action to ensure the integration
between the country's development objectives and biodiversity protection. In Italy, the expansion of
sustainable agricultural practices is a priority of the 'National Strategy for a Sustainable and Inclusive
Agricultural, Food and Forestry System'. This document aims to promote the conservation and
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enhancement of plant genetic resources important for agriculture and food, with a particular focus
on landraces threatened by erosion or extinction [1].

Landraces have traditionally been cultivated on small plots since at least the 1950s, have been
naturally selected by the environment and farmers, and are characterised by the fact that they retain
more genetic variability over time than commercial varieties [2]. In addition, landraces have generally
been developed with reduced agronomic inputs and under more sustainable growing conditions
than commercial varieties [3]. The Elba landraces are perfectly adapted to their environment and are
clearly identified and usually referred to by a local name. Elba’s local varieties have therefore not
been selected through 'formal' genetic improvement but are characterised by a specific adaptation to
the environmental conditions of a well-defined area of cultivation, such as the islands and islets of
the Tuscan archipelago. Landraces generally have characteristics that make them tolerant to the biotic
and abiotic stresses of these regions. They are closely connected with the customs, knowledge, habits,
dialects and traditional practices of the local population involved in their cultivation and
conservation [4].

It should also be considered that the richness of agricultural biodiversity (i.e. genetic traits of the
species) is a relevant component in the ability of landraces to adapt to abiotic stresses such as drought
and high temperatures [5]. This can increase crop resilience and improve the response to the
challenges faced by agricultural production systems affected by climate change [6]. However, the use
of landraces is currently limited, with only a few traditional cultivars of noteworthy reputation being
preserved over time, while many others have been gradually abandoned [7].

Genetic erosion, defined as 'the loss over time of genetic diversity between and within
populations or landraces of the same species, or the reduction of the genetic base of a species due to
human intervention or climate change’, is due to many factors: mechanisation and modern farming
techniques, socio-economic changes and a lack of interest among younger generations in preserving
seeds on farms have also led to an ineffective transmission of knowledge between generations,
resulting in a loss of historical memory and, consequently, to a reduction in the number of traditional
local varieties cultivated. [8].

Some Italian regions, including Tuscany, the first in Italy, have taken regulatory action against
genetic erosion to protect and safeguard agricultural biodiversity through national and European
legislation, creating the "Regional Directory of Local Genetic Resources of Tuscany” [9]. The
procedures for registering landraces in the regional repertoire have been defined, the figure of the
Tuscany Region's custodian farmer has been established and germplasm banks have been activated
within the framework of the Conservation and Security Network [10 G. Bellet, et al 2019]. The
identification, collection, characterisation and conservation of local genetic resources are therefore of
particular importance, especially in the field of landraces, for some of which Italy has historically
been very rich in variability. [7]. In this context, the establishment of Protected Areas contributes to
the conservation of habitats and biodiversity and to the preservation of agroecosystems and
landscapes. In these zones, it is possible to reconcile the need to preserve the natural environment
with sustainable forms of economic development, promoting a model of agriculture in balance with
the natural environment [11].

The Tuscan Archipelago National Park includes the area of the seven islands off the coast of
Tuscany, a territory that contains a great biological diversity, representative of the Mediterranean
region. It should also be noted that this area has been acknowledged by UNESCO as a MAB (Man
and Biosphere Programme) Biosphere Reserve, due to the long-term preservation of natural
resources and the ongoing promotion of sustainable economic development to benefit local
communities [12].
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Island of Elba

Figure 1. Map of the island of Elba.

In this specific area, traditional agricultural practices have been kept alive, allowing local
farmers to select landraces, particularly suited to the specific conditions of the island environment.
These landraces have been integrated into the context of traditional local cuisine, especially on Elba
island, the largest and the widest agricultural area of the Tuscan islands [13].

Several fruit and vegetable landraces with potential value for the conservation of native
germplasm and genetic improvement were identified among elderly farmers on the island of Elba.
The risk of genetic erosion of these landraces proved to be quite high from the start of the research.
At the time, there was only one Tuscan custodian farmer on the island of Elba, and no landraces from
the island were listed in ‘Regional Directory of Endangered Local Varieties’. Faced with this situation,
efforts were made to census, characterise, and promote the value of these landraces to safeguard the
agrobiodiversity of the islands.

Furthermore, the horticultural varieties under study were characterized from an ethnobotanical,
morphological, and genetic point of view to obtain registration in the Regional Directory of Local
Genetic Resources of Tuscany and the National Register of Agricultural and Food Biodiversity.

Genetic characterization was carried out with SSR (Simple Sequence Repeats) or microsatellite
markers [14]. These molecular markers are widely used in varietal description studies due to their
characteristics such as good polymorphism, high repeatability of data obtained, specificity to the
amplified locus, and codominance [15].

The joint use of morpho-physiological characterisation and genetic profiling has permitted us to
obtain an accurate description of the landraces, to know the level of intra- and inter-varietal
variability, and to explore possible genetic relationships between similar varieties. Furthermore, the
definition of the typical genetic profiles of each landrace has allowed them to be identified in order
to protect and conserve their biodiversity.

2. Materials and Methods
2.1. Preliminary Investigation and Identification of Ancient Varieties

Historical bibliographic research was conducted to uncover details about the agricultural history
of the Elba island region and the varieties previously grown there, this process helped determine the
specific areas to focus on. Subsequent surveys were carried out to gather information on antique plant
varieties, including fruits, grains, and vegetables, and to physically locate and identify them. Multiple
sources were consulted for this task, including farmers, farm managers, farmhouse operators, and
hobbyist farmers with knowledge of agriculture on Elba island. Samples of the ancient Elban crop
varieties were obtained from these sources, then reproduced and multiplied avoiding cross-
contamination.
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2.2. Plant Material

In particular, the present study concerns one landrace of Brassica oleracea L., named Patresi black
cabbage, and three landraces of Phaseolus vulgaris L. Miracolo scritto, Miracolo non scritto, and Jolly
Campesi.

In addition, a wild species of Brassica oleracea subsp. Robertiana (Gay) Rouy et Fouc synonym
Brassica montana Pourret (Palmaiola cabbage) found on the islet of Palmaiola in front of Elba island
in the Piombino Channel has been considered. This wild cabbage has been present on the island for
a long time (1800) and may have food potential, as well as being an interesting source of variability
for genetic improvement.

2.3. Morphological and Agronomic Analyses

Field trials were conducted in various locations on Elba island to analyze the morphology and
agronomy of bean and cabbage local varieties. The morphology of Phaseolus varieties was described
using the technical protocol CPVO-TP/012/3, while the UPOV TG/90/6 guidelines were used for the
Brassica variety. The experimental plots were set up according to the local agricultural traditions for
planting distances and types of cultivation.

The trials were expertly managed through a collaborative effort between farmers and
researchers. The farmers were entrusted with the agronomic management of the plots, while the
researchers conducted meticulous observations, sampling, and surveys on the various replications,
adhering to UPOV and CPVO guidelines.

2.3.1. Beans

The bean landraces were sown in open fields at the end of April. For the Jolly Campesi variety,
three seeds were placed per posthole, with a spacing of approximately 50cm between them in the
row and 60cm between rows. A drip irrigation system was installed.

The Miracolo beans (scritti and non scritti) were sown again with three seeds per posthole, with
a spacing of about 50cm between them in the row and 100cm between rows to enable the supports to
be positioned. The Elban tradition of farming involves using the capannello technique (as shown in
the Figure S1).

This technique requires one cane per posthole and three canes tied to the top. The CPVO-
TP/012/3 protocol was used to assess the characteristics of the plants and pods.

Measurements were taken on fresh pods, including length (excluding the beak), width at the
widest point, transversal width, length of the beak, weight of 20 fresh pods, and number of seeds per
pod. The weight of 100 seeds refers to dry seeds.

Sampling was carried out on 20 plants grown in three different farms located in two different
places on Elba island (Loc. La Lecciola in the Municipality of Rio and Loc. Schiopparello in the
Municipality of Portoferraio).

2.3.2. Cabbages

Patresi black cabbage was planted in open fields in early September with rows spaced 100cm
apart and 50cm apart. Regular irrigation was provided during the first month to promote
germination and growth in the initial phase, due to low rainfall.

Subsequently, irrigation was provided as needed based on the seasonal rainfall pattern.
Sampling was conducted on 20 plants from two farms and a hobbyist farmer in three different
locations on Elba (Loc. La Lecciola in the Municipality of Rio, Loc. Schiopparello in the Municipality
of Portoferraio, and Loc. Patresi in the Municipality of Marciana). The plant's characteristics were
evaluated following the guidelines specified in UPOV TG/90/6.

Fifteen individuals from a wild population of Palmaiola cabbage were measured on Palmaiola
island, located within the “A” integral protection zone of the Tuscan Archipelago National Park (as
per the Park Plan approved by the Tuscan Regional Council Deliberation no.87 on 23/12/2009).
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All surveys and sampling were conducted during a single visit in late spring, revealing
individuals of various ages on the island, including young, mature, and senescent plants
simultaneously within the population. The younger individuals were in the vegetative stage, while
the more mature ones were at the flowering, fruiting, or ripening stage. This allowed for the collection
of mature siliques and seeds for potential future replication.

2.4. Molecular Analysis

In addition to the Elban landraces currently in the process of characterization and conservation
in the Tuscan Archipelago, other commercial varieties with similar morpho-physiological
characteristics or geographical proximity have been identified and compared with the Elban local
varieties to determine their specificity and uniqueness.

Five Brassica oleracea L. accessions were analysed, including two traditional varieties from the
Tuscan Archipelago and three other varieties.

For the species Phaseolus vulgaris L., three landraces were analysed, consisting of seven
accessions from the island of Elba and nine commercial varieties grown in the area.

The following tables (Table 1.) list the varieties included in this study.

Table 1. List of Brassica oleracea and Phaseolus vulgaris varieties.

SPECIE VARIETIES DESCRIBED

Brassica oleracea
Brassica oleracea
Brassica oleracea
Brassica oleracea
Brassica oleracea

Patresi (Elba landrace)
Palmaiola (Elba landrace)
Pesciatino

Copenhagen 2

Scartoccio

Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris
Phaseolus vulgaris

Miracolo scritto 2016 (Elba landrace)

Miracolo scritto 2019 (Elba landrace)

Jolly Campesi (Elba landrace)

Jolly Campesi 2016 (Elba landrace)

Miracolo non scritto bianco (Elba landrace)
Miracolo non scritto bianco 2016 (Elba landrace)
Miracolo non scritto 2016 Beige (Elba landrace)
Slenderette

Fico di Gallicano (Garfagnana)

Piattella Schiaccione di Pietrasanta

Blue Lake (black seed)

Blue Lake

Supermarconi (white seed)

Lupinaro or Aquila

Cocco Bianco

Ferrari

Genomic DNA was extracted from approximately 200 mg of young seedlings obtained from
seeds 10 days after germination in a controlled growth chamber. Seven individual samples and a pool
of twenty individuals were analysed for all cabbage accessions except Palmaiola. In this case, due to
the expected high variability, thirty individual plant leaf samples collected on the Palmaiola island
were analysed.

For the bean accessions, three individual samples and a pool of twenty individuals were
analysed. DNA extraction was carried out using the C-TAB method [18,19].

Molecular analyses were carried out using simple sequence repeat (SSR) markers selected based
on their degree of polymorphism and genomic position. Ten SSR loci for the species Phaseolus [20—-
22] and nine SSR loci for the species Brassica [23] were considered (Tables S1 and S2).
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PCR reactions were carried out as previously described in a relevant bibliography [24,25], using
primers labelled with an M13 tail.

The amplification products were separated by capillary electrophoresis using an ABI PRISM
3500 Genetic Analyzer (Applied Biosystems, Waltham, MA, USA) and the molecular profiles
obtained were recorded using Gene Mapper 5.0 software (Applied Biosystems).

2.5. Data Analysis
2.5.1. Morfological Analysis

Morphological measurements were taken on fresh pods and dry seeds from twenty plants of
bean varieties. The mean and standard deviation of pod length (excluding beak), maximum width,
transversal width, beak length, weight of 20 fresh pods, number of seeds per pod, and weight of 100
dry seeds were calculated for each variety.

Cabbage median fresh leaves taken from twenty plants were sampled. For both landraces, mean
and standard deviation were calculated for the characters, plant diameter, leaf blade length, and
width.

2.5.2. Genetic Analysis

The discriminatory power of each SSR marker was determined by calculating the Polymorphic
Index Content (PIC) value [26]. The genetic variability at each locus in the accessions analysed was
assessed by measuring several parameters [27]. These included the number of observed alleles per
locus (Na), the effective number of alleles (Ne), the presence of rare and private alleles (allele
frequency < 0.05), and the levels of expected heterozygosity (He) and observed heterozygosity (Ho)
and the Inbreeding coefficient (f).

Analysis of Molecular Variance (AMOVA) [28] was performed to assess intra- and inter-varietal
genetic variability. The Excel Microsatellites Toolkit version 3.1 [29,30], PowerMarker v3.25 [31] and
GenAIEX [32] were used for these analyses.

A UPGMA dendrogram using the PHYLIP package v3.695 [33] was constructed to visualise the
genetic relationships among the accessions studied, based on the genetic distances between
individuals calculated using the ASM Allele Share Matrix.

Furthermore, a multivariate Principal Coordinate Analysis (PCoA) [34] was implemented to
visualise the genetic relationships between individuals and varieties. Genetic variability is presented
in a two-dimensional graph.

3. Results
3.1. Morpho-Physiological Analyses
3.1.1. Family: Fabaceae, Genus: Phaseolus, Species: vulgaris L.

Landrace: Jolly Campesi

The typical production area for this variety is Elba island, and it's believed to have originated in
the municipality of Campo nell’Elba. This variety has successfully adapted to the island's climatic
conditions, which are characterized by a semi-arid climate [35]. It exhibits robust growth, high disease
resistance, enhanced tolerance to drought, and a longer growing season compared to commercial
varieties (Figure S2.). This variety's general agronomic needs align with traditional practices for
cultivating green beans.

The Jolly Campesi bean has epigeous seedlings, adult plants with a dwarf habit, tufted and of
medium height (50cm). The leaf is compound, trilobed, medium green, medium rugosity, terminal
leaflet shape from circular to quadrangular and a medium acuminate apex. Flowering time is
between June and July, the white flower is in foliage. The pod, green, of medium length (14cm). It is
characterized by the absence of stringiness on the ventral suture and absent or very weak
constrictions (Figure S3.). The weight of 20 fresh pods is 87g with 7/8 seeds per pod. The seeds with
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an elliptical median longitudinal section and a circular median cross-section are white (Figure 54.)
with a weight of 100 dry seeds around 22/25g.

3.1.2. Family: Fabaceae, Genus: Phaseolus, Species: vulgaris L.

Landrace: Miracolo scritto, Miracolo non scritto

The landraces are widespread throughout the island. These varieties have high vigour and good
disease tolerance. In the environmental conditions of Elba, two production cycles can be carried out
with sowing in spring and summer.

The bean Miracolo Scritto e non Scritto share common morphological characteristics in their
vegetative development. They are climbing beans, and they have epigeous seedlings. The leaves are
medium green with medium rugosity. The terminal leaflet shape is from triangular to circular and it
has a medium acuminate apex. The flowering time differs between the two varieties, being medium
in the case of the bean Miracolo Scritto and medium/early for the bean Miracolo non Scritto.

The flower in both cases presents a double colouring with a white standard and violet wing
colour. As far as the pod is concerned, the two varieties present very similar characteristics, while
they differ in shape and characteristics of the seed. In the case of the bean Miracolo Scritto, the seed
is medium-sized (100 seed weight 55g) with an elliptical median longitudinal section, beige with
brown veins, and a different coloured hilum to the seed (Figures S5 and S6).

The bean Miracolo non Scritto on the other hand, has a small seed (100 seed weight 35-40g) that
is white without veins (Figure S7), with a white hilum and an elliptical/rectangular median
longitudinal section. In the case of the bean Miracolo non Scritto, there is an additional accession with
beige seeds.

Table 2. Main morphological characteristics used to describe the Elba bean landraces. The
populations within each variety were found to be relatively homogeneous based on the results of the
morphometric surveys.

Miracol Miracol itt Ily C i
Morphological characteristics fraco o non tracolo serittoJolly Campesi

scritto

Pod: length (excluding beak) cm M 10,81 11,40 14,60
SD 0,61 0,95 0,74
Pod: width at maximum point cm M 0,78 1,39 0,60
SD 0,06 0,10 0,07
Pod: transversal width cm M 0,61 0,53 0,57
SD 0,08 0,06 0,05
Pod: length of beak cm M 0,47 1,51 1,05
SD 0,16 0,23 0,22
Nr.seeds/pod M 7,13 5,45 7,20
SD 1,36 0,98 0,79
100-Seed weight g M 37,25 54,40 23,60
SD 2,68 2,17 1,63
. M nd 122,80 87,90

20' d ht 4 7
green pod weight g <D iy s e

3.1.3. Family: Brassicaceae, Genus: Brassica, Species: oleracea L.

Landrace: Patresi black cabbage

The traditional cultivation area of the Patresi black cabbage is in the municipality of Marciana
on Elba island but is expanding to other Elban municipalities. It is not found in other parts of Italy.
The growing cycle spans from planting in September to flowering in late spring. The leaves are
harvested during the winter. In Elba's ethnobotanical tradition, the leaves are usually used for
preparing soups; it is currently employed in the preparation of 'pesto’ manufactured by a canning
company in the area.
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The plant has a flattened shape and medium height, with green leaves of medium intensity and
absent anthocyanin coloration. The leaf blade of average length and width is elliptical in shape with
weak midrib curvature (Figure S8). In the middle part of the plant, the leaves have very weak or
absent density of “curling” with semi-erect or horizontal petioles of average length (Figure S9). The
yellow flower is gathered in racemose inflorescences.

3.1.4. Family: Brassicaceae, Genus: Brassica, Species: oleracea L. subsp. Robertiana (Gay) Rouy et Fouc
sinonimo Brassica montana Pourret

Landrace: Palmaiola cabbage

The variety is typical of the island of Palmaiola, where, however, cultivation was abandoned
fifty years ago, and it therefore occurs in the wild. Its area of distribution is limited to the island of
Palmaiola. There is no knowledge of the presence of the same variety in other parts of Italy. Its
location on the island of Palmaiola, which has been uninhabited for over fifty years and is denied to
visitors, suggests the uniqueness of this variety.

The plant is flattened and of medium height, with a diameter of approx. 17mm. The leaf, which
is partially anthocyanin-colored (Figure 510), is blue-green in the juvenile stage, turning to medium-
green when fully developed. The elliptical leaf blade has an average length of about 15.5cm and an
average width of about 11.4cm. It has a weakly curved midrib and, a short horizontal petiole of
medium width. The flowers are yellow, gathered in a racemose inflorescence.

The wild population of Palmaiola has individuals at different vegetative stages simultaneously,
and flowering is staggered from April to June, depending on the weather.

3.2. Genetic Analysis Results
3.2.1. Bean

The amplification of ten microsatellite loci for the genetic description of the Elban varieties and
their relative comparison with the reference varieties yielded 38 different alleles, ranging from a
minimum of two alleles found for the markers DROUGH1, AY1 and PVM118 to a maximum of 7
alleles for the markers PVM115 and PVM127, with an average of 3.4 alleles per locus. The effective
number of alleles (Ne) ranges from 4.87 (PVM115) to 1.14 (PVM118). The average value of PIC is 0.5,
five SSRs have values above 0.5. The major allele frequencies were lowest in PVM115 (MAF=0.35)
and highest in PVM118 (MAF=0.93). The mean observed heterozygosity (Ho) is 0.92. Six out of ten
alleles showed no heterozygosity and the inbreeding coefficient varied between 0.23 and 1. The
parameters described are reported in the Table S3.

Two of the thirteen studied varieties were genetically homogeneous (He=0) and did not show
any heterozygous individuals (Ho=0). The remaining varieties displayed similar values of observed
heterozygosity. Private alleles were not identified for the Elban landraces, but rare alleles were
present in all analyzed varieties (Table S5). The Analysis of Molecular Variance (AMOVA)
calculation, based on the genetic distance matrix and 999 permutations, indicates that there is greater
variability among accessions (95% of total variability) than within accessions (5%). These data are
reported in Table S7. Four out of the ten studied SSRs showed variability within accessions.

The dendrogram obtained from the matrix of genetic distances, based on the frequency of shared
alleles, using the UPGMA method shows that all three Elban varieties are distinct from each other
and from the reference varieties (Figure 2). Both Elban varieties and three reference varieties
displayed internal heterogeneity. However, all individuals belonging to the same variety were
grouped into a single cluster, confirming the lower significance of within-variety variability
compared to that among varieties, as indicated by the AMOVA analysis.

do0i:10.20944/preprints202404.0584.v1
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Figure 2. Dendrogram calculated from the matrix of shared alleles. The landraces on the island of

Elba are shown in bold.

The two accessions of the “Miracolo non scritto” with white seeds can be distinguished from
each other by only one out of the ten analyzed SSR loci. The selection of the “Miracolo non scritto”
with beige seeds (2016 selection) differs from the white-seed accession, despite their close genetic
relationship. The two accessions, beige and white, are also morphologically similar, with the only
difference being the colour of the seed. Both accessions cluster together, indicating inherent
variability within the variety.

The two accessions of the Jolly Campesi variety analysed share a single genetic profile that
represents the variety.

The two 'Miracolo scritto' accessions have identical genetic profiles. All the Elban varieties are
clearly distinguishable from each other and from the varieties studied for similarity and geographical
proximity.

To further illustrate the relationship between the analyzed varieties, a Principal Coordinates
Analysis (PCoA) was conducted (Figure 3). The first two principal components, with an Eigen value
greater than 1, account for 59% of the total variability of the 10 SSR markers.

This two-dimensional representation confirms the distinguishability of the landraces identified
in the cluster analysis. It also highlights the similarity of individuals belonging to the same landrace,
even in cases of heterogeneity.
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® BLUE LAKE (black seed)

4 BLUE LAKE

Coord. 2 (23%)

= SUPERMARCONI

A LUPINARO

® COCCO BIANCO
FERRARI

Coord. 1 (36%)
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Figure 3. PCoA score plot. The landraces on the island of Elba are highlighted in bold.

The graph shows two main groups based on growth type. The first group (blue circle) consists
of dwarf bean varieties with determinate growth. The second group (red circle) includes all climbing
bean varieties with indeterminate growth. Although determinate in growth, the Cocco Bianco variety
is more like indeterminate growth the climbing varieties.

3.2.2. Cabbage

The genetic description of the Patresi black cabbage, Palmaiola cabbage, and reference varieties
was made possible by amplifying nine microsatellite loci.

The analysis revealed a high level of genetic variability among the five examined varieties, with
a total of 35 different alleles detected. The SSR Bo1652 had the lowest number of observed alleles (2),
while Bo0836 had the highest (8), with an average of 3.9 alleles per locus. The effective number of
alleles ranged from 1.4 (Bo1652) to 5.6 (Bo0836). Seven out of nine alleles had a PIC above 0.5,
resulting in an average PIC value of 0.54. Bo1740 had the lowest major allele frequency (MAF=0.38),
while Bo1652 had the highest (MAF=0.81). The observed heterozygosity (Ho) has an average value of
0.092, while the inbreeding coefficient ranges from 0.27 to 0.93. The parameters described are reported
in the Table 54.

All studied varieties exhibited positive values of observed heterozygosity (Ho), with the highest
values observed in the Patresi and Palmaiola landrace cabbages. A total of eleven private alleles were
identified among the five varieties, with one for the Patresi Cabbage variety and six for the Palmaiola
Cabbage variety. In contrast, no rare alleles were present in all analyzed varieties (Table S6).

The Analysis of Molecular Variance (AMOVA), calculated from the matrix of genetic distances
with 999 permutations, indicates that 55% of the total variability is due to differences among varieties,
while 45% is due to differences among individuals within the same variety (Table S8). It was observed
that all varieties showed internal heterogeneity. In addition, the data are strongly influenced by the
larger sample size used for the Palmaiola cabbage population. This is due to the high level of genetic
variation observed among individuals in this group.

The genetic analysis allowed us to determine whether the Patresi and Palmaiola landrace are
distinguishable from the reference varieties. The UPGMA dendrogram (Figure 4) shows that both
varieties have a distinguishable molecular profile and group into distinct clusters, clearly
differentiated from those of the Nero Pesciatino, Mercato di Copenhagen 2, and Scartoccio varieties.
This confirms the relatively lower significance of intra-variety variability compared to inter-variety
variability, as highlighted by the AMOVA analysis.

One individual from the Scartoccio variety was considered an off type because it is genetically
distant from the profiles obtained from the other representative individuals of the variety. Each
variety studied is easily distinguishable from the others, forming distinct clusters (highlighted by
different colored boxes).
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Figure 4. UPGMA Dendrogram calculated from the matrix of shared alleles. The Patresi variety is
highlighted by the orange box, while Palmaiola variety is highlighted by the blue box.

To further illustrate the relationship between the analyzed varieties, a Principal Coordinates
Analysis (PCoA) was conducted Figure 5). The first two principal components (with an Eigen value
greater than 1) describe 40.2% of the total variability.

In the two-dimensional PCoA plot, the distribution of the individual points highlights the high
level of genetic variability. This further confirms the distinguishability of the Patresi and Palmaiola
cabbages from the other three varieties analysed.

Principal Coordinates (PCoA)

# Patresi

= Pesciatino

Coord. 2 (27,4%)
.
.

. * 4 Mercato di Copenhagen 2
| Scartoccio

. + + Palmaiola

vy

Coord. 1 (12,8%)

Figure 5. PCoA score plot. The landraces on the island of Elba, namely Patresi (red dots) and
Palmaiola (purple dots), are highlighted and shown in bold.

3.3. Registering in the Regional Directory

The bean varieties and the landrace Patresi have been entered in the Regional Directory of Local
Genetic Resources of Tuscany.

To proceed with the enrolment, it was necessary to submit a specific application, which was
evaluated by the technical-scientific Commission in charge of expressing the opinion for the
enrolment in the Directory and in the National Register (LR 64/2004 Protection and valorization of
the heritage of local livestock and varieties of agricultural, zootechnical and forestry interest).

The Palmaiola cabbage variety has not yet been entered into the Tuscany Region's germplasm
register and is at risk of genetic erosion.
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4. Discussion

The characterisation of Elba's traditional varieties of cabbages and beans is based on the analysis
of different factors: historical, to understand their relationship with the territory, morphological,
physiological, and agronomic, to improve their use and commercialisation, and genetic, to assess
their specific and unique characteristics. The presence of these vegetable landraces, which are typical
of the island of Elba, is attested by the old farmers from time immemorial, even if their cultivation
has been largely abandoned in the past. The origin of these varieties is linked to the history of the
island, which, from the Medici to the Napoleonic period, has seen the introduction of many species
and varieties of fruit and vegetables [36]. In addition, in the last century the island was affected by
migratory flows of workers from southern Italy, Tuscany and Emilia (the so-called Lombards),
employed in mining, agriculture and prison management. These workers brought with them new
varieties of fruit and vegetables from their places of origin, enriching the island's varietal landscape,
which then underwent further selection and adaptation until the present day [37,38]. Isolation from
the mainland has also contributed to selective forces linked to the island's environmental conditions
and human pressure.

The three varieties of beans, "Miracolo scritto Elba," "Miracolo non scritto bianco Elba," and "Jolly
Campesi" (Phaseolus vulgaris L.), are mainly grown in the eastern and central regions of Elba.

The enhancement of the agronomic and qualitative characteristics of these landraces achieved
through this characterization study has contributed to expanding the cultivation area. Currently,
production is spread across various locations on the island, with cultivation areas in the process of
expansion. These varieties are not cultivated in other parts of Italy.

The key features of these bean landraces are their strong vigour and low susceptibility to
diseases. Throughout the field trials conducted during the study, no phytosanitary treatments were
applied, and no diseases were observed on the specimens, demonstrating their vigour and disease
resistance/tolerance. All landraces are well adapted to the Elba climatic conditions, allowing for
longer production compared to commercial varieties. The three varieties have stringless pods. Green
pods are used, and for the "miracolo" beans, both fresh and dry seeds are utilized.

Genetic analysis confirmed the distinctiveness of all three bean landraces compared to very
similar or locally present varieties. The bean landraces showed different levels of intra-varietal
variability, as shown in the UPGMA dendrogram. Both the Jolly Campesi and Miracolo scritto
varieties were genetically homogeneous within themselves, suggesting a rigorous breeding effort by
farmers that led to the selection of these two varieties.

Conversely, the Miracolo non scritto bean showed the presence of three different accessions,
similar but clearly distinguishable. There are two genetically closely related white-seeded accessions
and one genetically distinct beige-seeded selection. All three accessions fall under the same cluster in
the dendrogram, highlighting an intra-varietal variability characteristic of local conservation varieties
[39-42].

The research carried out in the entire territory of Elba identified the Patresi black cabbage
(Brassica oleracea L.), widely used in the culinary tradition of the Elba people. It is cultivated on land
terraces in the western part of the island in the municipality of Marciana [43]. This delicately
flavoured variety is regularly consumed in the area and is currently also used for pesto production
by a canning company. This production is expected to promote its reintroduction throughout the
island of Elba, significantly reducing the risk of genetic erosion.

Genetically, the variety proved to be distinct, albeit heterogeneous. In fact, a unique profile was
identified for each analysed individual. This intra-varietal richness is typical of the species, as
reported in other studies [44,45]. In the case of both Patresi and Palmaiola, the inter-varietal
variability is even greater, which makes them unique compared to the varieties considered. This
information allows us to classify them as local landraces with a rich biodiversity heritage.

The cultivation of Palmaiola cabbage is documented in the first half of the 19th century [46—48].
Already at that time there were botanical recognition and identification studies [49,50], showing a
great interest in the species. After the automation of the lighthouse in 1974, the island remained
uninhabited and the last report of a cultivated garden dates to the testimony of the daughter of one
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of the last lighthouse keepers [48]. Recently, the presence of Palmaiola cabbage has been confirmed
by park guides and residents of the island of Elba, who have seen populations of this variety close to
the sea, even without landing on the island.

The difference between naturalized populations of B. oleracea L. and B. montana is mainly
determined by leaf colour. B. oleracea L. has greyish-green leaves, while B. montana has slightly
greyish leaves that can range from pure green to bluish. This distinction is primarily based on leaf
colour, according to Snogerup et al. [51]. The morphological data comparison between Palmaiola
cabbage (bluish green) and Patresi black cabbage (green) cultivated on the island of Elba, revealed
differences in the colour of young leaves and notable drought resistance of Palmaiola cabbage. These
differences led to their classification as B. montana for Palmaiola cabbage and B. oleracea L. for Patresi
cabbage (Figures S8-511).

The population on Palmaiola island does not receive irrigation. Despite low rainfall and high
population density in a small area, the vegetation is lush, there is abundant flowering, and significant
seed production.

To cultivate the variety, it is sown in a seedbed at the beginning of September and then
transplanted into rows spaced 100cm apart with a 50cm row spacing. The leaves are harvested during
winter, and it flowers at the end of spring. B. Montana has potential agronomic value due to its
drought and insect tolerance, as well as its high glucosinolate content [52]. Further study and
preservation of the variety is warranted based on these characteristics [53,54].

The Palmaiola cabbage displays significant genetic diversity among its populations. We
analyzed 30 individuals and obtained 22 molecular profiles. The molecular markers have identified
high variability, indicating a broad genetic background within this landrace. Therefore, it is crucial
to conserve this population to maintain its original diversity. Safeguarding this valuable germplasm
should be an urgent priority. Currently, Palmaiola cabbage is not included in the Tuscany region's
germplasm catalogue and is at risk of genetic erosion.

5. Conclusions

The aim of this study was to characterise ethnobotanically, morphologically, and genetically
three bean and two cabbage varieties of ancient, endangered vegetable plant varieties of the Elba
island. These landraces have been preserved over time by local farmers who have safeguarded them
from extinction. The research has collected testimonies and information on endangered agricultural
biodiversity, promoting the conservation of sustainable agricultural practices and developing
cultural value for the territory. This has given voice to the cultural tradition of the islands.

The use of SSR molecular markers has proved useful both in confirming the distinctiveness of
these landraces in relation to the closest varieties and in assessing the level of intra-varietal variability.
This information is currently being used to define appropriate seed conservation and multiplication
strategies and, in the future, could be a tool for verifying these procedures to maintain the authentic
landraces over time. In addition, the molecular profiles can be used, to confirm the traceability and
authenticity of even processed products. The results obtained from the morphological
characterisation and genetic analysis have shown the presence of high genetic diversity within among
the populations, confirming the uniqueness of these landraces. This has led to the inclusion of the
three beans and one cabbage (Patresi) studied, in the Tuscan Regional Catalogue and the Italian
National Register database, officially recognising their importance as local genetic resources. The
Palmaiola cabbage also has very interesting agronomic and genetic characteristics and therefore
needs to be studied in more detail with a view to its conservation and valorisation.

Researchers and farmers collaborated productively in managing experimental plots during the
project. This collaboration has increased the number of custodian farmers from one to six. The people
involved, farmer and researcher, have established a network committed to promoting and spreading
awareness about Elban varieties to safeguard agrobiodiversity and preserve these unique varieties.
This will preserve them from disappearance through in situ/on-farm conservation [43-55]. In
addition to the older farmers in the area, who represent a historical memory, some young people
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have shown an interest in experimenting in their home area and in the potential for economic
diversification of their activities and production.

The custodian farmers are actively collaborating with the Park Authority to provide a future
perspective on the valorisation and protection of the agricultural biodiversity of the territory. The
annually collected seeds of these landraces are stored ex situ at the germplasm bank of the Tuscan
Regional Earth Authority. This process secures the local genetic resources of agricultural and food
interest on the island of Elba.

The region's significant allure to tourists, combined with the cooperation between the National
Park and agricultural businesses, has facilitated the promotion of landraces and best agricultural
practices through guided tours and educational workshops. The positive impact of these efforts has
extended beyond the island's borders, helping to promote an agricultural model based on short
supply chains, traditional products and environmental sustainability.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1. Ten microsatellites used for molecular characterisation in P. vulgaris
landrace. Table S2. Nine microsatellites used for molecular characterisation in Brassica landrace. Table S3.
Genetic diversity parameters from the 10 SSR loci used for the analysis of the P. vulgaris collection from the
island of Elba. Table S4. Genetic diversity parameters from the 9 SSR loci used for the analysis of the Brassica
collection from the island of Elba. Table S5. Genetic diversity parameters for the P. vulgaris landrace. Table S6.
Genetic diversity parameters for the Brassica landrace. Table S7. Analysis of molecular variance among and
within landraces of the P. vulgaris landrace. Table S8. Analysis of molecular variance among and within
landraces of the B. oleracea landrace. Figure S1. Capannello: Elba's traditional farming technique. Figure S2. The
image displays the Jolly Campesi landrace on the left and a commercial variety on the right. The Jolly Campesi
landrace is more vigorous, even late in the season. Its production cycle is significantly longer than that of the
commercial variety. Figure S3. Jolly Campesi pod. It is green, of medium length (14cm) and characterized by the
absence of stringiness on the ventral suture and absent or very weak constrictions. Figure S4. Campesi white
seeds with an elliptical median longitudinal section and a circular median cross-section. Figure S5. The Miracolo
Scritto bean. The seed is medium-sized (100 seed weight 55g) with an elliptical median longitudinal section,
beige with brown veins, and a different colored hilum to the seed. Figure S6. The Miracolo Scritto bean, dry
seeds. Figure S7. The bean Miracolo non Scritto bianco has a small seed (100 seed weight 35-40g) that is white
without veins. Figure S8. Patresi cabbage leaf is of average length and width is elliptical in shape with weak
midrib curvature. Figure S9. Patresi plant. In the middle part of the plant, the leaves have very weak or absent
density of “curling” with semi-erect or horizontal petioles of average length. Figure S10. Palmaiola landrace: the
leaf, which is partially anthocyanin-colored is blue-green in the juvenile stage, turning to medium-green when
fully developed. Figure S11. Palmaiola leaf.
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