
diversity

Article

The Analysis of Italian Plant Agrobiodiversity Databases
Reveals That Hilly and Sub-Mountain Areas Are Hotspots
of Herbaceous Landraces

Luca Giupponi 1,2 , Davide Pedrali 1, Valeria Leoni 1,*, Alessia Rodari 1 and Annamaria Giorgi 1,2

����������
�������

Citation: Giupponi, L.; Pedrali, D.;

Leoni, V.; Rodari, A.; Giorgi, A. The

Analysis of Italian Plant

Agrobiodiversity Databases Reveals

That Hilly and Sub-Mountain Areas

Are Hotspots of Herbaceous

Landraces. Diversity 2021, 13, 70.

http://doi.org/10.3390/d13020070

Academic Editor: Mario A. Pagnotta

Received: 19 January 2021

Accepted: 6 February 2021

Published: 9 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Centre of Applied Studies for the Sustainable Management and Protection of Mountain Areas–CRC
Ge.S.Di.Mont., University of Milan, Via Morino 8, 25048 Edolo (BS), Italy; luca.giupponi@unimi.it (L.G.);
davide.pedrali@unimi.it (D.P.); alessia.rodari@unimi.it (A.R.); anna.giorgi@unimi.it (A.G.)

2 Department of Agricultural and Environmental Sciences-Production, Landscape and Agroenergy-DiSAA,
University of Milan, Via Celoria 2, 20133 Milan (MI), Italy

* Correspondence: valeria.leoni@unimi.it

Abstract: Landraces are an agri-food and historical-cultural heritage but are undergoing losses
worldwide. Italy is taking action to counteract this problem by following European guidelines. One
of the most important measures is the Agrobiodiversity National Register (ANR), but 12 Italian
regions currently appear without any landraces and around 80% of the landraces listed are trees,
with less detailed data on herbaceous species. The aim of this study is to investigate the situation for
Italian herbaceous landraces preserved on farms (in situ) by merging and analyzing data contained in
the main databases on plant agrobiodiversity in Italy. Data were georeferenced, organized by botanic
families and Italian regions, and analyzed by GIS and R. A total of 1615 herbaceous landraces were
found (versus the 416 recorded in the ANR). Poaceae, Fabaceae, and Solanaceae together comprise
70% of all herbaceous landraces and are mostly preserved/grown in areas between 150 and 800 m
a.s.l. Some hilly and sub-mountain areas of the Apennines and the Alps are hotspots of herbaceous
landraces due to anthropic and environmental factors. The results of this research will be useful
to enrich the ANR and trigger actions of characterization, conservation, and promotion of these
plant resources.

Keywords: agrobiodiversity; crops; herbaceous plants; in situ conservation; plant diversity; plant
genetic resources; traditional cultivars

1. Introduction

The safeguarding of agrobiodiversity is an extension of the concept of biodiversity
conservation that refers specifically to the varieties/races of plant, animal, and microbe
species of agricultural interest, as well as crop wild relatives. The latter have contributed to
crop domestication for millennia, providing important genetic resources adapted to the
environment and climate changes and can represent a valuable resource for innovative
lower-input agricultural systems [1]. In the past, there were many more landraces, under-
stood as dynamic populations of cultivated plants that have a historical origin and distinct
identity and lack formal crop improvement, as well as often being genetically diverse,
locally adapted, and associated with traditional farming systems [2]. Landraces constitute
unique genetic resources for genetic crop improvement programs [3–5] and a source of
food diversity available to humans and other living beings [6].

These genetic resources have undergone (and are undergoing) heavy losses over the
last decades [7,8]. The Food and Agriculture Organization of the United Nations (FAO)
estimates that about 75% of global agrobiodiversity has been lost over the last century and
that three quarters of food worldwide is produced by only 12 plant species and five animal
species [7–12]. This loss represents a serious problem that has prompted governments at
global and local levels to take immediate action: in recent decades, there have been several
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international conferences during which scientists and politicians were able to discuss issues
related to the conservation of agrobiodiversity, including the Convention on Biological
Diversity (CBD) [13–17] and the International Treaty on Plant Genetic Resources for Food
and Agriculture [18] on which the Global Strategy for Plant Conservation is based [19].
This resulted in the drawing up of international guidelines and strategies such as, for
the European Union (EU), the EU Biodiversity Strategy 2020 [20] and the 2030 Agenda
for Sustainable Development [21], including principles which were integrated into some
European Directives [22–24] and hence acquired by EU member states. The European
Register of Conservation Varieties represents one of the most modern instruments adopted
by the EU for in situ conservation of landraces [25]. It envisages the figure of the “custodian
farmer” who is responsible for the production of seed (produced in purity) in the area
where the landraces are traditionally cultivated (excluding limited cases).

Italy is the only country in Europe to have implemented directive 98/95 before Di-
rective 62/2008 by ad hoc national-level regulations [26] and is legislating to counteract
the problem of landrace loss by following EU guidelines. With the recent law of 1st De-
cember 2015 n. 194 (“Provisions for the conservation and enhancement of biodiversity of
agricultural and food interest”) [27], Italy recognized the principles for the establishment
of a national system of conservation and enhancement of biodiversity of agricultural and
food interest, aimed at protecting local genetic resources from the risk of extinction and/or
genetic erosion. This phenomenon has been widely demonstrated for Italy [28], with an
estimated genetic erosion rate of 72.8% in the south of the Peninsula [9]. This protection
system provides for the creation of an Agrobiodiversity National Register which was set up
in December 2019 [29] (Ministerial Decree 2019/39407; https://rica.crea.gov.it/APP/anb/)
and has collected all information on landraces submitted by the regions to the Italian
Ministry for Agriculture and Forestry (MiPAAF) in recent years.

Although this an important step at a national level to preserve Italian agrobiodiversity,
various issues have led to information gaps in the records and much of the agrobiodiversity
of many regions has yet to be characterized [30] and therefore has not been included in
the register. Moreover, information is not coherent with other databases and information
sources [30]. The register currently shows that out of 20 Italian regions, 12 have no landraces,
while as regards the regions that provided data, around 80% of the landraces listed are tree
species, with less detailed data collection on herbaceous species (Figure 1). Herbaceous
plants require particular attention due to the high number of species/varieties and their
vulnerability among the various taxa that make up agrobiodiversity. This is probably
due to the lack of information regarding garden crops [31,32] as many of the collecting
missions carried out in the past were mainly concentrated on major crops grown in fields
“easy” to reach. Furthermore, cultural information (historical memory), together with
the multiplication/conservation of landraces conducted by local farmers and exchange
of seeds, has always had an informal aspect not subject to written rules [33]. Hence, a
significant number of unknown landraces could still exist isolated in farms [34]. In this
sense, strategies to preserve herbaceous landraces which have virtually disappeared are
important [30]. The latest communication of the European Commission [35] (EU COM
380, 20.5.2020) states that by 2030, it is necessary to invert the trend of genetic erosion in
agriculture by, for example, the use of traditional breeds and cultivars.

National programs for genetic resources supported by several gene banks and the
International Board on Plant Genetic Resources (IBPGR, presently Bioversity International)
conducted more than 500 collection missions, which contributed significantly to the gen-
eration of agrobiodiversity reports and inventories along with numerous Directories of
Germplasm Collections [36]. Many different organisms are responsible for the collection
and conservation ex situ of plant genetic resources for food and agriculture (PGRFA) such
as the international center genebanks and the international collections hosted by CGIAR
Centers, which are important components of the United Nations Food and Agriculture
Organization’s global system of conservation and use of PGRFA, as IBPGR is. As regards
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Italy, the first genebank was set up in Bari [1] in the 1970s, followed by many more under
the National Research Council (CNR) and Council for Research in Agriculture (CREA).

Although genebank accessions could fulfil the conditions set by the EU directive
for conservation varieties, their lists could be completed by a germplasm that is not part
of the government genebank system and is actively managed by farmers and gardeners
organized in seed savers’ associations or other individuals engaged in the development of
informal seed supply systems [37].

In Bulgaria, a study was conducted on local horticultural cultivars and populations
to summarize the information available for the germplasm of local accessions collected
from their typical growing regions, resulting in a collection of 2057 accessions and bases
comprising important phenological, morphological, and economic traits, allowing their
rational use in breeding and practice [38]. In Germany, a project started in 2007 for the
development of a federal state reporting and documentation system for in situ (CWR) and
on-farm (landraces) to implement the National Inventory on PGRFA (PGRDEU), containing
passport data for more than 150,000 accessions of German ex situ holding institutions [37].
Further, in other continents, alliances of local and national governments, research centers,
and farmers’ associations that preserve landraces in situ proved fundamental to create an
inventory of traditional varieties and prevent the genetic erosion of landraces [39].
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Umbria; MA, Marche; AB, Abruzzo; LA, Lazio; MO, Molise; CAM, Campania; PU, Apulia; BA, 
Basilicata; CAL, Calabria; SI, Sicily SA, Sardinia. 
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Nigel Maxted; University of Birmingham, UK). This landrace inventory is the result 
of the work on plant genetic resources carried out by Italian regions and autonomous 
provinces and reports data available in January 2013 [41]. Dataset: 4806 records. 

• The eighteenth revision of Italian Traditional Agri-food Products (“Prodotti Agroali-
mentari Tradizionali”—PAT) [42] (Decree 30th April 1998, n. 173) created by MiPAAF 
on 2019 (Decree 7th February 2019, https://www.gazzettauffi-
ciale.it/eli/gu/2019/03/12/60/so/9/sg/pdf). Dataset: 5149 records. 

Figure 1. Regions of Italy that provided (in green) and that did not provide (in white) data concerning
their landraces to MiPAAF for the construction of the Agrobiodiversity National Register. The number
of landraces and the percentage of grasses (red bars) and trees (blue bars) of each region are reported.
Key of Regions: AO, Aosta Valley; PI, Piedmont; LO, Lombardy; TR, Trentino-Alto Adige; VE, Veneto;
FR, Friuli-Venezia Giulia; LI, Liguria; EM, Emilia-Romagna; TO, Tuscany; UM, Umbria; MA, Marche;
AB, Abruzzo; LA, Lazio; MO, Molise; CAM, Campania; PU, Apulia; BA, Basilicata; CAL, Calabria; SI,
Sicily SA, Sardinia.
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As regards Italy, even if, as explained above, the Agrobiodiversity National Register
currently contains poor data on herbaceous landraces, other open sources of data, such as
inventories produced by MiPAAF, universities and research centers, or foundations for the
conservation of agrobiodiversity such as Slow Food, can provide a considerable amount of
information on Italian herbaceous landraces.

The aim of this study was to collect as much detailed and complete information as
possible regarding herbaceous landraces in Italy. This target was pursued by merging and
analyzing the data contained in the main databases of cultivars (preserved on-farm, in situ).
Specifically, data were analyzed considering the appurtenance of each landrace to plant
families and their distribution throughout the Italian territory, focusing on altitudinal and
regional distribution, to allow the identification of herbaceous agrobiodiversity hotspots.
The families with the highest number of landraces were further investigated by analyzing
the altitudinal distribution and allocation in the main genus/species.

This research was supported by the Department for Regional Affairs and Autonomies
(DARA) of the Italian Presidency of the Council of Ministers to implement the data of the
Agrobiodiversity National Register and launch actions to promote these resources.

2. Materials and Methods

The herbaceous landraces inventory was elaborated following the considerations
of Maxted et al. in [40]. In detail, for the purposes of creating a complete and updated
inventory of herbaceous landraces, the following inventories were considered:

• The Agrobiodiversity National Register provided to the research team by MiPAAF
(Italian Ministry of Agriculture and Forestry) thanks to the DARA-CRC Ge.S.Di.Mont.
agreement. Dataset: 3376 records.

• The first Italian inventory of in situ maintained landraces (VNR catalogue) created
by the University of Perugia as part of the project “PGR Secure project-Novel charac-
terization of crop wild relative and landrace resources as a basis for improved crop
breeding PGR Secure” [41]. The project was funded under the EU Seventh Framework
Programme THEME KBBE.2010.1.1-03, Grant agreement no. 266394 (coordinator: Dr.
Nigel Maxted; University of Birmingham, UK). This landrace inventory is the result
of the work on plant genetic resources carried out by Italian regions and autonomous
provinces and reports data available in January 2013 [41]. Dataset: 4806 records.

• The eighteenth revision of Italian Traditional Agri-food Products (“Prodotti Agroali-
mentari Tradizionali”—PAT) [42] (Decree 30th April 1998, n. 173) created by MiPAAF
on 2019 (Decree 7th February 2019, https://www.gazzettaufficiale.it/eli/gu/2019/0
3/12/60/so/9/sg/pdf). Dataset: 5149 records.

• The list of Slow Food Presidia (Slow Food Foundation for Biodiversity). The Presidia
sustain quality production at risk of extinction, protect unique regions and ecosystems,
recover traditional processing methods, and safeguard native breeds and local plant
varieties [43] (https://www.fondazioneslowfood.com/en/what-we-do/slow-food-
presidia/). Dataset: 595 records.

• The MiPAAF SIAN (National Agricultural Information System) list of biological seeds
database [44] (https://www.sian.it/), containing many landraces that are often used
in organic regimes. Only the landraces listed in the European Register of Conservation
Varieties were considered. Dataset: 132 records.

• Database of CRC Ge.S.Di.Mont. (Centre of Applied Studies for the Sustainable Man-
agement and Protection of Mountain Areas—University of Milan) concerning moun-
tain plant agrobiodiversity [45] (https://www.unimontagna.it/), gathering data from
research activities [30,46–49], students’ theses, on-field activities interviewing farmers,
and bibliographic research. Dataset: 106 records.

• Minor inventories and other sources available online. This category includes farmers’
organizations’ private lists (i.e., Associazione Antichi Mais Piemontesi, Associazione
ROSSO MAIS, etc.) and pro loco associations (i.e., pro loco Fagiolo di Gambolò),
NGO newsletters, local farmers’ society publications, farm records, and scientific

https://www.gazzettaufficiale.it/eli/gu/2019/03/12/60/so/9/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2019/03/12/60/so/9/sg/pdf
https://www.fondazioneslowfood.com/en/what-we-do/slow-food-presidia/
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literature (including reviews of historical literature, research reports, papers, and
articles). Dataset: 95 records.

The above-mentioned inventories and data sources were merged, eliminating overlap-
ping data, and considering only herbaceous plants. Where possible, landrace data were
checked so that they corresponded to the characteristics stated by [2]. To understand if the
landraces were used for crop production or just preserved/grown by custodian farmers, a
web survey regarding cultivation in agricultural holdings was performed for landraces for
which no data were present in the databases analyzed.

Data were organized in Excel sheets with different fields: common name/names of
the landraces, species/genus, family, elevation, latitude, longitude, municipality, region,
cultivator/conservator (farmer/hobbyist and/or farm). Data were organized by botanic
families and regions and georeferenced. Geographic coordinates (latitude and longitude)
and elevation were acquired through Google Earth and/or Google Maps from the address
of the private grower/association/municipality or farm of the specific landrace obtained
from the data sources mentioned. Landraces were sorted according to multidimensional
scaling (MDS) analysis in order to highlight the main geographical variables that differ-
entiated the samples. MDS was performed using Euclidean distance and considering the
latitude, longitude and elevation of each landrace. MDS was performed using the “vegan”
package of R 3.5.2 software [50].

Distribution maps of the landraces were created by ArcGIS 10 software (®Esri, Red-
lands, CA, USA). The same software was used to identify hotspots by the kernel density
method [51,52] using the spatial analysis tool. The elevation feature was displayed through
boxplots using R software [50]. Boxplots were created by splitting the landraces into fam-
ilies and, for the most numerous (more than 200 landraces), a focus on the main genus
and/or species was realized.

The scientific name of each taxon is in accordance with the Portal of Flora of Italy
2020.1 (http://dryades.units.it/floritaly/index.php).

3. Results and Discussion

The survey showed that the total number of herbaceous landraces (obtained merging
the data of the inventories mentioned in Material and Methods) is 1615, while the National
Register currently mentions only 416 varieties, that is, about 26% of the total varieties
observed. This means that the total number of herbaceous Italian landraces identified
could increase by about 290%. This information highlights the need to merge all existing
databases into the Agrobiodiversity National Register. Although they belong to the same
institution (MiPAAF), the Italian Traditional Agri-food Products (“Prodotti Agroalimentari
Tradizionali”—PAT) list and the National Register have not yet been merged.

The catalogues created by the Perugia and Milan Universities provided a considerable
amount of data, testifying to the success of projects led by research centers, since the survey
activity of both was financed by regional, national, or supranational (EU) funds. However,
apparently there was a gap in communication towards regional and national institutions
since, as mentioned in the introduction, Lombardy (the region in which the University of
Milan is located) has not yet communicated any varieties to the bodies in charge of the
creation of the National Register. The most complete Italian inventory of landraces can be
considered the one derived from the “PGR Secure project” (www.pgrsecure.org) for which
the Department of Applied Biology of the University of Perugia compiled “The First Italian
Inventory of In Situ Maintained Landraces” [41]. The inventory reported data until January
2013 and accounted for over 20% of the data collected in this study. Furthermore, the
inventory of the Centre of Applied Studies for the Sustainable Management and Protection
of Mountain Areas (CRC Ge.S.Di.Mont.) can be considered the most complete for the
Alpine center–eastern area [30,46–49].

In Figure 2, the data collected throughout the Italian peninsula are split into families,
of which Poaceae, Fabaceae, and Solanaceae are those containing the greatest number of

http://dryades.units.it/floritaly/index.php
www.pgrsecure.org
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landraces. These three families together account for 70% of all herbaceous landraces, while
the remaining families comprise 30%.
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Figure 2. Subdivision of the 1615 herbaceous landraces of Italy according to plant family. “Other”
contains Polygonaceae, Chenopodiaceae, Lamiaceae, Plumbaginaceae, Caryophyllaceae, Campanu-
laceae, and Orobanchaceae families.

This result is coherent with inventories and data collection in other areas of the world.
For example, 7 landraces of beans (Phaseolus spp.) and 26 landraces of corn (Zea mays L.)
were found in the mountain area of the Arkansas Ozarks (USA), with these two species
representing the most numerous plant species among the 39 considered [53]. Likewise,
101 landraces of bean (Phaseolus spp.), 44 of tomatoes (Solanum tuberosum L.), and 28 of
corn (Zea mays L.) were found in the Appalachians (North America). Beans, tomatoes, and
corn are therefore the most important landraces being maintained across the American
highlands [53]. In Portugal, according to the Second Report on the State of the World’s
Plant Genetic Resources for Food and Agriculture [8], a total of 45,375 accessions were
conserved, of which 59.7% were cereal species and 23.3% were grain legumes. This is
probably linked to the dietary role of these plant resources in providing starch, as regards
Poaceae (in particular, corn and wheat) and Solanaceae (potatoes), and proteins, as regards
Fabaceae (legumes in general). This is also confirmed by the homogeneous distribution of
Fabaceae, Poaceae, and Solanaceae throughout the Italian territory (Figure 3).

Considering, instead, the landraces split into families for each region of Italy (Figure 4),
interesting study cases can be observed. For example, only the varieties that can develop at
higher altitude such as Fabaceae and Poaceae can be found in Aosta Valley, an almost totally
mountainous region, while Sicily is rich in Poaceae landraces, also due to the presence of
short-cycle grains (such as the variety “Tumminia”) that can grow in the specific conditions
of the island, where a second wheat yield can be achieved during the year [54]. In Molise,
50 varieties of beans were identified, contributing greatly to the richness of this family at a
national level.
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Apulia, historically considered one of the most important Italian areas for wheat
production [55], turned out to be very poor in Poaceae landraces, differently from most of
the other Italian regions, probably due to the use of modern commercial varieties with the
consequent loss of traditional cultivars. Lombardy, despite being a region characterized
by industrialized agriculture in the plains (Po Plain in particular), has preserved many
Poaceae, Solanaceae, and Fabaceae thanks to the presence of traditional mountain varieties
of Zea mays, Solanum tuberosum, and Phaseolus spp. [30,48,49]. For example, the maize
landraces “Spinato di Gandino”, “Rostrato Rosso di Rovetta”, “Scagliolo di Carenno”,
“Nero Spinoso”, and “Mais delle Fiorine” are good examples of agro-ecotypes of flint maize
for “polenta” production developed over the centuries [56]. Landraces of Calabria were
almost all included in the Fabaceae family. Emilia Romagna and Sardinia have a high
percentage of Cucurbitaceae.

Tuscany is the richest region in herbaceous landraces (197) (Figures 4 and 5), probably
due to the unique logistics of the agri-food sector in this region [57], where gastronomic
heritage has always been a key factor in touristic success. This region is followed by
Campania (185) and Lombardy (138). However, considering the number weighted on the
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surface of the region, Molise was the region with the highest density of landraces and
Campania was the second, while Lombardy was tenth (Figure 5). This richness in plant
agrobiodiversity of the Molise region and the neighboring Apennine areas (Figures 3 and 5)
is probably determined by a variety of environmental and anthropic conditions (such as
different bioclimatic levels that reach from sea level to mountain altitudes over a short
distance) and agrosystems and related practices distributed among low-input and family-
based agriculture [58].
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Figure 5. Number of herbaceous landraces (a) and mean number of landraces per 1000 km2 (b) of each Italian region, and
maps of landrace hotspots (kernel density) (c). Key: AO, Aosta Valley; PI, Piedmont; LO, Lombardy; TR, Trentino-Alto
Adige; VE, Veneto; FR, Friuli-Venezia Giulia; LI, Liguria; EM, Emilia-Romagna; TO, Tuscany; UM, Umbria; MA, Marche;
AB, Abruzzo; LA, Lazio; MO, Molise; CAM, Campania; PU, Apulia; BA, Basilicata; CAL, Calabria; SI, Sicily SA, Sardinia.

Apart from a few exceptions, the areas richest in number of landraces and in different
crops cultivated as landraces were located inland in hilly and mountainous areas of the
Apennine chain that are characterized by high environmental diversity. The Apennines is a
land system that preserves, and in some case enhances, the biological diversity threatened
by changes in land use and by diffuse abandonment [58,59].

As can be observed in the map in Figure 5, some areas (Apennines of Molise, Abruzzo,
Campania, and Calabria, the Central Apennines of Tuscany, Umbria, and Emilia-Romagna,
and Central Eastern Alps on the border between Lombardy and Trentino-Alto-Adige) can
be considered “hotspots” of herbaceous landraces and this may be linked to an anthropical
explanation, such as the existence of research and inventory initiatives (as already explained
for the case of the VNR catalogue [41] or CRC Ge.S.Di.Mont. [30,46–49,56] or due to the
existence of particularly active farmers’ associations). Agricultural and environmental
conditions obviously also contributed to this phenomenon. In the research found in [60],
in fact, areas with a high level of agrobiodiversity in which to set or enhance in situ
conservation of plant genetic resources (most appropriate areas (MAPAs)) were identified
through a methodological approach using three criteria: presence of landrace diversity,
presence of wild species, and agroecosystem ecological diversity. Considering their additive
strategy (AS), it is not surprising that they match the hotspots identified.
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The MDS biplot (Figure 6) shows that along the first axis (MDS1), which accounts
for 98.34% of the total variance in the dataset, the samples are sorted by elevation (which
increases along the MDS1).
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geographical (latitude, longitude, and elevation) variables.

Landraces are concentrated in the sub-mountain, hilly, and foothill areas, while
there are only a few cases in the great industrial plains (Figures 3 and 7). Comparing
Figures 2, 6 and 7, it is clear that the families that contribute most to the number of lan-
draces (Fabaceae, Poaceae, and Solanaceae) are those containing landraces cultivated in a
wide altitudinal range (from sea level to over 1000 m a.s.l.) but concentrated in hilly and
sub-mountain areas (150–800 m a.s.l.). This is due to the fact that these families contain
plants adaptable to, and grown in, these environments, such as beans (Phaseolus spp.),
rye (Secale cereale), potatoes (Solanum tuberosum), and barley (Hordeum spp.) [48,61–63]. As
shown by this study, most of the landraces that are part of the Fabaceae family are culti-
vated in hilly and sub-mountain areas and 70% are beans (Figure 8). Moreover, most of the
Poaceae landraces (excluding rice landraces) are cultivated in hilly and sub-mountain areas,
especially rye landraces, while as regards the Solanaceae family, only potato landraces (25%
of all Solanaceae) are mostly grown from 300 to 1200 m a.s.l. (Figure 8). Very few landraces
are grown over 1500 m a.s.l. because at the highest elevations, anthropic activities (such as
agriculture) are very limited due to the harsh climatic conditions.
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Therefore, as for many other areas of the planet [53,61,64–66], mountainous and hilly
territories represent hotspots of plant agrobiodiversity in Italy. This is firstly linked to
the remoteness of such areas compared to the great plains (such as the Po Plain), where
highly productive commercial varieties or hybrids are grown. The particular environmental
conditions of hilly and mountain areas and difficulties in communication have guaranteed
that cultivars specifically adapted to those territories developed, becoming landraces.
At the same time, in the great industrialized areas (which are generally located in the
plains), commercial cultivars rapidly substituted traditional cultivars, resulting in the
disappearance of traditional agricultural systems and the knowledge associated with
landrace development, maintenance, management, and use, an occurrence reported in
many parts of the world [67]. However, it should be noted that small islands often show
a remarkable wealth of landraces together with traditional methods of agriculture and
horticulture, and, even if this is not clear from the kernel density map, they are worth
mentioning as agrobiodiversity spots, particularly as regards the crop wild relatives, as can
be seen from previous studies in Italy [68,69]. This is probably due to the same reasons as
for mountain and hilly areas (neglection, isolation, and traditional rural methods) and can
be observed in small islands belonging to very different climatic fascia, for example, the
case of the Outer Hebridean islands of Western Scotland highlighted in research for the
UK national landrace inventory [70]. Sometimes, we can find convergent situations, where
a small island is also a mountain territory with a high number of not easily accessible
small villages, as in the cases of Sicily, Sardinia, and Corsica. An exploratory mission in the
latter collected more than 112 valuable landraces, belonging to several species of pulses,
vegetables, cereals, forages, spices, and condiments [71].
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In general, the absence of detailed knowledge on agrobiodiversity prevents the appli-
cation of methodological tools that could successfully assist in biodiversity conservation,
and inventories are a first step to assessing biodiversity richness and distribution patterns
and monitoring changes [36]. Concomitantly, the conservation of agroecosystems and tradi-
tional farming methods together with the protection of buffer areas of biodiversity such as
dry walls, green infrastructures, and ecotone belts (and other typologies of habitat defined
by directive 92/43 ECC) can guarantee the conservation of a high level of biodiversity and
the conservation of species also including crop wild relatives.

The data contained in the National Register must be considered the “official” data on
Italian agrobiodiversity, since this is the tool by which the Italian government implemented
European Community guidelines on agrobiodiversity conservation. The data reflect the sit-
uation globally, as it is recognized that, worldwide, our knowledge of biodiversity includes
only 20% of the total estimated number of species [36]. Coordination of the stakeholders in
charge of agrobiodiversity conservation and study therefore appears fundamental.

As shown by this study, marginal territories such as mountain and hilly areas are
hotspots of agrobiodiversity (confirming the data of the few studies conducted in Italian
provinces/regions [30,60,72]), and these areas are, today, subject to climatic and anthropic
imbalances. The reasons that led to the abandonment of mountain landraces are many
but are mainly linked to the abandonment of mountain areas by human beings. This phe-
nomenon has intensified in the Alps since the middle of the last century and is still in
progress [36,73–78]. The abandonment of mountain areas (and related agricultural prac-
tices) has caused changes to the landscape (loss of agricultural land due to the expansion of
forests), imbalances to ecosystems (increase in susceptibility to hydrogeological instability
phenomena), and the loss of agrobiodiversity and all it involves (typical dishes, traditions,
and popular culture linked to agriculture) [48]. It is therefore of paramount importance to
reverse this trend to preserve this heritage through the characterization (agronomic, ge-
netic, nutritional, and historical) of landraces and the promotion of sustainable, innovative,
and quality agri-food chains [30] other than the conservation in seed banks [79,80]. These
actions should be implemented as soon as possible to avoid the loss of such resources, as,
from our survey, only 33.4% of landraces are grown by professional farmers, while the
remaining (66.6%) are grown by hobbyist farmers.
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4. Conclusions

This research contributed to knowledge on herbaceous landraces cultivated (preserved
in situ) in Italy by merging the most important databases. The study allowed the creation
of an updated database of 1615 herbaceous landrace varieties, meaning that the total
number of Italian herbaceous landraces identified could increase by about 290%. Their
distribution throughout Italy was analyzed (considering single regions), highlighting
interesting regional differences and locating herbaceous landrace hotspots, situated mainly
in the hilly and sub-mountain marginal areas of Italy.

Parallels can be drawn between the Italian situation and the hilly, sub-mountain,
and, in general, marginal areas (such as small islands and archipelagos) that can be con-
sidered hotspots of agrobiodiversity and require scientific attention for the protection of
biodiversity and agrobiodiversity. Data on the latter, in particular horticultural and herba-
ceous agrobiodiversity, particularly at risk due to its characteristics, need merging and
analyzing as inventories as the first step towards the study, conservation, and promotion
of agrobiodiversity.

It is to be hoped that the dataset of this research, currently the most comprehensive
and updated available in Italy, will be useful to all stakeholders (civil society, farmers,
and governance as well as researchers) as it provides information on Italian herbaceous
landraces and can be a starting point to enrich the Agrobiodiversity National Register
and trigger actions of characterization, protection, and promotion of these resources. For
these purposes, the data gathered during the research work will be forwarded to the
Department for Regional Affairs and Autonomies (DARA) of the Italian Presidency of
the Council of Ministers. Furthermore, an online interactive map reporting the main
information regarding each landrace will be available open source at the following link:
https://www.unimontagna.it/servizi/mappatura-agrobiodiversita-vegetale/. It is also to
be hoped that, in the future, the database will be supplemented with maintainer details,
cultivation, usage, and specific threats and that information will be made available via a
web-enabled database and periodically updated to monitor changes in on-farm maintained
landrace diversity following the recommendations of [40].
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