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Abstract: Puglia region is particularly rich in agro-biodiversity, representing an example of how
local vegetables varieties can still strongly interact with modern horticulture. Unfortunately, the
genetic diversity of vegetable crops in this region has been eroded, due to several factors such as
abandonment of rural areas, ageing of the farming population, and failure to pass information down
the generations. This article summarizes the objectives, methodological approach and results of the
project “Biodiversity of the Puglia’s vegetable crops (BiodiverSO)”, an integrated project funded
by Puglia Region Administration under the 2007–2013 and 2014–2020 Rural Development Program
(RDP). Results were reported for each of the eight activities of the project. Moreover, the Polignano
carrot (a local variety of Daucus carota L.) was described as a case study, since several tasks have been
performed within all eight project activities with the aim of verifying the effectiveness of these actions
in terms of safeguarding for this genetic resource strongly linked with local traditions. BiodiverSO
is an example of protection and recovery of vegetables at risk of genetic erosion that could help to
identify and valorize much of the Puglia’s plant germplasm.

Keywords: characterization; conservation; databases; genetic resources; history; local varieties;
recovery; sanitation; seed bank

1. Introduction

The concepts of biodiversity, of its progressive loss and the need to protect it, are now rooted in
the scientific and policy maker communities. These concepts are also increasingly gaining popularity
with ordinary people. According to a survey on attitudes of Europeans toward biodiversity, at least
eight out of ten Europeans consider the various effects of biodiversity loss to be serious. However,
although the majority of Europeans have heard of the term “biodiversity” (60%), less than one third
(30%) know what it means, most do not feel informed about biodiversity loss (66%), and think the EU
should better inform citizens about the importance of biodiversity (93%) [1].

In the general framework of biodiversity issue, which is in most cases referred to natural
ecosystems, the concept of “agro-biodiversity” is arising lively interest. According to the FAO
definition [2], agro-biodiversity is a vital sub-set of biodiversity, and refers to the diversity in
agro-ecosystems. It comprises the diversity of living organisms and genetic resources (cultivated
species, varieties, and breeds; wild flora; soil microorganisms; predators; and pollinators).
Agro-biodiversity is the result of interaction among the environment, genetic resources and
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management systems and practices, encompassing the variety and variability that are necessary
for sustaining food production and food security. Therefore, local knowledge and culture can be
considered as integral parts of agro-biodiversity, because the human activity of agriculture shapes and
conserves this biodiversity.

Intensive agriculture has generally resulted in higher productivity, but also in a trend towards
decreasing levels of agro-biodiversity. It has been noted that the so called “green revolution” in
agriculture, with its modern scientific approaches to plant breeding, represented a biodiversity
narrowing phase, by replacing genetically diverse landraces and local varieties (selected over centuries
and representing an incredible heritage of diversity) with uniform varieties such as hybrid F1 in
vegetables [3,4]. As reported by some authors [5], “a local variety (also called: landrace, farmer’s variety,
folk variety) is a population of seed- or vegetative-propagated crop characterized by greater or lesser genetic
variation, which is however well identifiable and which usually has a local name ... has not been subjected to an
organized program of genetic improvement . . . is characterized by a specific adaptation to the environmental
and cultivation conditions of the area where it has been selected . . . is closely associated with the traditions,
the knowledge, the habits, the dialects and the occurrences of the human population that have developed it
and/or continue its cultivation”. During the last century, almost 75% of local varieties have been lost,
but this percentage may rise to 90% in USA. Modern varieties are conceived to meet the requirements
of market, processing industry and modern distribution. At the same time, they are subjected to
rapid obsolescence.

The preservation of agro-biodiversity represents a key-point to assure adaptability and resilience
of agro-ecosystems to the global challenge we will be facing in the near future to produce more
and better food in a sustainable way. However, many components of agro-biodiversity would not
survive without human interference. On the other hand, human choices may represent a threat for the
agro-biodiversity preservation.

Puglia region is located in the southeastern part of Italy. It is largely open to the Adriatic and
Ionian seas with a coastal zone of nearly 800 km. The area of about 19,360 km2 shows more than 60%
of territory below 200 m above sea level, with some peaks of more than 1000 m located in the northeast
and northwest. Puglia has a typically Mediterranean climate with temperatures that may fall below
0 ◦C in winter (in the northern part or hills) and exceed 40 ◦C in summer. Annual rainfall ranges
between 400 and 550 mm, mostly concentrated during the winter.

Due to its climatic conditions and land characteristics, Puglia is one of the most important regions
in Italy for the vegetable production, accounting for≈21% (≈92,000 ha) and≈24% (≈3,261,000 tons) of
the total open air growing area and the amount of vegetables produced at national level, respectively [6].
The region is among the leaders for the production of several vegetable crops such as broccoli and
cauliflower, celery, parsley, processing tomato, artichoke, endive and escarole, cabbage, fennel, lettuce,
cucumber, early potato and asparagus. The vegetable production industry accounts for about 30% of
the total economic value of the regional agricultural sector. About 8000 ha of the regional vegetable
growing area are interested by organic cultivation systems, representing the 30% of the total national
organic vegetable cultivation [7].

At the same time, at national level, the predominant position of Puglia in terms of vegetable
production industry does not overlap at all with its position in the seed industry (less than 2% of
commercial vegetable varieties registered in the national register are from companies located in the
region). However, Puglia represents an example of how local vegetable varieties can still strongly
interact with modern horticulture in the definition of a complex food system, in which local culture
and traditions are interconnected with local productions and local environment. In fact, the region is
particularly rich in local varieties of vegetables. Some of them are still largely used and requested by
the population.

Unfortunately, the genetic diversity of vegetable crops in the Puglia region has been eroded, due to
several factors such as abandonment of rural areas, ageing of the farming population, and failure to pass
information down the generations (leading to loss of knowledge and historical memory), which can
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vary in relation to the type of genetic resource and location [8,9]. Moreover, loss of family vegetable
gardens near settlements, as a consequence of intense urban development, has led to a considerable
loss of agro-biodiversity, especially among folk varieties grown for family consumption [4].

For these reasons, the Puglia Region Administration planned two specific actions under
the 2007–2013 and 2014–2020 Rural Development Programme (RDP) to preserve regional genetic
biodiversity. “Protection of biodiversity” provides financial support for a five-year period for seed
savers committed to preserving in situ the plant genetic resources listed in a specific annex of the
RDP, while “Integrated projects and regional biodiversity system” funds the salvage of native plant
genetic resources and knowledge of ethno-botany. The overall goal is to create a biodiversity network
to promote the exchange of information between stakeholders to facilitate the diffusion and protection
of genetic resources in agriculture.

This article aims to pointing out objectives, methodological approach and results of the project
“Biodiversity of the Puglia’s vegetable crops (BiodiverSO)”, one of the five integrated project funded
by Puglia Region Administration under RDP.

2. Methodology

BiodiverSO (https://biodiversitapuglia.it/) is a collaborative project funded within the RDP
of the Puglia Region Administration on the topic “Diffusion and protection of genetic resources
in agriculture”. The 48-month project started in April 2013 involving fourteen partners (https:
//biodiversitapuglia.it/partner/) from academia, research institutions, public consortia and private
companies from different disciplines (genetic, agriculture, biology, biotechnology, chemistry,
biochemistry, plant science and engineering). The project was coordinated by the Department of
Agricultural and Environmental Science, University of Bari Aldo Moro.

According to the aims of BiodiverSO, project activities were organized and scheduled as eight
different Work Packages regarding the local varieties of vegetables in Puglia.

WP 1—History. This activity consisted in acquiring information on local genetic resources,
through an accurate bibliographic and territorial investigation work. The aim was to retrieve the
history, provenance, distribution on the territory, knowledge and traditions related to cultivation and
use of local varieties.

WP 2—Recovery. The recovery activity was based on research and subsequent collection of
propagation material of the local varieties present in the Puglia territory. Seeds or other propagation
material were taken from the field, with the relevant information on the cultivation technique, uses of
the products and local traditions.

WP 3 Ex situ conservation. This activity involved the conservation, outside the natural environment
(ex situ), of seeds and/or plant parts suitable for multiplication, sowing and/or planting, revitalization,
propagation and management of the material, to ensure the use of germplasm, safeguard varieties at
risk of genetic extinction and attempt a subsequent reintroduction.

WP 4—Characterization. This activity aimed to assess genetic, agronomic, morphological,
quantitative and nutritional traits of the recovered genetic resources by using several tools
and techniques.

WP 5—Sanitation and registration in national catalogs. The first aim of this activity was to obtain
protocols for producing virus-free genetic resources for conservation, breeding, and production.
Moreover, the registration of local varieties and related products in the “List of Traditional Agri-Food
Products” (LTAFP) of the Italian Department for Agriculture was carried out.

WP 6—Databases. All information and results obtained through each project activity were
cataloged and used to create inventories regarding sampling sites and data on the recovered
genetic resources.

WP 7—Data sheets writing. This activity was carried out for each genetic resource with the aim to
create standardized systems of identification, characterization and recognition of local varieties.

https://biodiversitapuglia.it/
https://biodiversitapuglia.it/partner/
https://biodiversitapuglia.it/partner/


Agriculture 2018, 8, 128 4 of 22

WP 8—In situ conservation. In situ conservation of the recovered propagation material was
carried out through reproduction and cultivation, in isolation and in conditions of maximum purity,
within local farms.

3. Obtained Results and Discussion

3.1. Project’s General Results

3.1.1. WP 1—History

The information obtained from bibliographic and territorial investigations allowed obtaining a
multimedia library that collects, makes accessible and available the knowledge acquired on local genetic
resources (https://biodiversitapuglia.it/biblioteca/?idt=1). Thanks to this activity, 243 documents
were recovered (Figure 1). Moreover, interviews, videos, (https://biodiversitapuglia.it/biblioteca/
?idt=4) geo-referenced photos and 125 thematic maps (https://biodiversitapuglia.it/biblioteca/?idt=6)
were produced.
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Figure 1. Examples of ancient documents recovered under the bibliographic research activity.

Very interesting information on local varieties was recovered during this activity. For example,
the “Lucera artichoke”, a landrace of Cynara cardunculus L. subsp. scolymus Hayek, has been cultivated
for decades by local smallholder farmers in Capitanata (Puglia, Italy) around the town of Lucera
(Foggia). Its flower heads have an ovoid shape, while the color of the external bracts is green with
purple nuance. The length is about 10 cm, the diameter 7.5–8.5 cm and the weight ranges 150–180 g
(Figure 2).
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At the beginning of the 1900s, this landrace of artichoke was cultivated in many family gardens in
the urban surroundings of Lucera. Unfortunately, these areas have been affected by intense building
activity that has irreversibly subtracted fields traditionally used for horticulture. This has determined
a considerable reduction of the “Lucera artichoke” production as well as a loss of knowledge and
historical memory, and today this landrace is grown In only a few home gardens by some old farmers.

The historical importance of the “Lucera artichoke” is due to the presence of the Saracens in Puglia
during the 12th century. In effect, Egidi [10] reported that a colony of Saracens was transferred into
Lucera city between 1224 and 1225 A.C. by King Federico II of Svevia. Furthermore, investigations on
historical texts have been carried out about Saracens customs during ancient times in Puglia. Findings
indicate that the cultivation of kinaria (artichoke) was practiced by the Saracens in Southern Italy at
least since the 12th century. Thus, it is possible that the cultivation of the artichoke began at least
two centuries before with respect to what is generally reported in several publications dealing with
horticulture. In this context, further study could be carried out with the aim to verify if the kinaria
cultivated by Saracens in Capitanata during ancient times represents a possible ancestor of the “Lucera
artichoke” landrace.

3.1.2. WP 2—Recovery

Several companies, farmers or simple enthusiasts that conserve and cultivate local vegetable
varieties at risk of genetic erosion were identified. Seeds (Figure 3) or other propagation material
have been taken from the field together to relevant information on the cultivation technique, uses of
the products and local traditions. In addition, geographic and topographical information on the
cultivation areas of local varieties have been acquired. Thanks to this activity, about 350 companies
have been visited, over 530 accessions have been recovered and the relative descriptive sheets have
been prepared. The very important role of home gardens as repositories of agro-diversity has been well
verified. Home gardens, whether found in rural or peri-urban areas, are characterized by a structural
complexity and multi-functionality which enables the provision of different benefits to ecosystems and
people. At the same time, home gardens are important social and cultural spaces where knowledge
related to agricultural practices is transmitted. Therefore, it is very important to promote their role in
the conservation of vegetables crops and cultural heritage.
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3.1.3. WP 3—Ex Situ Conservation

Ex situ conservation of the recovered propagation material was carried out through the creation
and management of catalog fields within experimental farms (Figure 4), long-time seeds preservation
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in seed banks (Figure 5) as well as the maintenance of propagation material by in vitro and/or
slow-growing techniques (Figure 6), aimed to keep the agamic propagation material in good conditions,
reducing conservation costs and space.
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3.1.4. WP 4—Characterization

Several local varieties and wild edible plants (a total of 141 genotypes) were characterized for
morphological, chemical (including qualitative and nutritional) and genetic traits (Table 1).

Table 1. Genetic resources studied during the project activity (adapted from Accogli et al. [11]).
For each one, performed activities are indicated by using X symbol or a specific acronym. Registration
column reports the state of art regarding Puglia local varieties with Protected Geographical Indication
or registered as an item in the List of “Traditional Agri-Food Products” of the Italian Department
for Agriculture.

Taxonomy Local Variety Name
Characterization

Sanitation Registration
M C G

Allium cepa L. Cipolla bianca di Margherita X X PGI
Allium cepa L. Cipolla rosa o dorata di Monteleone GIBA 1 X
Allium cepa L. Cipolla rossa di Acquaviva X X X TAFP
Allium cepa L. Cipolla rossa di Margherita GIBA 1 X
Allium cepa L. Sponzale rosso di Acquaviva X X X TAFP

Allium sativum L. Aglio dei Cortigli X X
Allium sativum L. Aglio del Salento X
Allium sativum L. Aglio di Altamura X X
Allium sativum L. Aglio di Anzano X X
Allium sativum L. Aglio di Peschici X X
Allium sativum L. Aglio rosso di Monteleone e Panni X X

Apium graveolens L. group dulce Sedano di Torrepaduli GIBA 2

Beta vulgaris L. subsp. vulgaris L. Bietola da costa barese GIBA 3 X X
Beta vulgaris L. subsp. vulgaris L. Bietola da costa di Fasano GIBA 3 X X
Brassica oleracea L. group acephala Cavolo riccio GIBA 4 X X TAFP
Brassica oleracea L. group botrytis Cima di cola GIBA 5 X X TAFP
Brassica oleracea L. group capitata Cavolo cappuccio cuore di bue GIBA 6 X

Brassica oleracea L. group gongylodes Testa di morto X X
Brassica oleracea L. group italica Cima nera GIBA 7 X X
Brassica oleracea L. group italica Mugnolicchio X
Brassica oleracea L. group italica Mùgnulu GIBA 7 X X TAFP
Brassica oleracea L. group italica Turzella X
Brassica rapa L. group broccoletto Cima di rapa di montagna X X
Brassica rapa L. group broccoletto Cima di rapa quarantina X X X TAFP
Brassica rapa L. group broccoletto Cima di rapa sessantina X X X TAFP
Brassica rapa L. group broccoletto Cima di rapa novantina X X X TAFP
Brassica rapa L. group broccoletto Cima di rapa centoventina X X TAFP

Capsicum annuum L. Peperone corna di capra X X
Capsicum annuum L. Peperone cornaletto paesano X
Capsicum annuum L. Peperone cornaletto riccio GIBA 8

Capsicum annuum L. Peperone cornetto bianco GIBA 8

Capsicum annuum L. Peperone cornetto di Gravina X X
Capsicum annuum L. Peperone cornetto di Palagianello X X

Capsicum annuum L. Peperone cornetto (per friscere) di
Presicce X X

Capsicum annuum L. Peperone cornetto leccese X
Capsicum annuum L. Peperone corno di toro GIBA 8

Capsicum annuum L. Peperone “diavolicchio” di Gravina X X
Capsicum annuum L. “Papecchia” X X
Capsicum annuum L. “Paperule a core” X X
Capsicum annuum L. “Papirussi a cornulara” di Zollino X X
Capsicum annuum L. Peperone tondo rosso “a cumbost” X X
Capsicum annuum L. Peperone zanzari GIBA 8 X

Cichorium intybus L. group catalogna Cicoria bianca di Tricase X X
Cichorium intybus L. group catalogna Cicoria di Brindisi X X
Cichorium intybus L. group catalogna Cicoria di Galatina X X TAFP
Cichorium intybus L. group catalogna Cicoria di Molfetta GIBA 9 X TAFP
Cichorium intybus L. group catalogna Cicoria rossa di Martina Franca GIBA 9 X
Cichorium intybus L. group catalogna Cicoria di Otranto GIBA 9 X TAFP
Cichorium intybus L. group catalogna Cicoria leccese GIBA 9 X

Cucumis melo L. Barattiere GIBA 10 X X TAFP
Cucumis melo L. Carosello di Manduria GIBA 10 X TAFP
Cucumis melo L. Carosello mezzo lungo di Polignano GIBA 10 X X TAFP
Cucumis melo L. “Cucummaru” de San Donato X X TAFP
Cucumis melo L. Meloncella bianca GIBA 10 X TAFP
Cucumis melo L. Meloncella fasciata X X TAFP
Cucumis melo L. Meloncella tonda di Galatina X TAFP
Cucumis melo L. “Pilusella” X X TAFP
Cucumis melo L. “Poponeddha” di Corigliano X X TAFP
Cucumis melo L. “Spureddha” X X TAFP

Cucumis melo L. subsp. melo group flexuosus Tortarello X TAFP
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Table 1. Cont.

Taxonomy Local Variety Name
Characterization

Sanitation Registration
M C G

Cucumis melo L. subsp. melo group inodorus Melone bianco GIBA 10 X TAFP
Cucumis melo L. subsp. melo group inodorus Melone fior di fava X TAFP
Cucumis melo L. subsp. melo group inodorus Melone “gaghiubbo” X TAFP
Cucumis melo L. subsp. melo group inodorus Melone gialletto tondo estivo GIBA 10 X TAFP
Cucumis melo L. subsp. melo group inodorus Melone giallo allungato GIBA 10 X X TAFP
Cucumis melo L. subsp. melo group inodorus Melone “minna de monaca” GIBA 10 X TAFP
Cucumis melo L. subsp. melo group inodorus Melone “scurzune” GIBA 10 X TAFP
Cucumis melo L. subsp. melo group inodorus Melone “zuccarinu” GIBA 10 X TAFP

Cucumis sativus L. Cetriolo mezzo lungo di Polignano UPOV TAFP
Cucurbita moschata Duch. Cucuzza genovese X

Cucurbita pepo L. Cocozza corritore bianca GIBA 11

Cucurbita pepo L. Cocozza corritore rigata X
Cucurbita pepo L. Cocozza corritore striata X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciodo bianco di Ostuni GIBA 12 X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo bianco di Taranto GIBA 12 X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo brindisino GIBA 12 X X PGI

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo centofoglie di Rutigliano GIBA 12 X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo di Lucera GIBA 12 X X X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo francesina GIBA 12 X X TAFP

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo locale di Mola GIBA 12 X X X TAFP

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo nero a calice del Salento GIBA 12 X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo nero di Ostuni GIBA 12 X X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo tricasino spinoso GIBA 12 X X

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo verde di Putignano GIBA 12 X X TAFP

Cynara cardunculus L. subsp. scolymus (L.)
Hayek Carciofo violetto di Putignano GIBA 12 X X TAFP

Daucus carota L. Carota di Margherita X X
Daucus carota L. Carota di Polignano GIBA 13 X TAFP
Daucus carota L. Carota di Tiggiano GIBA 13 X TAFP

Eruca vesicaria (L.) Cav. Rucola X X
Foeniculum vulgare Mill. var. azoricum Finocchio gigante di Bari GIBA 14

Foeniculum vulgare Mill. var. azoricum Finocchio nostrale barese GIBA 14

Ipomoea batatas L. Batata leccese IBPGR X TAFP
Lactuca sativa L. group capitata Lattuga romanella GIBA 15 X

Phaseolus vulgaris L. Fagiolino di Deliceto X X
Pisum sativum L. Pisello di Castellaneta X
Pisum sativum L. Pisello di Monteiasi X
Pisum sativum L. Pisello riccio di Sannicola X TAFP

Solanum lycopersicum L. Pomodoro “a cancedd” GIBA 16 X
Solanum lycopersicum L. Pomodoro a foglia di patata GIBA 16 X
Solanum lycopersicum L. Pomodoro a mela di San Severo GIBA 16 X
Solanum lycopersicum L. Pomodoro “a pappacocu” GIBA 16 X
Solanum lycopersicum L. Pomodoro a perone GIBA 16 X
Solanum lycopersicum L. Pomodoro “a scresce” X X
Solanum lycopersicum L. Pomodoro a sole di Panni GIBA 16 X X
Solanum lycopersicum L. Pomodoro barese X
Solanum lycopersicum L. Pomodoro darseculo IPGRI X
Solanum lycopersicum L. Pomodoro della marina tipo piatto GIBA 16 X
Solanum lycopersicum L. Pomodoro della marina tipo tondo GIBA16 X
Solanum lycopersicum L. Pomodoro di Crispiano GIBA 16 X
Solanum lycopersicum L. Pomodoro di Manduria GIBA 16 X X TAFP
Solanum lycopersicum L. Pomodoro di Mola GIBA16 X TAFP
Solanum lycopersicum L. Pomodoro di Morciano GIBA 16 X TAFP
Solanum lycopersicum L. Pomodoro di Panni allungato X
Solanum lycopersicum L. Pomodoro di Torremaggiore GIBA 16 X
Solanum lycopersicum L. Pomodoro fiaschetto di Torre Guaceto GIBA 16 X X
Solanum lycopersicum L. Pomodoro giallo d’inverno GIBA 16 X TAFP

Solanum lycopersicum L. Pomodoro giallo d’inverno di
Torremaggiore GIBA16 X TAFP

Solanum lycopersicum L. Pomodoro giallo da serbo di
Monteleone e Panni GIBA 16 X TAFP

Solanum lycopersicum L. Pomodoro lamàsciano GIBA 16 X
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Table 1. Cont.

Taxonomy Local Variety Name
Characterization

Sanitation Registration
M C G

Solanum lycopersicum L. Pomodoro leccese GIBA 16 X
Solanum lycopersicum L. Pomodoro “prunill” GIBA16 X X
Solanum lycopersicum L. Pomodoro racalino GIBA 16 X
Solanum lycopersicum L. Pomodoro regina GIBA 16 X X TAFP
Solanum lycopersicum L. Pomodoro rosso d’inverno GIBA 16 X TAFP
Solanum melongena L. Melanzana antica GIBA 17

Solanum melongena L. Melanzana bianca GIBA 17

Solanum melongena L. Melanzana lunga di Vieste X
Solanum melongena L. Melanzana marangiana di Zollino X
Solanum melongena L. Melanzana nostrana di Palagianello X
Solanum tuberosum L. Patata dei cortigli X X

Vicia faba L. Fava di Carpino X X TAFP
Vicia faba L. Fava di Zollino X TAFP
Vicia faba L. Fava grande di Castellana Grotte X TAFP
Vicia faba L. Fava “Nase ‘n gule” X TAFP
Vicia faba L. Fava nera di Monopoli X TAFP
Vicia faba L. Fava romana X TAFP

Vigna unguiculata (L.) Walp. subsp.
unguiculata (L.) Walp. Fagiolino pinto X X X TAFP

Vigna unguiculata (L.) Walp. subsp.
unguiculata (L.) Walp. Fagiolino pinto a metro X X

Vigna unguiculata (L.) Walp. subsp.
unguiculata (L.) Walp. Fagiolino pinto barese X X TAFP

Vigna unguiculata (L.) Walp. subsp.
unguiculata (L.) Walp. Fagiolino pinto di Noci X X TAFP

Vigna unguiculata (L.) Walp. subsp.
unguiculata (L.) Walp. Fagiolino pinto “mezza rama” X X TAFP

M, morphological; C, chemical; G, genetic; GIBA, descriptors of the Italian Working Group for Biodiversity in
Agriculture; TAFP, List of “Traditional Agri-Food Products” of the Italian Department for Agriculture; PGI, Protected
Geographical Indication within European Community; UPOV, descriptors of the Union for the Protection of New
Varieties of Plants; IBPGR, descriptors of the International Board for Plant Genetic Resources; IPGRI, descriptors of
the International Plant Genetic Resources Institute; CPVO, Community Plant Variety Office; 1 Ref. CPVO TP/46/2; 2

Ref. CPVO TP/82/1; 3 Ref. UPOV TG/106/4; 4 Ref. UPOV TG/90/6; 5 Ref. CPVO TP/45/2; 6 Ref. CPVO TP/48/2;
7 Ref. CPVO TP/151/2; 8 Ref. CPVO TP/76/2; 9 Ref. UPOV TG/154/3; 10 Ref. CPVO TP/104/2; 11 Ref. CPVO
TP/119/1; 12 Ref. CPVO TP/184/1; 13 Ref. CPVO TP/49/3; 14 Ref. CPVO TP/183/1; 15 Ref. CPVO TP/13/4; 16 Ref.
CPVO TP/44/3; 17 Ref. CPVO TP/117/1.

This activity allowed also to obtain original results published in the international scientific
literature and/or exploitable for future research (Table 2).

Table 2. Literature published targeting the different local varieties studied during project activities.

Local Variety References

Barattiere Pavan et al. [12]
tata leccese Ruta and Lambardi [13]

Carciofo bianco di Taranto Spanò et al. [14]
Carciofo brindisino Curci et al. [15]

Carciofo cento foglie di Rutigliano Ruta e Lambardi [12]
Carciofo di Lucera Renna et al. [16]
Carciofo francesina Spanò et al. [14]

Carciofo locale di Mola
Renna et al. [16]
Spanò et al. [14]

Carciofo verde di Putignano Spanò et al. [14]
Carciofo violetto di Putignano Spanò et al. [14]

Carosello di Manduria Pavan et al. [12]

Carota di Polignano
Cefola et al. [17,18]

Renna et al. [19]
Signore et al. [20]

Carota di Tiggiano Scarano et al. [21]

Cicoria di Galatina
Renna et al. [22]

Testone et al. [23]

Cicoria di Molfetta
Renna et al. [22]

Testone et al. [23]
Melone giallo allungato Girelli et al. [24]

Melone “minna de monaca” Girelli et al. [24]
Melone “scurzune” Girelli et al. [24]

Pomodoro di Manduria Spanò et al. [25]
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For example, Pavan et al. [12] used genotyping-by-sequencing (GBS) to characterize patterns of
genetic diversity and genomic features within Cucumis melo L. Analyses of genetic structure, principal
components, and hierarchical clustering supported the identification of three distinct subpopulations.
One of them includes accessions of the local variety Carosello, referable to the chate taxonomic group.
This is one of the oldest domesticated forms of C. melo, once widespread in Europe and now exposed
to the risk of genetic erosion. The second subpopulation contains landraces of Barattiere, a regional
vegetable production that had never been characterized at the DNA level and that was previously
erroneously considered another form of chate melon. The third subpopulation includes genotypes of
winter melon (C. melo var. inodorus). Genetic analysis within each subpopulation revealed patterns
of diversity associated with fruit phenotype and geographical origin. In a study aimed to present
the complete chloroplast genome sequence of the globe artichoke, obtained by a combination of data
retrieved from genome and BAC clone sequencing, genomic DNA was extracted from young leaves of
local variety Brindisino [15].

As regards qualitative and nutritional traits, compositional analysis and antioxidant properties
were carried out for both Polignano and Tiggiano carrots, two colored landraces of Daucus carota L.
The local varieties Molfettese and Galatina belong to the Catalogna chicory cultivated group
(Cichorium intybus L.) and produce stems consumed at early growth stage as fresh or processed
vegetables. These elongating inflorescence stems (so-called “puntarelle” that means small shoot tips)
are consumed as fresh, fresh-cut (e.g., sliced into strips and bagged) or fully processed (e.g., cooked and
glass jarred, or frozen) vegetables as ready-to eat foods [4,22]. In a context of request for product quality
standards and uniformity, Molfettese and Galatina chicories were characterized for some nutritive
and quality traits as both fresh and ready-to-use products [22]. These local varieties, used both raw
and cooked, represent a refined and nutritious vegetables, because of the presence of several healthy
compounds as well as their low nitrate content [22,23,26].

In Puglia some plant parts of vegetables, conventionally considered as by-products,
are traditionally used as “unconventional” vegetables. For example, offshoots (so-called cardoni
or carducci) of globe artichoke, produced during the vegetative growing cycle and removed by
common cultural procedures (Figure 7), are consumed in the same way of cultivated cardoons
(Cynara cardunculus L. var. altilis DC).
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The stems, petioles, flowers and smaller leaves of summer squash are used as greens (so-called
cime di zucchini) (Figure 8), similar to other leafy vegetables such as chicory (C. intybus L.) and Swiss
chard (Beta vulgaris L.).
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In addition, the plant apex of faba bean, about 5–10 cm long, obtained from the green pruning,
are used as greens (so-called cime di fava) (Figure 9) such as spinach leaves (Spinacia oleracea L.).

Agriculture 2018, 8, x FOR PEER REVIEW  12 of 23 

 

 

Figure 8. Summer squash greens (so-called cime di zucchini). 

In addition, the plant apex of faba bean, about 5–10 cm long, obtained from the green pruning, 

are used as greens (so-called cime di fava) (Figure 9) such as spinach leaves (Spinacia oleracea L.). 

 

Figure 9. Faba greens (so-called cime di fava). 

Renna et al. [16] showed that offshoots of globe artichoke, summer squash greens and faba 

greens have good potential as novel foods, being nutritious and refined products. In fact, for their 

content of fiber, offshoots of globe artichokes can be considered a useful food to bowel. Summer 

squash greens could be recommended as a vegetable to use especially in the case of hypoglycemic 

diets considering both content and composition of their carbohydrates. For their low content of 

nitrate, faba greens can be recommended as a substitute of nitrate-rich leafy vegetables. 

A particular segment of Puglia’s agro-biodiversity is represented by wild edible plants (WEP), 

which includes some progenitors of cultivated vegetables with which there is a continuum in the 

genetic profile [4]. WEP are a favorite delicacy in many countries and represent an extraordinary 

source of essential elements for the human health. They may be used to diversify and enrich modern 

diet with many colors and flavors, playing an important role in the diet of inhabitants in different 

Figure 9. Faba greens (so-called cime di fava).

Renna et al. [16] showed that offshoots of globe artichoke, summer squash greens and faba greens
have good potential as novel foods, being nutritious and refined products. In fact, for their content of
fiber, offshoots of globe artichokes can be considered a useful food to bowel. Summer squash greens
could be recommended as a vegetable to use especially in the case of hypoglycemic diets considering
both content and composition of their carbohydrates. For their low content of nitrate, faba greens can
be recommended as a substitute of nitrate-rich leafy vegetables.

A particular segment of Puglia’s agro-biodiversity is represented by wild edible plants (WEP),
which includes some progenitors of cultivated vegetables with which there is a continuum in the
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genetic profile [4]. WEP are a favorite delicacy in many countries and represent an extraordinary
source of essential elements for the human health. They may be used to diversify and enrich modern
diet with many colors and flavors, playing an important role in the diet of inhabitants in different
parts of the world [27]. In Puglia, the harvesting of WEP is a time-honored custom and several
species represent the essential ingredient to prepare some traditional food [28]. Renna et al. [27]
determined thirteen elements (Na, K, Ca, Mg, Fe, Mn, Cu, Zn, Cr, Co, Cd, Ni and Pb) in 11
different WEP (Amaranthus retroflexus, Foeniculum vulgare, Cichorium intybus, Glebionis coronaria,
Sonchus spp., Borago officinalis, Diplotaxis tenuifolia, Sinapis arvensis, Papaver rhoeas, Plantago lagopus and
Portulaca oleracea) collected from countryside and urban areas of Bari. According to these authors,
Renna [29] indicated that WEP may give a substantial contribution to the intake of mineral elements
by consumers, representing a potentially good source in the daily diet.

Crenate broomrape (Orobanche crenata Forssk.) is a parasitic plant, which can cause serious damage
to the production of legume crops in much of the Mediterranean basin. However, some authors [30]
have reported its use as a food or folk drug, suggesting that it could be a refined food (Figure 10)
with interesting nutritional traits. Thanks to WP 4 activity, Renna et al. [16] demonstrated that crenate
broomrape may be considered as a very low source of dietary sodium as well as a vegetable with a
low-middle content of nitrate. However, crenate broomrape showed a very interesting antioxidant
activity, since a 100 g serving size supplies about 27 mMol of Trolox Equivalent [16].

Agriculture 2018, 8, x FOR PEER REVIEW  13 of 23 

 

parts of the world [27]. In Puglia, the harvesting of WEP is a time-honored custom and several 

species represent the essential ingredient to prepare some traditional food [28]. Renna et al. [27] 

determined thirteen elements (Na, K, Ca, Mg, Fe, Mn, Cu, Zn, Cr, Co, Cd, Ni and Pb) in 11 different 

WEP (Amaranthus retroflexus, Foeniculum vulgare, Cichorium intybus, Glebionis coronaria, Sonchus spp., 

Borago officinalis, Diplotaxis tenuifolia, Sinapis arvensis, Papaver rhoeas, Plantago lagopus and Portulaca 

oleracea) collected from countryside and urban areas of Bari. According to these authors, Renna [29] 

indicated that WEP may give a substantial contribution to the intake of mineral elements by 

consumers, representing a potentially good source in the daily diet. 

Crenate broomrape (Orobanche crenata Forssk.) is a parasitic plant, which can cause serious 

damage to the production of legume crops in much of the Mediterranean basin. However, some 

authors [30] have reported its use as a food or folk drug, suggesting that it could be a refined food 

(Figure 10) with interesting nutritional traits. Thanks to WP 4 activity, Renna et al. [16] demonstrated 

that crenate broomrape may be considered as a very low source of dietary sodium as well as a 

vegetable with a low-middle content of nitrate. However, crenate broomrape showed a very 

interesting antioxidant activity, since a 100 g serving size supplies about 27 mMol of Trolox 

Equivalent [16]. 

 

Figure 10. Salad of crenate broomrape. 

Sea fennel (Crithmum maritimum L.) is a perennial halophyte species typical of coastal 

ecosystems (Figure 11) used as a fresh ingredient for many food preparations [31]. It is listed as an 

item in the LTAFP of Puglia by the Italian Department for Agriculture. 

Figure 10. Salad of crenate broomrape.

Sea fennel (Crithmum maritimum L.) is a perennial halophyte species typical of coastal ecosystems
(Figure 11) used as a fresh ingredient for many food preparations [31]. It is listed as an item in the
LTAFP of Puglia by the Italian Department for Agriculture.
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Figure 11. Plant of sea fennel on a rock-sandy beach as typical example of natural habitat for
this halophyte.

Nevertheless, although considered as a promising biosaline crop, this halophyte is underutilized
for commercial cultivation possibly due to a shortage of its consumer demand. Being also an aromatic
herb, sea fennel plants may be used not only as fresh product but also as dried herbs. Thus, sea fennel
has been characterized for some nutritive and quality traits as both fresh and dried product [32,33].
Based on these considerations, the possibility to cultivate the sea fennel is under consideration [34].

3.1.5. WP 5—Sanitation and Registration in the LTAFP

In Puglia, many globe artichoke ecotypes remained neglected and unnoticed for a long time and
were progressively eroded by several causes, which include a poor phytosanitary status. Thanks to
this activity a protocol for producing virus-free artichoke genetic resources for conservation, breeding,
and production was carried out [14]. Eight local varieties of globe artichoke (Table 1) were sanitized
from artichoke Italian latent virus (AILV), artichoke latent virus (ArLV) and tomato infectious chlorosis
virus (TICV) by meristem-tip culture and in vitro thermotherapy through a limited number of
subcultures to reduce the risk of “pastel variants” induction of and loss of earliness. A total of
25 virus-free primary sources were obtained and conserved ex situ in a nursery. It is expected that
the use of these sanitized materials supplied by nursery-certified stocks and cultivated in open field
for no more than two years should decrease inoculum potential and will ensure genetic resources for
conservation, breeding and production [14].

As regards the registration of local varieties and related products in the List of “Traditional
Agri-Food Products” (TAFP) of the Italian Department for Agriculture, 34 new registrations were
carried out including fresh and processed vegetable products. In this regard, it is important to
underline that, for all new registrations, it must be demonstrated that processing, preservation and
ageing methods are consolidated in time and harmonious according to traditional rules, for a period of
not less than 25 years. Thus, thanks to the accurate bibliographic and territorial investigation work of
the WP 1, it was possible to acquire this essential information. Table 1 reports the state of art regarding
Puglia local varieties with Protected Geographical Indication or registered as an item in the List of
“Traditional Agri-Food Products” of the Italian Department for Agriculture.
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3.1.6. WP 6—Database

Thanks to this activity, a computerized database called BiodiverSO Management System (BMS)
was achieved. BMS allows to have a tool for correct and immediate management and processing of
data of each project activity.

The dissemination of knowledge about (agro)biodiversity is a strategic factor in communicating
the urgent need to defend and protect biological diversity. Thus, sharing and dissemination of the
many collected information was promoted through the Project’s WEB site (www.biodiversitapuglia.
it), to which users access both to obtain information and report new local varieties (https://
biodiversitapuglia.it/segnala-una-varietaspecie/). The Web GIS (https://biodiversitapuglia.it/
webgis.php), with the cartographic collections, and the App for smartphones and tablets complete the
usability of the information. Moreover, also social media, such as Facebook (https://www.facebook.
com/BiodiverSO) and YouTube (https://www.youtube.com/user/BiodiversitaPuglia), were used for
better sharing collected knowledge.

The interest in using informatic tools for collecting information on agro-biodiversity is increasing,
since they greatly facilitate the collection and sharing of data. Anyway, in some cases, the use of
such tools is not of immediate comprehension for a common user, for example, for the use of APIs,
so an effort should be done to simplify these tools and allow greater participation for general public.
In this optic, during this activity, we tested two tools freely available, namely Open Data Kit and Google
Fusion Tables, to verify if their integrated use would allow a participative collection (and sharing) of
data related to agro-biodiversity. Open Data Kit was used to collect information regarding several
vegetable crops at risk of genetic erosion. This information, including multimedia and GPS data,
were stored into the Google App Engine platform and afterwards was transferred into Google Fusion
Tables for mapping and sharing with the general public. Both tools were tested in real scenarios in the
Italian region of Puglia and the results seem to be encouraging: Open Data Kit has provided a good
platform for the collection of data and it is reliable for georeferencing the fields, while Google Fusion
Tables allowed us to show the data and share them in an easy way [35].

Within this activity, the use of Wikipedia was also proposed as a dissemination tool to show
how to add/modify articles in Wikipedia for online divulgation and to demonstrate its validity by
analyzing some data (pageviews, editing history, and the impact of Wikipedia as a referral toward the
project’s institutional website) related to the Wikipedia articles that were added/modified. Referrals
from Wikipedia increased the visits to the institutional website by 30%, whereas the bounce rate
decreased by 15%. Wikipedia may be a good tool to improve the dissemination of knowledge about
(agro)biodiversity either online or offline, and the addition in Wikipedia’s pages of scientific journal
references and links to the projects’ website may strengthen the diffusion of scientific knowledge [36].

3.1.7. WP 7—Data Sheets Writing

For all recovered local varieties, a descriptive sheet was realized and shared for users (https:
//biodiversitapuglia.it/varieta-orticole/). Moreover, with the aim to create a standardized system of
identification, other data sheets (Figure 12) were realized by using descriptors from International Plant
Genetic Resources Institute (IPGRI), International Union for the Protection of New Varieties of Plants
(UPOV), International Board for Plant Genetic Resources (IBPGR) and Community Plant Variety Office
(CPVO). Finally, genetic and nutritional data sheets were also realized by using results obtained from
the WP 4 activity.

www.biodiversitapuglia.it
www.biodiversitapuglia.it
https://biodiversitapuglia.it/segnala-una-varietaspecie/
https://biodiversitapuglia.it/segnala-una-varietaspecie/
https://biodiversitapuglia.it/webgis.php
https://biodiversitapuglia.it/webgis.php
https://www.facebook.com/BiodiverSO
https://www.facebook.com/BiodiverSO
https://www.youtube.com/user/BiodiversitaPuglia
https://biodiversitapuglia.it/varieta-orticole/
https://biodiversitapuglia.it/varieta-orticole/
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3.1.8. WP 8—In situ Conservation

As a result of this activity, 22 farms were funded for the in situ reproduction and cultivation.
The financial support was provided for a five-year period to the so-called seed savers committed to
in situ preserving the plant genetic resources. Moreover, some landraces and old open-pollinated
varieties of vegetables have been kept alive within communities without any financial support by old
farmers who act as seed savers (Figure 13).
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a cuore di bue”, a local variety of cabbage (Brassica oleracea L. var. capitata [L.] DC.) (Photo credit:
Beniamino Leoni)

3.2. Case Study

Until a few years ago, a multicolored landrace of Daucus carota L., known locally as yellow–purple
Polignano carrot (PC) (Figure 14) was at high risk of genetic erosion. Therefore, under the BiodiverSO
project, several tasks were performed within each of the eight project activities with the aim of verifying
the effectiveness of these actions in terms of safeguarding this genetic resource strongly linked with
local traditions.
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Following bibliographic and territorial investigations (WP 1), documentary evidence supports
that the PC has been cultivated for decades by local smallholder farmers in Southern Italy [17] around
the town of Polignano a Mare, which is located in the southern part of the metropolitan area of Bari
(41◦0′0′ ′ N 17◦13′0′ ′ E). The presence of carrots in Italy is established about the end of thirteenth or
the beginning of the fourteenth century, probably from Arab countries through Venice, since it had
an important trade with the Middle-East countries at that time [37]. Moreover, the presence of the
carrot cultivation in Puglia is established at least since 1736 [18], while to the best of our knowledge it
is possible to establish the cultivation of the PC at least since 1940 [17]. Thanks to this activity, several
knowledge and traditions related to the crop cycle of PC were retrieved and shared using social media
(https://www.youtube.com/watch?v=S_fYKNnkkE4). The “seed” (it is an achene actually) used
for planting is produced every year by the smallholder farmers. In late summer, from mid-August
to mid-September, sowing is performed by a mechanical seeder placing each seed at a depth of
2–3 cm, about 2–3 cm apart with a distance of 30 cm between rows, resulting in a seeding density
of 90–120 plants m−2 [19]. Soil fertility remaining from the previous crop is sufficient to satisfy the
needs of the PC, so the PC requires no fertilization. Because of the proximity of the fields to the coast,
irrigation water, extracted from underground wells (at a depth of 15–20 m), is typically brackish with
electrical conductivity (EC) ranging from 3 to 4 dS m−1 [17]. The relatively high EC of the irrigation
water is probably the main factor positively affecting carrot flavor. Harvesting normally starts in
mid-December and lasts until April–May, and is performed manually using a pitchfork and is probably
the most difficult step in the cultivation of this landrace [17].

Seeds of PC (Figure 15) were recovered (WP 2) to be used for ex situ conservation (WP 3) through
long-time seeds preservation in seed banks as well as by in vitro techniques (Figure 16). In addition,
a catalog field was realized by using soilless systems within the greenhouse (Figure 17) of the “La
Noria” experimental farm - National Research Council, Bari, Italy.
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Figure 17. Catalog field of Polignano carrot realized by using soilless systems within the greenhouse of
the “La Noria” experimental farm—National Research Council, Bari, Italy.

As regards characterization (WP 4), PC showed a total glucose, fructose and sucrose content
(on average 4.38 g/100 g FW) about 22% lower than orange commercial varieties [17]. On the other
hand, this landrace showed a relative sweetness similar to some commercial carrots [17], because the
highest contributor to the relative sweetness in the PC is fructose (43.5%) which contributes to its
distinctive flavor as well as to its glycemic index [17]. The roots of the PC have various skin colors
which allow them to be separated into three groups: yellow, orange and purple. The purple form
of PC showed an antioxidant activity (on average 42.7 mg of Trolox equivalent/100 g FW) about
tenfold higher than yellow and orange types [17]. Likewise, the total amount of phenolics in the
purple PC (67.6 mg/100 g FW, on average) was fourfold higher than in yellow and orange types [17].

https://biodiversitapuglia.it
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Regarding the content of total carotenoid, the purple type of PC showed an amount (on average
43.3 mg/100 g FW) 5.6- and 4.7-fold higher than yellow and orange types, respectively, while the
β-carotene content in the purple type (on average 15.5 mg/100 g FW) was 3.5- and 5.9-fold higher
compared to yellow and orange PC, respectively. Following physiological analysis, a drawback
showed by this landrace is the short shelf-life of the roots, even at low temperatures, because of its
high respiration rate; its roots are therefore considered perishable and difficult to store as a fresh
product [38].

Thanks to the information obtained by WP 1 activity, in 2015, the PC was registered (WP 5) in
the LTAFP of the Italian Department for Agriculture since it was demonstrated that its cultivation
and processing are consolidated in time and harmonious according to traditional rules at least from
25 years.

Sharing and dissemination of the many collected information on database regarding PC (WP 6)
was promoted also through Web 2.0 tools. A Wikipedia page about the PC was created from scratch
(http://wiki.biodiversitapuglia.it/Carota_di_Polignano), receiving more than 15,000 page views
in less than two years [25]. Moreover, a descriptive sheet was also realized and shared for users
(https://biodiversitapuglia.it/varieta-orticole/carota-di-polignano/).

Finally, the in situ conservation (WP 8) is realized by pensioners (60–75 years old) who act as seed
savers (Figure 18) on very small areas. For this reason, no farmer has applied for agri-environmental
funding under Puglia RDP. Such an omission puts this ancient local variety at potential higher risk
of genetic erosion in comparison with other genetic resources. To face this risk, smallholder farmers
consumers and processors of this landrace have created the association “La bastinaca di San Vito”,
and have added it to the Slow Food Presidia of traditional products. In this regard, the Presidia
seek to promote sustainable farming systems and, in particular, the protection of the local varieties
at risk of genetic erosion as well as local traditions. The Slow Food Presidia is a project that aims to
protect a community of farmers and promote their artisan food products. In this way, it is possible to
stimulate market opportunities and valorize a territory through the use of a model of sustainable and
environmentally friendly agriculture. At the same time, local traditions and cultural identity of people
are also preserved and promoted [39].
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4. Conclusions

The Puglia RDP is an example of protection and recovery of vegetables at risk of genetic erosion,
and its implementation through integrated projects such as BiodiverSO could help to identify and
valorize much of these plant germplasms. Nevertheless, the financial support to seed savers for
realizing the in situ conservation is too limited if aimed to provide an adequate incentive for cultivation.
Therefore, it is important to highlight that in situ conservation of genetic resources needs to be based
not only on institutional programs, but mainly on the possibility, especially for young growers, to use
these resources for productive activities which would imply a real income. Moreover, the potential
strategy of integrating institutional programs with research and development projects, could be a
model useful to preserve the biodiversity of vegetable crops.
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