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Abstract: Biodiversity is the natural heritage of the planet and is one of the key factors of sustainable
development, due to its importance not only for the environmental aspects of sustainability but
also for the social and economic ones. The purpose of this Special Issue is to publish high-quality
research papers addressing recent progress and perspectives while focusing on different aspects
related to the biodiversity of vegetable crops. Original, high-quality contributions that have not
yet been published, or that are not currently under review by other journals, have been gathered.
A broad range of aspects such as genetic, crop production, environments, customs and traditions
were covered. All contributions are of significant relevance and could stimulate further research in
this area.

Keywords: agriculture; landraces; local varieties; plant genetic resources populations; wild edible plants

1. Introduction

Intensive agriculture has generally determined a higher productivity, but also a decrease in
agro-biodiversity, whose preservation represents a key-point to assure adaptability and resilience
of agro-ecosystems to the global challenge (to produce more and better food in a sustainable way).
Many components of agro-biodiversity would not survive without human interference, but human
choices may also represent a threat for agro-biodiversity preservation [1].

The biodiversity in vegetable crops is underpinned by genetic diversity, which includes species
diversity (interspecific diversity), the diversity of genes within a species (intraspecific diversity) that
refers to the vegetable grown varieties, and by the diversity of agro-ecosystems (agro-biodiversity).
Intraspecific diversity is very abundant in vegetable crops and is not reflected, at least not at the same
extent, in other groups of crops. The labor operated by farmers over centuries of selection has led to
the creation of a plurality of local varieties starting from the domestication of a wide agro-biodiversity
forms, a precious heritage both from a genetic and a cultural-historical point of view. Therefore,
the agro-biodiversity related to vegetable crops has assumed very articulated connotations. It is also
important to specify that a “local variety” (also called a landrace, farmer’s variety, or folk variety)
is a population of a seed- or vegetative-propagated crop characterized by greater or lesser genetic
variation, which is however well identifiable and which usually has a local name [1].

In facing the challenges of the modern vegetable growing sector, the many expressions of vegetable
biodiversity are a key source for genetic improvement programs, and play a crucial role to produce
innovative vegetables with improved qualitative characteristics (crop diversification and new crops),
to realize more environmentally sustainable agro-systems, to cope with issues of climate change, and to
find better adaptation to marginal soil conditions (salinity, atmospheric pollutants, etc.), while not
forgetting the need to recover and maintain links with history and folk traditions [2].

Agriculture 2019, 9, 47; doi:10.3390/agriculture9030047 www.mdpi.com/journal/agriculture1
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Unfortunately, the genetic diversity of vegetable crops in many regions of the world 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 vary in relation to the type of genetic resource and location [1].

In this view, it is important to create a biodiversity network in order to promote the exchange of
information between stakeholders and facilitate the diffusion and protection of these genetic resources
by: collecting and preserving memories and knowledge of biodiversity in vegetable crops; retrieving
and identifying such landraces wherever they can be found; characterizing, cataloguing and preserving
them [3–5]. On the other hand, it must be underlined that the conservation of genetic biodiversity
should be based not only on institutional and private plant breeders and seed banks, but mainly on
the vast number of growers who continuously select, improve, and use vegetable biodiversity at the
local scale. This availability of in situ biodiversity may be able to meet not only the requirements of
breeders, but also the needs of specific niche markets, characterized by high demand for local products
grown with environmentally-friendly farming techniques [3,4].

The purpose of this Special Issue is to publish high-quality research papers addressing recent
progress and perspectives in different aspects related to the biodiversity of vegetable crops.

2. Papers in This Special Issue

The Special Issue “Biodiversity of Vegetable Crops, A Living Heritage” presents ten papers,
focusing on a wide range of research activities and topics.

The first article concerns “A Protocol for Producing Virus-Free Artichoke Genetic Resources
for Conservation, Breeding, and Production” by Roberta Spanò, Giovanna Bottalico, Addolorata
Corrado, Antonia Campanale, Alessandra Di Franco and Tiziana Mascia [6]. This research article
starts by suggesting that the potential of the globe artichoke biodiversity in the Mediterranean area is
enormous but at risk of genetic erosion because only a limited number of varieties are vegetatively
propagated and grown. In Puglia (Southern Italy), many globe artichoke ecotypes remained neglected
and unnoticed for a long time and have been progressively eroded by several causes, including a poor
phytosanitary status. This article describes a sanitation protocol based on the combination of in vitro
meristem-tip culture and thermotherapy for the production and the ex situ conservation of virus-free
propagation material of artichoke, in accordance with the EU Directives 93/61/CEE and 93/62/CEE.
Five Apulian local varieties (Bianco di Taranto, Francesina, Locale di Mola, Verde di Putignano and
Violetto di Putignano) were sanitized from artichoke Italian latent virus (AILV), artichoke latent virus
(ArLV) and tomato infectious chlorosis virus (TICV) and a total of 25 virus-free primary sources were
obtained and conserved ex situ in a nursery.

The second contribution explores “The Deterioration of Morocco’s Vegetable Crop Genetic
Diversity: An Analysis of the Souss-Massa Region” by Stuart Alan Walters, Rachid Bouharroud,
Abdelaziz Mimouni and Ahmed Wifaya [7]. In this article, an assessment of the current status
of vegetable landraces in the Anti-Atlas mountain areas of the Souss-Massa region (Southwestern
Morocco) performed during 2014 is reported. It outlines how crop domestication and breeding efforts
during the last half-century in developed countries significantly reduced the genetic diversity in
Morocco. Results of this research showed that a significant loss of vegetable crop landraces (about
80-90%) has occurred in the last 30 years in this region of Morocco. Vegetable landraces that were
notably lost during this time period included carrot (Daucus carota L.), fava beans (Vicia faba L.),
melon (Cucumis melo L.), pea (Pisum sativum L.), watermelon (Citrullus lanatus L.), and especially tomato
(Solanum lycopersicon L.). Authors highlighted that this genetic erosion will have a profound influence
on future Moroccan agricultural productivity, since the genetic diversity within these landraces may
be the only resource available to allow local farmers to cope with changing environmental conditions
and optimize crop production in their harsh climate.

The third paper illustrates the “Quality and Nutritional Evaluation of Regina Tomato, a Traditional
Long-Storage Landrace of Puglia (Southern Italy)” by Massimiliano Renna, Miriana Durante,
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Maria Gonnella, Donato Buttaro, Massimiliano D’Imperio, Giovanni Mita and Francesco Serio [8].
Regina (Italian for “Queen”) tomato, an Italian local variety grown in the coastal saline soils of
the central Puglia, is listed as an item in the ‘List of Traditional Agri-Food Products’ of the Italian
Department for Agriculture and itemized as ‘Slow Food presidium’ by the Slow Food Foundation.
This local variety is classified as a long-storage tomato since it can be preserved for several months
after harvest thanks to its thick and coriaceous skin. In this research article three ecotypes were
investigated for the main physical and chemical traits both at harvest and after three months of
storage. Experimental results indicate that Regina tomato has a qualitative profile characterized
by high concentrations of tocopherols, lycopene and ascorbic acid even after a long storage time,
as well as lower average glucose and fructose contents compared to other types of tomatoes. Authors
highlighted the high nutritional value of this local variety, especially for people with specific dietary
requirements, as well as the possibility to use these results as a tool for obtaining the Protected
Geographical Indication or Protected Designation of Origin mark.

The fourth article is the “Cultivation of Potted Sea Fennel, an Emerging Mediterranean Halophyte,
Using a Renewable Seaweed-Based Material as a Peat Substitute” by Francesco Fabiano Montesano,
Concetta Eliana Gattullo, Angelo Parente, Roberto Terzano and Massimiliano Renna [9]. Sea fennel
(Crithmum maritimum L.) is a halophyte species belonging to the Apiaceae family that is used in folk
medicine as well as in many traditional dishes for its interesting sensory attributes. For this research,
the authors used three posidonia (Podisonia oceanica (L.) Delile)-based composts (a municipal organic
solid waste compost, a sewage sludge compost, and a green compost) by hypothesizing that the
halophytic nature of sea fennel allows to overcome the limitations of high-salinity compost-based
growing media. Results of this research article show the possibility of using posidonia compost-based
substrates without any negative effect on the sea fennel growth in comparison with a commercial
peat substrate. Therefore, the authors suggest that these substrates can be used as a sustainable
peat substitute for the formulation of soilless mixtures to grow potted sea fennel plants, even up to
a complete peat replacement.

The fifth contribution titled “Phytochemical Analysis and Antioxidant Properties in Colored
Tiggiano Carrots” by Aurelia Scarano, Carmela Gerardi, Leone D’Amico, Rita Accogli and Angelo
Santino” [10] assesses the content of carotenoids, anthocyanins, phenolic acids, sugars, organic acids,
and antioxidant activity in a carrot landrace of Southern Italy also called Carrot of Saint Ippazio.
The authors indicated that this yellow-purple carrot has a higher level of bioactive compounds,
together with the highest antioxidant capacity, compared to the yellow and cultivated orange varieties.
These results point out the nutritional value of Tiggiano carrots and may contribute to the valorization
of this local variety. Moreover, the presence of bioactive compounds highlights on the possible
activation of the anthocyanin biosynthetic pathway in the taproots.

The sixth article is “Conservation of Crop Genetic Resources in Italy with a Focus on Vegetables
and a Case Study of a Neglected Race of Brassica Oleracea” by Karl Hammer, Vincenzo Montesano,
Paolo Direnzo and Gaetano Laghetti [11]. In this study the authors provide a summary of the
conservation strategies for autochthonous agrobiodiversity in Italy with a special focus on vegetables.
The paper also offers an outlook on the most critical factors of ex situ conservation and actions which
need to be taken. Some examples of ‘novel’ recovered neglected crops are also given. Finally, a case
study is proposed on ‘Mugnolicchio’, a rare landrace of Brassica oleracea L., cultivated in Southern Italy,
that might be considered as an early step in the evolution of broccoli (B. oleracea L. var. italica Plenck).

The seventh contribution concerns “Issues and Prospects for the Sustainable Use and Conservation
of Cultivated Vegetable Diversity for More Nutrition-Sensitive Agriculture” by Gennifer Meldrum,
Stefano Padulosi, Gaia Lochetti, Rose Robitaille and Stefano Diulgheroff [12]. This study reviewed
the uses, growth forms and geographic origins of cultivated vegetables worldwide and the levels of
research, ex situ conservation, and documentation they have received in order to identify gaps and
priorities for supporting a more effective use of global vegetable diversity. A total of 1097 vegetables
were identified in a review of the Mansfeld Encyclopedia of Agricultural and Horticultural Plants.
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The article reports that documentation for most vegetable species is poor and the conservation of many
vegetables is largely realized on farms through continued use. Therefore, the authors suggest that
supportive policies are needed to advance research, conservation, and documentation of neglected
vegetable species to protect and further their role in nutrition-sensitive agriculture.

The eighth paper illustrates “BiodiverSO: A Case Study of Integrated Project to Preserve the
Biodiversity of Vegetable Crops in Puglia (Southern Italy)” by Massimiliano Renna, Francesco F.
Montesano, Angelo Signore, Maria Gonnella and Pietro Santamaria [13]. Puglia region (southern Italy)
is particularly rich in agro-biodiversity, representing an example of how local vegetable varieties
can still strongly interact with modern horticulture [1]. 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. Moreover, a case study is proposed on the Polignano carrot,
a multicolored landrace of Daucus carota L. strongly linked with local traditions. Overall, the authors
suggest 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 facilitate a real income.

The ninth paper regards “Patterns of Genetic Diversity and Implications for In Situ Conservation
of Wild Celery (Apium graveolens L. ssp. graveolens)” by Lothar Frese, Maria Bönisch, Marion Nachtigall
and Uta Schirmak [14]. This study has been carried out to support in situ conservation actions regarding
the wild ancestor of celery and celeriac in Germany. Seventy-eight potentially suitable genetic reserve
sites representing differing eco-geographic units were assessed with regard to the conservation status
of the populations. The authors determined the structures of genetic diversity within the sampled
material as well as the differences in trait distribution between occurrences. The article recommended
that 15 sites among those identified be used to form a genetic reserve network. This organizational
structure appears to be suitable for promoting the in situ conservation of intraspecific genetic diversity
and the species’ adaptability. Moreover, the authors highlight that genetic reserves are conservation
projects that require the support and active collaboration of local people without which a genetic
reserve can neither be established nor maintained over an effectively long period.

The tenth article concerns the “Diversity of Cropping Patterns and Factors Affecting Homegarden
Cultivation in Kiboguwa on the Eastern Slopes of the Uluguru Mountains in Tanzania” by Yuko
Yamane, Jagath Kularatne and Kasumi Ito [15]. This paper focuses on the diversity of the cropping
pattern observed in homegardens distributed on the eastern slopes of the Uluguru Mountains (Central
Tanzania) and how this diversity developed. Participatory observation with a one year stay in the
study village was conducted to collect comprehensive information and to detect specific factors about
formation of diversity cropping patterns of homegardens. The authors indicated that the diversity
of the cropping patterns observed in the homegardens in the target study village was influenced by
factors related to regional characteristics such as the regional history and the customs and policies.
In addition, ecological diversity, distributed on the slopes of the mountains from around 650 m to
around 1200 m, also makes the cropping pattern diverse. The authors also highlighted a useful
inductive method of analysis to facilitate an essential understanding of this ecological diversity.

3. Conclusions

In conclusion, the papers of this special issue cover a broad range of aspects and represent some of
the recent research results regarding the topic of agro-biodiversity, which continues to be significantly
relevant for both genetic and agriculture applications. We think that this special issue may stimulate
further research in this area.

Author Contributions: All coeditors equally contributed to organizing the special issue, to editorial work, and to
writing this editorial.
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Abstract: The potential of the globe artichoke biodiversity in the Mediterranean area is enormous
but at risk of genetic erosion because only a limited number of varieties are vegetatively propagated
and grown. In Apulia (southern Italy), the Regional Government launched specific actions to rescue
and preserve biodiversity of woody and vegetable crops in the framework of the Rural Development
Program. Many globe artichoke ecotypes have remained neglected and unnoticed for a long time
and have been progressively eroded by several causes, which include a poor phytosanitary status.
Sanitation of such ecotypes from infections of vascular fungi and viruses may be a solution for their
ex situ conservation and multiplication in nursery plants in conformity to the current EU Directives
93/61/CEE and 93/62/CEE that enforce nursery productions of virus-free and true-to-type certified
stocks. Five Apulian ecotypes, Bianco di Taranto, Francesina, Locale di Mola, Verde di Putignano
and Violetto di Putignano, 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.

Keywords: artichoke; ecotype; virus-sanitation; meristem-tip culture; thermotherapy

1. Introduction

Globe artichoke (Cynara cardunculus L. var. scolymus) is a species native to the Mediterranean basin
that is gaining commercial interest for its dietary and pharmaceutical value. Out of the Mediterranean
area, production occurs also in the Middle East, North Africa, South America, United States, and China.

Italy is the leading world producer of globe artichoke and probably hosts the most abundant
in situ diversity of the species. Apulia (southern Italy) (Figure 1) accounts for 33% of the total
Italian production estimated at 470,000 tons (FAOSTAT 2011) and harbors many artichoke varieties
representing an inestimable source of germplasm [1–5]. Most of the germplasm has remained neglected
and unnoticed for a long time and has been progressively eroded by several causes [6], which include a
poor phytosanitary status [7]. This condition stalled until the Apulian Regional Government launched
two specific actions in the framework of the 2007–2013 Rural Development Program (RDP): action
214/3 “Protection of biodiversity” and action 214/4 “Integrated projects and regional biodiversity
system”. Both the actions were aimed at identifying, rescuing and preserving biodiversity of woody

Agriculture 2018, 8, 36; doi:10.3390/agriculture8030036 www.mdpi.com/journal/agriculture6
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and vegetable crops grown in rural areas of the Region. Globe artichoke was included in the list as one
of the vegetable species recognized at risk of genetic erosion.

Compared with the abundance and diversity of the ecotypes available, only a limited number of
varieties are grown in Apulia, which is, by itself, indicative of genetic erosion. Most of the ecotypes
probably belong to the same genetic background but their name derived from the place where they
were traditionally cultivated.

Globe artichoke is grouped as early-flowering or late-flowering type based on the time the capitula
appear. Early-flowering types cluster with the “early Mediterranean group” and produce capitula
between autumn and early spring, if water is supplied to dormant underground shoots and buds
during summer. Conversely, late-flowering types produce capitula during spring and early summer.
Despite the recent introduction of new variety types propagated by seeds, vegetative propagation
through shoots and buds remains the preferred method for the new plantings of traditional globe
artichoke varieties.

Implementation of globe artichoke propagation material with unknown phytosanitary status
has led to the transmission and accumulation in the same plant of threatening pathogens such as
vascular fungi and viruses for which no efficient control measures are available [7]. Over time, severe
production losses and reduced quality have led to the shifting of crops from the south of the Bari area
to the north of the region, in the Foggia province (Figure 1). However, since the material used for the
new plants was infected by the vascular fungus Verticillium dahliae and by symptomless viruses these
pathogens were simply transferred to the new growing areas with transitory and poor benefits to the
globe artichoke market. The virome (sensu [8]) of globe artichoke may be unexpectedly complex as
it includes at least 25 virus species in 10 taxonomic families that adversely affect both quality and
productivity of the crop (Table 1). Some of the viruses are widespread whereas others are endemic
of the Mediterranean area and frequently asymptomatic in globe artichoke. Additionally, nothing is
known about viruses infecting globe artichoke at subliminal levels or viral sequences embedded in the
host genome, which are the newly recognized components of plant virome [8–10].

While the abundant in situ biodiversity of globe artichoke represents an invaluable genetic
resource for breeders, industry, and consumers, at the same time, it is imperative to find a way to
restore and maintain a sanitary status compatible with the conservation of such biodiversity. Plant
nurseries offer a solution for the ex situ maintenance and provision of virus-free planting material to
farmers and breeders because the current EU Directives 93/61/CEE and 93/62/CEE enforce nursery
productions to be based on virus-free and true-to-type certified stocks.

Here we describe a sanitation protocol based on the combination of in vitro meristem-tip culture
and thermotherapy for the production and the ex situ conservation of virus-free propagation material
of five local varieties of globe artichoke, relevant to the Apulian RDP and in conformity to the EU
Directives 93/61/CEE and 93/62/CEE.
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Figure 1. Apulian artichoke ecotypes subjected to sanitation from virus infection by meristem-tip and
thermotherapy (a) “Bianco di Taranto”; (b) “Francesina”; (c) “Locale di Mola”; (d) “Verde di Putignano”;
(e) “Violetto di Putignano”; (f) Map of province sub-areas of Apulia region. (Photo (a,b,d,e) courtesy of
Dr. Gabriella Sonnante, CNR IBBR collection, Bari, Italy; photo (c), courtesy of Prof. Pietro Santamaria,
University of Bari Aldo Moro, Bari, Italy).

2. Materials and Methods

2.1. Plant Material and Assessment of the Sanitary Status

Offshoots of the Apulian early-flowering artichoke ecotypes “Francesina” (synonym “Violetto di
Brindisi”, “Violetto di San Ferdinando”) “Verde di Putignano”, “Violetto di Putignano” and “Locale
di Mola” and of the late-flowering ecotype “Bianco di Taranto” (Figure 1) were collected from local
farmers and maintained in a commercial nursery Plant as “standard initial material”. Offshoots
were tested for the presence of the following artichoke viruses considered economically relevant by
the Directive 447-03/08/12 of the Apulian Regional Government (Table 1): artichoke Italian latent
virus (AILV); artichoke latent virus (ArLV); artichoke mottled crinkle virus, (AMCV); bean yellow
mosaic virus (BYMV); cucumber mosaic virus (CMV); pelargonium zonate spot virus (PZSV); tomato
infectious chlorosis virus (TICV); tobacco mosaic virus (TMV); tomato spotted wilt virus (TSWV) and
turnip mosaic virus (TuMV). Tests were carried out by dot-blot hybridization following the protocol of
Minutillo et al. [11]. Chemiluminescent signals derived from the Digoxigenin-labelled DNA probes
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were acquired by exposing the membrane under a Chemi-Doc apparatus (Bio-Rad) and analyzed with
Quantity One software (Bio-Rad).

2.2. Plant Sanitation Protocol

Young offshoots (10–15 cm) were collected from symptomless plants of each artichoke ecotype
grown in situ by local farmers and transplanted into pots to be maintained ex situ in the nursery.
Five shoots of each ecotype were used for the sanitation protocol (Figure 2). Each shoot was washed
with tap water, disinfected with a 20% [v/v] of a commercial bleach solution (40 g·L−1 active chlorine)
for 20 min, and then washed three times with sterile distilled water under a laminar flow hood.

Figure 2. Schematic representation of sanitation workflow to produce virus-free artichoke
plants using in vitro meristem-tip culture combined with thermotherapy. Red arrows indicate
the workflow of sanitation protocol performed on young offshoots collected from farmers until
thermotherapeutic treatment. Green arrows indicate the workflow of sanitation protocol performed
after thermotherapy treatment.

Shoot meristem-tips (0.2–0.4 mm) were excised under a stereomicroscope and cultured into
60 mL polystyrene containers with 10 mL of propagation medium 1 (PM1), pH 5.8, consisting of a
basal medium (BM) supplemented with 4.9 μM γ·γ dimethylallilminopurine (2ip), 2.8 μM gibberellic
acid (GA3), 5.7 μM indoleacetic acid (IAA) and MS vitamins [12], to set up appropriate in vitro
conditions [13]. The BM contained MS macronutrients, NN micronutrients [14], 68 μM Fe-EDTA,
2% [w/v] sucrose and 0.7% [w/v] agar.

Shoot meristem-tips were incubated at 24 ± 1 ◦C in a growth chamber with a 16-h light
photoperiod at 4000 lx LED light intensity. Viable shoots were transferred to fresh PM1 at 20-day
intervals. After three sub-cultures on PM1, young shoots (2–3 cm) were transferred into 200 mL
glass culture vessels with 30 mL of proliferation medium 2 (PM2) containing BM, 0.46 μM Kinetin,
0.5 μM 1-naphthaleneacetic acid (NAA), Z4 vitamins [15], 5.6 mM ascorbic acid and 5.2 mM citric acid.
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After two sub-cultures, lateral young shoots were transferred to PM1 and exposed at 38 ± 1 ◦C for two
cycles of 20-days each, in a growth chamber with a 16-h light photoperiod at 5000 lx cool light intensity.

After thermotherapy, shoot meristem-tips were excised from explants that survived treatment
and sub-cultured again on PM1 and PM2, as described above. Young shoots (3–4 cm) were transferred
to 200 mL glass culture vessels containing 30 mL of rooting induction medium 1 (RM1), containing BM,
55.5 μM myo-inositol, 0.3 μM thiamine HCl, 0.4 mM adenine sulfate and 14.7 μM indole-3-butyric acid
(IBA). After 15-day induction on RM1, rhizogenesis was obtained by transferring shoots on rooting
medium 2 (RM2), containing BM supplemented with 55.5 μM myo-inositol, 0.3 μM thiamine HCl and
57 μM IAA.

The rooted micro-rosettes were transplanted to pre-compressed peat disks (Jiffy-7® pellet) soaked
with a solution of 7.4 μM IBA and grown at 23 ± 1 ◦C in an acclimatization room with 16-h light
photoperiod at 3000 lx LED light intensity. Over the 20–25 days of the acclimatization phase, relative
humidity (RH) was gradually reduced from 85–90% to 55–60%. Acclimatized plants were transferred
to a greenhouse and grown at 18–20 ◦C, 55–60% RH and 16-h cool light photoperiod.

Plants grown in the greenhouse were tested for virus presence by dot-blot hybridization,
as described above and by reverse-transcription polymerase chain reaction (RT-PCR) using primer
pairs and protocols described by Minutillo et al. [11]. Virus-free clones were transferred to the nursery
to set up a collection of virus-free “primary sources” (Figure 3). After six months maintenance
and multiplication in the nursery Plant, primary sources were checked again for virus presence by
dot-blot hybridization.

Figure 3. RT-PCR performed with primer pairs specific for (a) ArLV; (b) AILV and (c) TICV on nucleic
acid extracted from primary sources of the five ecotypes of globe artichoke (BT, Bianco di Taranto;
Fr, Francesina; VeP, Verde di Putignano; ViP, Violetto di Putignano; LM, Locale di Mola).

3. Results

Results from dot blot hybridization revealed that only the offshoots collected from the ecotype
“Francesina” did not harbor infection of any of the viruses tested, while the other ecotypes considered
in this study had single or mixed infections by ArLV, AILV and TICV (Table 2). Nonetheless, all the
ecotypes were included in the sanitation protocol. Only 36% of the young offshoots derived from
meristem tips were stabilized in vitro. The rest of the stock became contaminated by fungi, which had
not been removed by the sterilization procedure.

After two cycles of sub-culture in PM2 the number of explants increased with a multiplication
rate (MR) ranging from 2.8 to 7 with a mean value of 3.74 ± 1.8, allowing the obtaining of a sufficient
number of shoots to enter the next phase of in vitro thermotherapy. Some of the explants died
during the treatment while an average of 75% of micro-rosettes survived and entered the second
cycle of meristem-tip culture. During the second cycle the number of explants increased with a
multiplication rate (MR) that was very similar to the MR recorded in the first phase of the sanitation
protocol and mostly similar among the ecotypes tested. On the contrary, rooting capacity (RC) was
extremely variable (Table 2). There was an inverse relationship between MR and RC as to a higher
MR corresponded a reduced RC. This problem was partially resolved by the addition of 14.7 μM
IBA in RM1 followed by 57 μM IAA in RM2 that gave acceptable root and shoot regeneration for all
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the ecotypes. In our study, the ecotype “Verde di Putignano” showed the highest RC (89.7%) and a
MR of only 2.7. Conversely, the ecotype “Locale di Mola” had the highest MR (7) and a RC of 15.4%.
The ecotypes “Bianco di Taranto” and “Violetto di Putignano” showed intermediate results while the
ecotype and Francesina had the, lowest RC (Table 2).

Finally, our results showed that plant survival during acclimatization phase was clearly affected
by the robustness of the radical apparatus. Eighty-five percent of the rooted plants acclimatized
successfully, whereas only 10% of the poorly rooted or unrooted plants were able to survive in
greenhouse conditions. After the completion of sanitation protocol and acclimatization (Figure 2),
we obtained a total of 25 primary sources (Table 2) that resulted virus-free when tested by dot blot
hybridization and RT-PCR (Figure 3). This condition was maintained after a six-month culture and
multiplication in the nursery when all the plants were checked again (Figure 4). After multiplication
the number of primary sourced raised to 361 plants of Bianco di Taranto, 273 plants of Violetto di
Putignano, 78 plants of Verde di Putignano, 69 plants of Francesina and 98 plants of Locale di Mola.

Table 2. Viruses detected in the off-shoots of globe artichoke ecotypes collected from farmers and their
multiplication rates (MR) and rooting capacity (RC) obtained during the sanitation protocol.

Ecotype
Standard
Material 1

Virus
Detected 2

Stabilized
Shoots 3 MR 4 RC 5 Primary

Sources 6

Bianco di Taranto 5 ArLV 3 2.8 68.9% 6
Francesina 5 - 1 3 12.5% 1

Verde di Putignano 5 TICV 2 2.7 89.7% 9
Violetto di Putignano 5 TICV 1 3.2 63.6% 7

Locale di Mola 5 ArLV, AILV 2 7 15.4% 2
1 Number of initial offshoots of each ecotype that entered the sanitation protocol; 2 Viruses detected by Dot-blot
hybridization in each offshoot of standard material; 3 Number of shoots obtained after three sub-culture cycles in
PM1; 4 MR after two sub-culture cycles in PM2; 5 RC after two sub-culture cycles in RM2; 6 Total number of primary
sources obtained for each ecotype at the end of the sanitation protocol.

Figure 4. (a) Virus-free primary sources of the five ecotypes of globe artichoke maintained in the
nursery “F.lli Corrado S.r.L.” Greenhouse lateral openings and doors are protected with aphid-proof
screens to preserve the phytosanitary condition obtained with the sanitation protocol; (b) Clonal in vivo
multiplication of primary sources.

4. Discussion

The detection of mixed infections in symptomless artichoke plants confirmed that the selection
of offshoots from these plants for vegetative multiplication does not guarantee the absence of virus
infections. The occurrence of TICV infection in the two varieties collected from the Putignano area
in the province of Bari is relevant from the eco-epidemiological point of view (Figure 1). TICV is an
emerging pathogen [16,17] transmitted semi-persistently by the whitefly Trialeurodes vaporariorum,
but not by Bemisia tabaci. Previous investigations in Italy detected TICV in tomato and globe artichoke
in Liguria, Sardinia, Latium, Campania, and Sicily. Artichoke plants infected by TICV did not show

13



Agriculture 2018, 8, 36

clear symptoms or, at most, they showed interveinal yellowing of the leaves but in all instances, plants
were infested with high populations of T. vaporariorum [18,19] that ensured transmission of the virus
to other susceptible crops. In Apulia, the virus was recorded for the first time in mixed infection
with TSWV in a tomato greenhouse in the Lecce province [20] and a second time in 2015 in another
tomato greenhouse in the Bari province [21]. Interestingly, the two ecotypes “Violetto di Putignano”
and “Verde di Putignano” infected by TICV were grown in the same area of the Bari province and
infections may have been the result of intense fluctuations of T. vaporariorum, which are very common.
Such symptomless artichoke plants escape roguing and may act as perennial TICV reservoirs from
where populations of T. vaporariorum can acquire the virus and cause outbreaks on tomato.

The sanitation protocol was applied to all the offshoots collected. During the experimental
procedure, we identified three critical steps. The first critical phase was the in vitro stabilization of
meristem-tips cut from the young offshoots because only 36% of them were stabilized in vitro and used
for the culture. The high rate of contamination observed were probably due to vascular fungi localized
internally. This initial loss of explants was offset by a high multiplication rate that was considered
satisfactory and in the range of 3.7–4.8 new shoots per explant obtained in other studies ([22] and
references quoted therein). Based on previous experience [23], we did not proceed with further
subcultures to reduce the risk for the induction of “pastel variants” and loss of earliness [24] for the
early-flowering ecotypes.

Generally, in vitro thermotherapy is the second critical step, but compared to previous
experience [23] a higher rate of micro-rosettes survived to the treatment and produced new shoots
suitable for the second cycle of meristem-tip culture. This was probably due to the more stringent
control of light, temperature, and RH parameters in comparison to the equipment and facilities
used in the previous study. Thermotherapy proved to be an essential step to eradicate plant viruses
owing to their uneven distribution in plant tissues and to the notion that some viruses may also
colonize meristem-tips [25–28]. Virus localization in meristem-tips seems particularly pertinent to
nepoviruses [29] and to AILV among the viruses infecting globe artichoke [30]. A markedly enhanced
virus eradication by the combined action of meristem-tip culture and thermotherapy was also reported
in other instances [28,31,32].

The third critical step was the induction of root formation. It was reported that MR and RC require
different auxin/cytokinin ratios. High ratios of auxin/cytokinin promote root regeneration, while high
ratios of cytokinin/auxin stimulate shoot regeneration [33]. In our tests, a substantially balanced of
auxin/cytokinin in PM1 and PM2 produced a satisfactory rate of root and shoot regeneration for all the
ecotypes. López-Pérez and Martínez [22] observed a higher root induction rate of globe artichoke when
a high concentration of IBA in the culture medium associated with 5 days of darkness was used to
induce the rhizogenesis. In our conditions a high auxin concentration in RM steps favored rhizogenesis
whereas 5 days of darkness did not induce any ameliorative effect. Benoit and Ducreux [34] and
Morzadec and Hourmant [35] reported the process of root induction to be also highly dependent from
the ecotype and may range from 1 to 92%.

The application of the sanitation protocol allowed the obtaining of a sufficient number of virus-free
primary resources to be used for nursery activity. These were increased 50-fold after one year of rapid
multiplication in the nursery plant. Only the ecotype Verde di Putignano increased 9-fold. The results
confirmed those of a previous study, i.e., that the combined action of meristem-tip culture and
thermotherapy is required to eliminate also the infection of AILV, which localizes in the meristem-tip
through which it is probably transmitted to seeds [30,36].

5. Conclusions

Regional ecotypes of globe artichoke represent a valuable genetic resource that need adequate
handling and protection. This study confirmed that some of such ecotypes harbor virus infections that
may have contributed to their progressive degeneration and abandonment. The sanitation protocol had
a more balanced auxin/citokinin ratio and better standardized parameters for in vitro growing and

14



Agriculture 2018, 8, 36

thermotherapy compared to that used for the reflowering type Brindisino [23]. We did not evaluate
the effect of sanitation on the earliness or other agronomic traits of the ecotypes sanitized with a
dedicated experimental field design, but a very preliminary small-scale field test shows promising
results (Figure 5).

 

Figure 5. Production of sanitized clones of ecotypes “Locale di Mola” (a) and “Violetto di Putignano”
(b) in a small-scale experimental field for a preliminary evaluation of agronomic traits after sanitation.

The keystone to conservation of such ecotypes relies on the maintenance of the phytosanitary
status obtained with sanitation. In situ maintenance would be ideal to preserve the ecological niche
but it is a matter of fact that if exposed to field condition the sanitized material will undergo reinfection
quickly. The reflowering type Brindisino showed an estimated ArLV reinfection rate between 1% and
2% after 2 years from planting close to a standard artichoke field with ArLV incidence higher than
80% [7].

Therefore, sanitized stocks must be maintained ex situ in nursery structures adequately protected
to prevent reinfection and must be subjected periodically to phytosanitary controls.

Available diagnostics possess sufficient sensitivity and specificity to detect even subliminal
infections provided that the etiologic agent is known. We already briefly addressed the issue of the
complexity of plant viromes that is emerging from the application of NGS technology. Besides the
biological significance, the discovery of a previously undescribed virus species in asymptomatic plants
will impact quarantine regulations and issues for the virus-free certified stocks [37–40]. This issue must
be addressed to fulfill expectations from the conservation and use of agricultural biodiversity and
genetic resources [41]. It is expected that the use of sanitized ecotypes 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.
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Abstract: Crop domestication and breeding efforts during the last half-century in developed countries
has significantly reduced the genetic diversity in all major vegetable crops grown throughout the
world. This includes developing countries such as Morocco, in which more than 90% of all farms are
less than 10 ha in size, which are generally maintained by subsistence farmers who try to maximize
crop and animal productivity on a limited land area. Near Agadir, in the remote Anti-Atlas mountain
areas of the Souss-Massa region, many small landowner vegetable growers are known to still utilize
crop populations (landraces). Thus, an assessment of the current status of vegetable landraces was
made in this mountainous region of Southwestern Morocco during 2014. This assessment indicated
that a significant loss of vegetable crop landraces has occurred in the last 30 years in this region of
Morocco. Although many vegetable crops are still maintained as landrace populations by small
subsistence farmers in remote areas in the Souss-Massa region, only 31% of these farmers cultivated
landraces and saved seed in the villages assessed, with the average farmer age cultivating landraces
being 52 years old. Moreover, the approximated loss of vegetable crop landraces over the last
30 years was an astounding 80 to 90%. Vegetable crops notably lost during this time period included
carrot (Daucus carota), fava beans (Vicia faba), melon (Cucumis melo), pea (Pisum sativum), watermelon
(Citrullus lanatus), and tomato (Solanum lycopersicon). The most significant loss was tomato as no
landraces of this crop were found in this region. The vegetable crop landraces that are still widely
grown included carrot, melon, onion (Allium cepa), turnip (Brassica rapa var. rapa), and watermelon,
while limited amounts of eggplant (Solanum melongea), fava bean, pea, pepper (Capsicum annuum),
and pumpkin (Cucurbita moshata and C. maxima) were found. This recent genetic deterioration will
have a profound influence on future Moroccan agricultural productivity, as the genetic diversity
within these landraces may be the only resource available to allow these smaller subsistence farmers
to cope with changing environmental conditions for the optimization of crop production in their
harsh climate.

Keywords: crop population; genetic resources; genetic variability; germplasm; landrace

1. Introduction

The domestication of improved vegetable genotypes through breeding efforts during the last
half-century has significantly reduced the genetic diversity in all major vegetable crops grown
throughout the world. Growers and consumers alike have become accustomed to the high quality
and yields of hybrid vegetable cultivars, which has definitely resulted in a significant reduction in
cultivation of landraces (or local varieties). Landraces are dynamic populations of a genetically-diverse,

Agriculture 2018, 8, 49; doi:10.3390/agriculture8040049 www.mdpi.com/journal/agriculture18



Agriculture 2018, 8, 49

locally-adapted cultivated plant species that have historical origins, distinct identity, no formal crop
improvement, and are oftentimes associated with traditional farming systems [1]. Although landraces
generally have high genetic diversity and heterogeneity, they oftentimes will provide inconsistent
phenotypes with overall lower quality and yields compared to newer hybrids or pure-line inbreds.

Vegetable crops grown in sustainable, low-input, traditional farming systems have traditionally
been landraces. However, the cultivation of vegetable landraces has decreased since the widespread
use of improved hybrid cultivars [2]. Since the first modern hybrid varieties were released more than
50 years ago, the areas planted to these improved varieties continue to expand [3]. Vegetable crop
landrace cultivation has also diminished even in remote areas in developing countries, especially within
the last few decades [4]. Landraces throughout the world are rapidly being lost, due to increasingly
more limited use by growers in many areas of the world [2,3]; and, lower amounts of field cultivation,
multiplication, and conservation by growers directly relates to the loss of this valuable genetic resource
over time. Fewer and fewer subsistence farmers are cultivating landraces and maintaining seed stock
from year to year. The loss of landrace populations is devastating to the vegetable crop species gene
pool, as genes that have evolved over millennia are being lost. The main contributions of landraces
to the development of new crop varieties have been traits for more efficient nutrient uptake and
utilization, as well as genes for adaptation to stressful environments, such as water stress, salinity,
and high temperatures [5]. Thus, landraces are an important diverse genetic resource that allows
crop species to adapt to local effects of climate and pests, and to eventually produce improved yields
unique to a specific environment, especially those that impose some type of stressful conditions on the
growing crops. Crop genetic resources are crucial for the future survival of humanity, and future food
security depends upon their conservation [6,7].

Morocco is a rapidly developing country and has great agricultural export markets in place due
to its proximity to Europe. However, more than 90% of all farms are less than 10 ha, and these farms
produce most of the vegetable crops that feed the populace [4]. There are some larger-sized farms
that produce vegetables, but these tend to be financed from developed countries in Europe, especially
France and Spain. Similar to other developing countries, income is very limited in Morocco (especially
in rural areas) and most farmers must try to maximize productivity on a limited amount of land while
trying to use minimal inputs. The Souss-Massa region of Morocco is an important agricultural area
within this country, as it produces significant amounts of vegetables for both domestic and export
sales. Agadir is the capital of this region, which is located in the southwestern portion of the country
along the Atlantic coast. The villages immediately surrounding the city to the south are well known
for their large-scale vegetable production operations, with products (especially greenhouse tomatoes)
extensively grown for export to European markets. However, in remote areas of the Souss-Massa
(especially in mountainous areas), most vegetable growers are subsistence farmers who minimize
inputs to grow vegetable crops and typically sell their produce at local weekly markets (or souks).
In past years, these small subsistence growers in rural areas of the Souss-Massa primarily relied upon
seed from vegetable landraces for their crop production needs. The use of vegetable landraces resulted
primarily due to the remoteness of these farmers, as well as the lack of contact to the outside world,
which prevented access to other seed sources. However, the world has drastically changed in the last
few decades and, today, there is readily available access to anything that anyone with money would
desire even in remote areas of the world. Thus, the relatively small returns that landraces provide
compared to the apparently overwhelming advantages that modern varieties seem to offer farmers
are oftentimes not enough to maintain their utilization in a particular farming system [8]. Therefore,
the objective of this study was to conduct an assessment of vegetable landraces in mostly remote areas
within the Souss-Massa region of Morocco.
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2. Materials and Methods

2.1. Study Area

This landrace assessment was conducted in the Souss-Massa region of Morocco. This area includes
Agadir, a city of approximately 750,000 people, which has significant Berber influence, with an arid to
semi-arid climate. Temperatures range from highs of ~40 to 45 ◦C in July and August to lows of ~2
to 4 ◦C in January. There is minimal rainfall with only 150 to 250 mm received annually, with little
occurring from May to September, which is typically a very dry time of the year. More than 90% of
the farmers in this region are small landholders, especially those in remote areas of the Anti-Atlas
Mountains, and generally have only between 5 and 10 ha. This environment is oftentimes dry and
hot which provides significant stress for plant growth and survival. The landscape of a typical, small
subsistence farm in the Anti-Atlas mountains of Southwestern Morocco (near the village of Tizi N’ Test)
is provided in Figure 1.

Figure 1. Landscape of a typical, small subsistence farm in Anti-Atlas mountain region of Southwestern
Morocco. Notice the onions growing in the basin irrigation beds underneath the olive trees.

2.2. Vegetable Landrace Assessment and Data Collection

During April 2014 a vegetable landrace assessment was conducted in the Souss-Massa region of
Morocco. Six localities were visited to assess landraces in this region, and all were between latitudes
29.1620145◦ and 30.531266◦ N, and longitudes −9.636919◦ and −7.923879◦ W. The villages visited
during the assessment were: Anou eljdid (30.162045, −9.252229); Biougra (30.220658, −9.372859);
Massa (30.004087, −9.636919); Targa N’ Touchka (29.885070, −9.199597); Taliouine (30.531266,
−7.923879); and, Tizi N’ Test (30.868223, −8.379130). The approximate location of each village in
Southwestern Morocco is provided in Figure 2. Farmers were identified in each village and asked
specific questions regarding landrace cultivation (Table 1). They provided answers to: total number

20



Agriculture 2018, 8, 49

of vegetable growers in each village, percentage of growers cultivating vegetable landraces and
saving seed each year, average age of famers cultivating landraces, estimated percentage of vegetable
crop landraces lost during the last 30 years, current vegetable landraces cultivated, and vegetable
crop species landraces lost during the last 30 years. Seed were collected from the landraces that the
farmers would provide to us and placed at the National Institute for Agronomic Research (INRA) in
Settat, Morocco.

2.3. Data Analysis/Presentation

The data collected for the vegetable landrace assessment conducted in the Souss-Massa region
of Morocco were compiled and placed into tabular form. The specific questions asked of famers in
each village related to vegetable crop landraces were collated with overall means also determined for
this data. Additional information collected regarding the vegetable crop landraces currently grown,
as well as those lost over the last 30 years is also presented.

Figure 2. Approximate locations of the six villages in the Souss-Massa region of Morocco that were
assessed for vegetable landrace use. The latitude (◦N) and longitude (◦W) of each village: Anou eljdid
(30.162045, −9.252229); Biougra (30.220658, −9.372859); Massa (30.004087, −9.636919); Taliouine (30.531266,
−7.923879); Targa N’ Touchka (29.885070, −9.199597); and Tizi N’ Test (30.868223, −8.379130).
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Table 1. Questions provided to small subsistence farmers cultivating vegetable crop landraces in six
villages within the Souss-Massa region of Morocco in 2014.

Questions:

What are the total number of vegetable growers in your village?
What is the percentage of growers cultivating vegetable landraces and saving seed each year in your village?
What is the average age of famers cultivating vegetable landraces in your village?
What is the estimated percentage of vegetable crop landraces that you think has been lost during the last 30 years?
What are the vegetable landraces currently cultivated in your village?
Which vegetable crop species landraces have been lost during the last 30 years?

The latitude (◦N) and longitude (◦W) of each village assessed: Anou eljdid (30.162045, −9.252229); Biougra
(30.220658, −9.372859); Massa (30.004087, −9.636919); Taliouine (30.531266, −7.923879); Targa N’ Touchka (29.885070,
−9.199597); and Tizi N’ Test (30.868223, −8.379130). Estimates for data presented in table based on conversations
with small vegetable growers in each village.

3. Results

3.1. Farmer Demographics Related to Vegetable Landraces

The assessment indicated that there are relatively few small, subsistence farmers in the
Souss-Massa region of Morocco that maintain vegetable landrace populations (Table 2). In the villages
assessed, only about 31% of the small growers cultivated landraces and saved seed, although the range
was from a low of 20% in Tizi N’ Test to a high of 45% in Targa N’ Touchka. This trend is disturbing,
as growers are placing more reliance on other types of seed compared to landraces, which can have
disastrous results for future vegetable crop production due to the increased lack of diversity that is
being perpetuated in these production systems.

Table 2. Assessment of small, subsistence farmers cultivating vegetable crop landraces in six villages
within the Souss-Massa region of Morocco in 2014, and estimated percentage of landraces lost in those
villages over the last 30 years.

Moroccan
Souss-Massa

Region Village

Total No. of
Growers in

Village

Percent of Growers
Cultivating Landraces

and Saving Seed

Farmer Age
Cultivating
Landraces

Percent Landraces
Lost in Last

30 Years

Anou eljdid 8 37 50 80
Biougra 8 25 52 90
Massa 15 33 55 90

Taliouine 13 23 45 80
Targa N’ Touchka 20 45 55 80

Tizi N’ Test 10 20 55 90

The latitude (◦N) and longitude (◦W) of each village assessed: Anou eljdid (30.162045, −9.252229); Biougra
(30.220658, −9.372859); Massa (30.004087, −9.636919); Taliouine (30.531266, −7.923879); Targa N’ Touchka (29.885070,
−9.199597); and Tizi N’ Test (30.868223, −8.379130). Estimates for data presented in table based on conversations
with small vegetable growers in each village.

The average age of farmers cultivating landraces was 52 years old, and ranged between 45 in
Taliouine, 50 in Anou eljdid, 52 in Biougra, and 55 in Massa, Targa N’ Touchka, and Tizi N’ Test
(Table 2). The small number of growers cultivating vegetable landraces along with aging farmer
populations have most likely directly resulted in the loss of landraces over time. This assessment
indicated that there are few young farmers involved in the vegetable cultivation and the seed-saving
process in the Souss-Massa region of Morocco, which is similar to many other areas of the world in
which the younger generation has little to no interest in farming as a profession.

The estimated loss of vegetable crop landraces over the last 30 years by farmers in the villages
assessed was an astounding 85% (Table 2). Three villages, Biougra, Massa, and Tizi N’ Test,
had experienced the loss of 90% of vegetable landraces over the last 30 years, while the other villages
assessed was estimated at 80%. This estimated loss of vegetable crop diversity in this region of Morocco
is much more than expected, and this trend is expected to continue in the near future.
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3.2. Vegetable Crops as Landraces

Numerous vegetable crop landraces have been lost during the last 30 years in the Souss-Massa
region of Morocco (Table 3). The complete loss of tomato landraces during the last 30 years was
entirely unexpected, as five of the six villages assessed (or 83%) had recently grown landraces of
tomato that are now totally lost. Other significant vegetable crop landrace losses in Souss-Massa
villages during this time period were melon (67%), watermelon and fava bean (50%), and carrot and
pea (17%). The significant losses of vegetable crop landraces in these villages during the last 30 years
were expected, but not at the high levels that were determined from this assessment.

Although many vegetable crop landraces have declined over the last 30 years, many are still widely
grown in this region, including carrot, melon, onion, pumpkin, turnip, and watermelon (Table 3).
There were limited amounts of other vegetable landraces cultivated in this region, and included
eggplant, fava bean, pea, and pepper; these were all found in Tizi N’ Test, as none of the other
locations evaluated grew landraces of these crops. Melon and onion landraces were the most prevalent
throughout this region of Morocco, with 67% of the villages assessed currently growing landraces of
these crops. Other important vegetable crop landraces grown were pumpkin, turnip, and watermelon,
which were found in 33%, 50%, and 33% of villages assessed, respectively. The cultivation of yellow
carrot landraces in half the villages was also unexpected. It appears that yellow carrots are a regional
specialty and are often used as a substitute for the more traditional orange carrots that are oftentimes
used in couscous. Interestingly, no tomato landraces were identified in any village assessed (Table 3).

Table 3. Vegetable crop landraces currently grown, and those lost over the last 30 years based on an
assessment of small, subsistence farmers in six villages in the Souss-Massa region of Morocco in 2014.

Moroccan Souss-Massa
Region Village

Current Cultivated Vegetable
Crop Landraces

Vegetable Crop Landraces Lost
within Last 30 Years

Anou eljdid carrot (yellow), melon, turnip carrot, fava bean, melon, pumpkin,
watermelon, tomato

Biougra melon, onion, watermelon melon, tomato

Massa melon, onion, watermelon tomato

Taliouine carrot (yellow), onion fava bean, tomato

Targa N’ Touchka carrot (yellow), turnip melon, watermelon

The latitude (◦N) and longitude (◦W) of each village assessed: Anou eljdid (30.162045, −9.252229); Biougra
(30.220658, −9.372859); Massa (30.004087, −9.636919); Taliouine (30.531266, −7.923879); Targa N’ Touchka (29.885070,
−9.199597); and Tizi N’ Test (30.868223, −8.379130). Vegetable crop landrace estimates presented are based on
conversations with small vegetable growers in each village.

3.3. Vegetable Crop Landraces Still Grown and Maintained

In addition to providing unique data regarding landraces that are currently cultivated in the
Souss-Massa region of Morocco, the number of landraces that are generally maintained by individual
farmers was also determined. Some farmers still maintain numerous landraces of several crops, as the
farmer visited in Tizi N’ Test (Figure 3) maintained a total of 12 vegetable crop landraces, including
two each of pumpkin, carrot, and turnip (Table 3). In comparison, farmers in other villages assessed
only cultivated and maintained two to three vegetable crop landraces. The utilization of 12 different
landraces requires considerable effort for seed-saving activities, such as planning their field location
each year to maintain landrace seed purity (especially on a small farm), as well as seed harvesting,
cleaning, and storage. This farmer stated that many younger farmers do not use landraces due to
all that is required for their maintenance from year to year, and the use of landraces is becoming a
lost tradition.
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Figure 3. A Moroccan small landholder farmer near the village of Tizi N’ Test (in the Anti-Atlas
mountain region of southwestern Morocco) showing off his prized turnip. This turnip is a specimen of
the landrace that was collected at this location.

4. Discussion

4.1. Vegetable Landrace Overview and Importance

Landraces of vegetable crops can still be found in many developing countries, but their cultivation
is diminishing [4]. The movement toward homogeneity in the world’s food supply continues at a
rapid rate with no indication of slowing down, and, as a consequence, world food supplies have
become more similar in composition, especially important cereal crops [9]. A serious consequence of
modern monoculture cropping systems utilizing genetically-uniform hybrids and improved varieties
is the significant loss of crop biodiversity through displacement of locally adapted landraces [5].
Plant breeders throughout the world are engaged in developing better and higher yielding varieties
of crop plants, with their adoption resulting in at least the partial replacement of the more diverse,
genetically-variable, lower yielding, locally-adapted varieties or landraces [10]. Thus, crop genetic
uniformity is replacing diversity in many of the world’s cropping systems, even with the existing
and ongoing genetic diversity management practices of subsistence farmers [11]. Moreover, this crop
genetic diversity, which is crucial for most of the world’s sustainable agricultural systems that feed
most of humanity are being lost at an alarming rate [6]. Genetic diversity is essential to improve crop
productivity, to enhance ecosystem functions, and to provide sustainability and adaptability over
time [12].

Vegetable crop landraces are often used by small landholders in developing countries and the
genetic diversity within these landraces may be the only resource available to allow them to cope with
changing environmental conditions to optimize crop production. Landrace populations grown by
subsistence farmers may be highly competitive with modern hybrids, especially if they are grown using
sustainable minimal-input production practices [13], since landrace populations generally evolved in
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these types of farming systems [14]. Agricultural biodiversity will also be absolutely essential to cope
with the predicted impacts of climate change, not simply as a source of genes, but as the base for more
resilient farm ecosystems, which is particularly pertinent in areas where diverse production systems
still prevail, most notably marginal agricultural areas [12].

4.2. Significant Genetic Erosion and Loss of Vegetable Landraces

Our assessment indicated that even in remote areas of the Souss-Massa region of Morocco that
were visited, including Taliouine, Targa N’ Touchka, and Tizi N’ Test, a significant loss of vegetable
crop landraces has occurred during the last 30 years with approximately 80 to 90% of vegetable
crop landraces lost during this time (Table 2). This loss has included a diversity of vegetable crops.
The most significant loss observed was tomato, as no landraces of this crop species were found in
this region, which indicated that tomato landraces that were grown only a few years ago are now
completely lost. Much of this deterioration of tomato crop genetic diversity has primarily resulted
from activities of large agribusiness farms who export much of their products to Europe. Western
nations in Europe demand a high-quality product for their consumers, with hybrid varieties providing
the most disease-resistant plants and best quality fruit. Additionally, some of this higher quality
fruit is also marketed in Morocco, which drives the domestic market towards the use of hybrids and
away from tomato landraces. Furthermore, the Tomato Yellow Leaf Curl Virus (TYLCV), which is
transmitted by whiteflies, is a devastating disease of tomato in Morocco, and has also had an influence
on perpetuating the use of hybrid tomato varieties. Tomato crops must either have resistance to this
disease or be grown in greenhouses with whitefly exclusion screening to prevent this insect from
transmitting the pathogen. This situation has directly led to the widespread use of tomato hybrids
with TYLCV resistance, since landraces do not have this resistance.

The genetic deterioration of vegetable crop landraces in developing countries, such as Morocco, is
disturbing. This should have been expected because they are being quickly replaced in developing
countries by newer hybrids, or even older pure-line inbred varieties, which have superior yields and
product quality [4,15]. Moreover, the recent genetic deterioration of all vegetable crops has directly
resulted from consumer demand for superior, high quality vegetable products in the marketplace, even
in remote locations of the world [4]. Markets have changed within the last few decades in developing
countries due to the influx of high-quality vegetable seeds/produce from developed countries that
result primarily from improved vegetable crop varieties, and this has definitely had a detrimental
influence of the cultivation of local crop varieties. Once consumers become adjusted to the high and
consistent quality of these vegetable products, they will not accept inferior produce that oftentimes
result from the cultivation of landraces. This most likely directly resulted in the loss of tomato
landraces being grown and maintained in the Souss-Massa region of Morocco due to the resulting
poor-quality characters, such as the high proportion of cracked or misshapen fruit, poor flavor, and low
yield. Tomato landrace populations tend to be high heterogeneous mixtures that often provide many
differing phenotypes under field conditions, which relate to their high amounts of genetic diversity.
However, large amounts of heterogeneity in a landrace population will most likely make it unattractive
to growers for several reasons, including the variation in disease control, multiple plant and fruit
sizes at maturity, and inconsistent product quality and yield. The high heterogeneity of fruit and
yield characters within landrace populations, limit their use for commercial plantings [2]. Thus, it is
essential to identify populations that are consistent in quality and appearance (or similar to pure lines),
since most farmers today are only willing to cultivate homogeneous vegetable crop populations.

4.3. Landraces and Food Security

Landraces are low-cost and sustainable, which is important to poor households in marginal
environments that have limited monies available, such as those found in the Souss-Massa region
of Morocco. The purchase of other sources of seed having much higher associated costs can leave
these households vulnerable to chronic food insecurity [3]. The utilization of landrace populations by
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growers is critical for many reasons, as this allows these important resources to be perpetuated and
conserved on-farm for future generations. Crop genetic resources are crucial for the future survival of
humanity, and future food security depends upon their conservation [7]. Thus, without some type of
on-farm genetic conservation for these crops, there is a bleak outlook for global food security [4].

4.4. Associated Impacts of Green Revolution on Vegetable Landraces

Since the beginning of the Green Revolution in the late 1960s and early 1970s [16], the resulting
changes has been significant regarding the development and utilization of improved varieties in
most cropping systems besides those high caloric crops that were initially targeted for change,
which included maize, rice, and wheat. This situation has contributed significantly to the depletion
of genetic diversity for most major crops grown throughout the world [4]. The results of the
Green revolution has in a way caused our food systems to fail globally by not providing enough
balanced nutrient/vitamin output to meet all the nutritional requirements of every person, especially
resource-poor women, infants, and children in developing countries [17]. Moreover, improved crop
development activities stemming from this movement have also definitely contributed to the loss of
vegetable crop landraces throughout the world. The genetic diversity that exists in crop landraces
is not only an economically valuable part of global diversity, but it is also of paramount importance
for future world crop production [18]. Plant genetic resources remain fundamental to our efforts to
improve world agricultural productivity [10]. Due to the rapid decline of landraces observed during
the last half-century in many of the world’s cropping systems, the genetic diversity contained within
future world crop production systems will be significantly narrowed even more unless some attention
is given by political infrastructures/organizations to maintain on-farm landrace conservation.

4.5. Improving Landrace Demand in the Local Marketplace

The Green Revolution resulted in widespread availability of hybrid vegetable seed to farmers
throughout the world, which directly related to a general abandonment of vegetable landraces [19].
Although landrace utilization has definitely significantly diminished over the last few decades in
Morocco, there are some instances in which specific vegetable crop landraces can still be used to
provide a viable source of income. For example, in Morocco, the culture is accustomed to exceptionally
sweet melons, and many landraces are still grown that have this specific characteristic. Ananas and
Souehla are two types of melons that are still grown as landraces in Morocco due to their traditional
consumer appeal. Both melons are very sweet and widely popular in Morocco, and also have a
wide adaptability to be grown in the arid, marginal climates of this country. It is widely known
that local products can enjoy a market premium since some consumers recognize their link to local
culture and tradition, and are willing to pay higher prices for them [20]. Moreover, landraces that
have a niche market as a traditional product are more likely to be maintained by growers [21]. Thus,
the development of markets focused on local products is a method that could be used to promote
landraces and to ensure their on-farm perpetuation. Although the preservation of local traditions
and cultural identity, as well as product taste are all important reasons for growers to produce and
maintain landraces [21], they must have an economically viable position in the marketplace before
growers will make the long-term commitment to continue their on-farm perpetuation.

5. Conclusions

Landraces remain an important part of vegetable production systems to small landholder,
subsistence farmers in the Souss-Massa region of Morocco, although their utilization in low-input,
sustainable cropping systems is rapidly dwindling. Our assessment indicated that landraces of
some vegetable crops, like melons, onions, and turnips, are still widely grown throughout this area
of Morocco, and contribute substantially to domestic income from sales at local weekly markets.
However, many different vegetable crops are rapidly being lost, and some crops (e.g., tomato) are
no longer maintained as landraces. This situation is unfortunate since landrace populations have
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often evolved under strenuous climatic conditions and are well adapted to changing environmental
conditions. The high amount of genetic diversity in these crop populations allows them to adapt to
drought, heat, saline soil, of other extreme environmental conditions which is essential for maintaining
long-term crop productivity in stressful climates, such as those found in the Souss-Massa region of
Morocco. This genetic diversity is important, since it allows landrace crop populations to adapt to
local effects of climate change, and to eventually produce improved yields unique to that environment.
However, the utilization of heterogeneous landrace populations depends on the farmer’s interest
and abilities, and many are only willing to cultivate homogenous lines (e.g., pure lines or hybrids)
for multiple reasons. In Morocco, vegetable crop landraces are often used by small landholders and
the genetic diversity within their landraces may be the only resource available to these farmers that
allows them to cope with changing environmental conditions to optimize crop production. Thus,
landraces remain critical components of crop production systems for many small farmers in this region
of Morocco.
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Abstract: Regina tomato, a locally cultivated Italian landrace, is listed as an item in the ‘List of
Traditional Agri-Food Products’ of the Italian Department for Agriculture and itemised as ‘Slow
Food presidium’ by the Slow Food Foundation. It is classified as a long-storage tomato since it can be
preserved for several months after harvest thanks to its thick and coriaceous skin. Three ecotypes
were investigated for main physical and chemical traits both at harvest and after three months of
storage. Experimental results indicate that this tomato landrace has a qualitative profile characterized
by high concentrations of tocopherols, lycopene and ascorbic acid (maximum 28.6 and 53.7 mg/kg
fresh weight, FW, and 0.28 mg/g FW, respectively) even after a long storage time, together with
lower average Total Soluble Solids. The initial and post-storage contents of the bioactive compounds
changed at a different rate in each ecotype (i.e., in Monopoli Regina tomato the highest content of
α-Tocopherol, thereafter reduced to the same level of the other two ecotypes). These results indicate
unique and unmistakable features of this long-storage tomato, closely linked to the geographic
origin area that include both natural (available technical inputs) and human (specific cultural
practices) factors.

Keywords: ecotypes; geographical origin area; HPLC analyses; long storage time; Solanum
lycopersicum L.; heirloom

1. Introduction

Tomato (Solanum lycopersicum L.) is a species of great economic importance, which is widely
cultivated all over the world. It offers beneficial effects to human health through its high content in
potassium and antioxidants such as ascorbic acid, vitamin A, lycopene and tocopherols [1]. Tomato
was introduced from America to Europe at the beginning of the Sixteenth century with greater
success especially in the Mediterranean countries [2]. In Italy, this species found a secondary centre
of diversification, since several landraces developed in different regions as a consequence of the
adaptation to different environmental and cultivation conditions [3]. This allowed the diffusion of
different fruit typologies such as flat, angled, ribbed, pear-shaped, heart-shaped, elongated as well as
oval/round, cherry and plum forms [2,4].

Agriculture 2018, 8, 83; doi:10.3390/agriculture8060083 www.mdpi.com/journal/agriculture29
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Puglia, located in the southern part of Italy, can be considered a region placed in the centre of
the Mediterranean basin [5]. With a long tradition in vegetable growing, this region is particularly
rich in tomato landraces obtained by farmers themselves after repeated simple selection procedures
generation after generation. It is important to highlight that a landrace, also called local variety,
farmer’s variety, folk variety, is a population of a crop characterized by greater or lesser genetic
variation, which is however well identifiable and which usually has a local name [6].

Regina is the name of a tomato landrace grown in the coastal saline soils of the central Puglia. This
landrace takes its Italian name, Regina (Italian for “Queen”), from its calyx (Figure 1A), which takes
the shape of a crown as it grows. It is listed as an item in the ‘List of Traditional Agri-Food Products’
of the Italian Department for Agriculture, since its processing, preservation and ageing methods are
consolidated in time, harmonious for all the region involved, according to traditional rules, for a period
not less than 25 years. Moreover, this landrace is registered also as ‘Slow Food presidium’ by the Slow
Food Foundation [7] that aims to protect authenticity and origin of Italian traditional food products by
valorising a geographical area and stimulating market opportunities.

 

Figure 1. Bunches, so-called ramasole, of Regina tomato with a focus on the fruits calyx (A); map of
Italy with Puglia region (highlighted in red) and a focus of the three sites (within the circle) where the
Regina tomato ecotypes were cultivated and collected (B).

The Regina tomato (RT) fruits are small and rounded with a thick skin which improves the
resistance to parasites as well as the post-harvest preservation. There is a local tradition of braiding
tomatoes in bunches so-called ramasole, by tying the peduncles together with a cotton thread
(Figure 1A). The original seed of RT was jealously preserved and reproduced each year by local
farmers, who continued to grow it in traditional orchards, even intercropping tomatoes with olive or
cotton, as reported by the local history [7]. The hot-arid conditions of the local environment favoured
the adaptation of this landrace to the scarcity of the natural resources. So, RT plants are generally
grown without irrigation, or with sporadic supplemental irrigation by using brackish water coming
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from aquifers. This agronomical practice favours the obtaining of tasty tomato fruits very appreciated
by local consumers.

RT is locally classified as pomodoro da serbo, in English long-storage tomato, that is a typical
southern Italy type of tomato, characterized by small size fruits (i.e., high skin/volume ratio), with
thick and coriaceous skin, low water content and rich in bioactive compounds concentrated in the
epicarp and mesocarp [4,8,9]. Its fruits are stored in typical hanged crowns for six months [6]. So, a
peculiarity of RT is that the ramasole can be preserved for several months ensuring availability of this
kind of tomatoes in the winter months. Nevertheless, over the last 20 years, the cultivation of this
local variety has gradually diminished due to the advent of greenhouse production that brings cherry
tomatoes on the market all the year-long.

A recent and remarkable study defines a thorough nutritional profile of several long storage
tomato genotypes retrieved in different area of Southern Italy [10]. Studies are available for other
tomato landraces of different geographical areas [1,2,11,12], but literature lacks information on RT, a
landrace of an unreported geographical area. Starting from these remarks, the aim of the present study
was to evaluate the main physical and chemical traits of this heirloom tomato at harvest and after three
mounts of storage, simulating the long storage of the ramasole. The general goal was to assess quality
and nutritional traits of RT and promote its diffusion in the market as a regional origin food product
recognized by specific marks such as the Protected Designation of Origin (PDO) and the Protected
Geographical Indication (PGI).

2. Materials and Methods

2.1. Location and Cropping Details

Three RT ecotypes were open field cultivated on local private farms by using local cultivation
practices. Each ecotype was cultivated inside the area where it has been selected: Monopoli (40◦55′40.8”
N 17◦19′20.0” E), Fasano (40◦51′27.8” N 17◦24′16.3” E) and Ostuni (40◦46′05.7” N 17◦35′43.8” E)
(Figure 1B), since each ecotype is characterized by a specific adaptation to the environmental and the
cultivation conditions of the particular area where it has been selected. For this reason, each ecotype
has a local name that corresponds to the name of the cultivation site.

Seeds for crop propagation were self-produced and stored on-farm by each farmer. Transplanting
was carried out at the four-leaf stage on 15 May for all sites. Plant density was 3.3 plants/m2 and
growing techniques were in line with the agricultural practices of local farmers specialized in growing
this type of tomato. Plants were cultivated on silty-sandy soil, typical of the Puglia coastal areas,
under the Mediterranean climate, with rain almost absent during the summer season and maximum
temperatures sometimes approaching 30–35 ◦C on the hottest days. So, supplemental irrigation was
carried out, only as rescue irrigation after transplanting, for a total water amount of approximately
30 mm applied in one-two times, according to each site needs. Harvesting took place on 5 September
for both sites when the proportion of ripe fruit reached about 95%. At harvest tomato samples were
refrigerated and then transported to the laboratory to be processed and analysed as described in the
following sections.

2.2. Physical Analysis

For each site, three replications of RT fruits were collected for the physical analysis at harvest. So,
on twenty fresh fruits for each replication, weight, polar and equatorial diameter, colour parameters
and Total Soluble Solids (TSS) were measured.

After measurement of fruit sample fresh weight, the colour parameters, L* (lightness), a* (redness)
and b* (yellowness) were measured in triplicate at five random points on the peel surface of the fruits
with a colorimeter (CR-400, Konica Minolta, Osaka, Japan) in reflectance mode using the CIE L*a*b*
colour scale. Before the measurements, the colorimeter was calibrated with a standard reference with
L*, a* and b* values of 97.55, 1.32 and 1.41, respectively. Hue angle (h◦ = tan−1[b*/a*]) and saturation or
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chroma (C = [a*2 + b*2]1/2) were then calculated from the primary L*, a* and b* readings. In addition, a
Colour Index was calculated, according to the formula: Colour Index = 2000 × a*/L* × C, together
with the a*/b* ratio [13].

The content of TSS, expressed in ◦Brix, was measured using a refractometer (model DBR35, XS
Instruments, Carpi, MO, Italy) on a liquid extract obtained by homogenizing 100 g of tomato fruits
from each replication in a blender (Sterilmimex Lab., International PBI, Milan, Italy), and then filtering
the juice.

2.3. Samples Preparation for Chemical Analysis

For chemical analysis RT fruits of each site were divided into two equal portions. One portion was
stored at 4 ◦C for 96 days, while the other portion was analysed as fresh samples. For each treatment
three replications were prepared for obtaining a total of 18 samples (3 ecotypes × 2 storage times ×
3 replications). One part of each replication was dried in a forced air oven at 105 ◦C until reaching
a constant mass for the determination of the dry weight (DW) content. Results were expressed as
g/100 g fresh weight (FW). The other half portion was lyophilized by using a laboratory freeze-dryer
(LABCONCO FreeZone® Freeze Dry System, model 7754030, Kansas City, MI, USA) equipped with
a stoppering tray (LABCONCO FreeZone® Stoppering Tray Dryer, model 7948030, Kansas City, MI,
USA). The freeze-dried matter was ground at 500 μm by using a laboratory mill (Retsch Italia s.r.l.,
Torre Boldone, BG, Italy) to obtain a homogeneous powder.

2.4. Isoprenoids Analysis

Triplicate aliquots of freeze-dried tomato powder were used to extract isoprenoids (carotenoids
and tocopherols) by the method of Sadler et al. [14] modified by Perkins-Veazie et al. [15]. HPLC
analyses were carried out using an Agilent 1100 Series HPLC system as described by Fraser et al. [16].
Isoprenoids were separated using a reverse-phase C30 column (5 μm, 250 × 4.6 mm) (YMC Inc.,
Wilmington, NC, USA) with mobile phases consisting of methanol (A), 0.2% ammonium acetate
aqueous solution/methanol (20:80 v/v) (B), and tert-methyl butyl ether (C). The isocratic elution
was as follows: 0 min, 95% A and 5% B; 0 to 12 min, 80% A, 5% B, and 15% C; 12 to 42 min, 30%
A, 5% B, and 65% C; 42 to 60 min, 30% A, 5% B, and 65% C; 60 to 62 min, 95% A, and 5% B. The
column was re-equilibrated for 10 min between runs. The flow rate was 1.0 mL/min, and the column
temperature was maintained at 25 ◦C. The injection volume was 10 μL. Absorbance was registered
by diode array at wavelengths of 475 nm for carotenoids and 290 nm for tocopherols. Peaks were
identified by comparing their retention times and UV-vis spectra to those of authentic standards.
Tocopherols and carotenoid standards were purchased from Cayman chemicals (Ann Arbor, MI, USA)
and CaroteNature (Lupsingen, Switzerland), respectively. The limit of detection was 0.4 mAU, tipically
in the 2–10 ng/g range per compound. α-Tocopherol (code 10007705) and ß-tocopherol (code 46401-U)
were purchased from Cayman chemicals (Ann Arbor, MI, USA) and Sigma Aldrich (Milan, Italy)
respectively. Lutein (code 0133), α-carotene, (code 0007), ß-carotene (code 0003) and lycopene (code
0031) were purchased from CaroteNature (Lupsingen, Switzerland).

2.5. Ascorbic Acid Determination

The ascorbic acid content was evaluated using the method described by Ferreira et al. [17]
with some modifications. Freeze-dried tomato samples (0.1 g) were extracted by 10 mL of 1% (w/v)
metaphosphoric acid followed by shaking for 45 min at room temperature. The extract was centrifuged
at 4000× g for 10 min. The supernatant was collected and used for further analysis.

To 1 mL of supernatant, 9 mL of 0.005% 2,6-dichlorophenolindophenol (DCPIP) was added and
the absorbance was measured within 30 min at 515 nm against a blank. The content of ascorbic
acid was calculated on the basis of the calibration curve of authentic L-ascorbic acid (25–250 μg/mL;
Y = − 0.0048x + 1.2708, R2 = 0.9994).
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2.6. Glucose and Fructose Assay, and Sweetness Index

Triplicate aliquots of freeze-dried tomato powder were used to determine glucose and fructose
contents, by ionic chromatography (Dionex model DX500; Dionex Corp., Sunnyvale, CA, USA)
according to protocols used by Caretto et al. [18]. Results were expressed as mg/g FW.

The sweetness index (SI) was calculated based on content and sweetness properties of
individual carbohydrates by multiplying the sweetness coefficient of each sugar (glucose = 1.00
and fructose = 2.30) by the concentration (g/100 g FW) of that sugar in fruits [19].

2.7. Starch Determination

Starch content was determined by using Starch Assay Kit. The samples, 100 mg, were previous
washed with aqueous ethanol, 10 mL (80% v/v), incubated at 80–85 ◦C for 5 min and stirred. After
stir the samples were centrifugated for 10 min at 1800× g at room temperature, the supernatants were
removed, and the samples were washed with aqueous ethanol (80% v/v) for three different times,
in order to remove the D-glucose. The pellets were used for quantification of starch in samples by
using Megazyme kit total starch amyloglucosidase/α-amylase (K-TSTA, Megazyme International Ltd.
Wicklow, Bray, Ireland). For each treatment, triplicate extractions and analyses were carried out.

2.8. Inorganic Cation Contents

The content of Na+, K+, Mg2+ and Ca2+ was determined by ion exchange chromatography (Dionex
DX120, Dionex Corporation, Sunnyvale, CA, USA) with a conductivity detector using an IonPac CG12A
guard column and an IonPac CS12A analytical column (Dionex Corporation) as reported by D’Imperio
et al. [20]. Results were expressed as mg/g FW.

2.9. Statistical Analysis

A two-way analysis of variance (ANOVA) was performed using the GLM procedure (SAS
software, Version 9.1) applying a strip-plot design with storage time and site of cultivation as main
factors for carotenoids, tocopherols, ascorbic acid, glucose and fructose content, dry matter and
inorganic cations. For other quality traits a one-way ANOVA was performed considering only the
ecotype. The separation of means was obtained by the Student–Newman–Keuls (SNK) test.

For a visual analysis of the data, Principal Component Analysis (PCA) (PROC PRINCOMP,
SAS Software, Cary, NC, USA) was performed on previously mean-centred and standardised
(unit-variance-scaled) data. The data matrix submitted to PCA was made up of six observations
(two storage times and three sites of cultivation) and 17 parameters (Na+, K+, Mg2+ and Ca2+, DM,
Glucose, Fructose, Glucose/Fructose ratio, Starch, Sweetness index, Lutein, α-Carotene, β-Carotene,
Lycopene, β+γ tocopherol, α-tocopherol, ascorbic acid). The PCA was applied to obtain an overview
of the whole data variability simplified in a few main information. The results of the PCA are shown
as biplots (XLStat, Addinsoft, Paris, France) of scores (storage time x ecotype) and loadings (variables).

3. Results and Discussion

3.1. Physical Traits at Harvest

RT fruits showed an average weight of about 22 g without any differences between the three
ecotypes. At the same time, the average polar and equatorial diameter were, respectively, 29.9 and
34.5 mm without any differences between the three ecotypes (Table 1). On the other hand, TSS in
Ostuni fruits were 9% and 19% higher than Monopoli and Fasano, respectively. These results suggest
that different ecotypes did not affect form and size of the RT fruits, whereas TSS was influenced by
different ecotypes as well as by environmental conditions. Moreover, these results are in according to
some Authors [8,21] who described fruits of long-storage tomatoes with an average weight of about
10–25 g and a form round or ellipsoid. It is interesting to highlight that form and size of RT are similar
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to “cherry tomato” fruits, considering that this type of tomato generally shows a diameter between
15 and 35 mm and an average weight between 10 and 30 g [21]. On the other hand, RT showed a lower
TSS content respect to some cherry tomato types [21] as well as some landrace of Italian long-storage
tomatoes such as “Montallegro” and “Filicudi” [22]). At the same time the TSS content of RT fruits
results are similar to other Italian long-storage tomatoes such as “Albicocca di Favignana” and “Giallo
piccolo a punta” [23] and other types of tomato including landraces and hybrids [2].

Regarding colour analysis, Monopoli fruits showed the highest lightness (L*), yellowness (b*),
Hue angle (h◦) and Chroma (C) value, while no difference between the ecotypes was found as regards
redness (a*). No differences were found for C between Ostuni fruits and those from Monopoli and
Fasano. These results suggest that the colour of Fasano and Ostuni fruits may be perceived as more
“red” than that of Monopoli fruits, according to Serio et al. [21] who described fruits of pomodoro
da serbo with skin colour ranging from yellow to red. The colour index and a*/b* ratio confirm this
perception. Higher values of these two indices are assigned to redder and more mature tomato fruits
with a prevalence of red colour [13,24]. In the case of RT fruits, lower values of L* and C in Fasano
and Ostuni fruits influence the colour index values and differences in b* values are determinant for
the values of a*/b* ratio (Table 1). Tomatoes are commonly selected by consumers on the basis of
appearance, and colour is one of the most important quality factors that affect tomato appearance [25].
Tomato fruits are available in different external colours including pink, yellow, orange and red, as
the result of both flesh and skin colours. Thus, a pink tomato may be due to colourless skin and red
flesh, while an orange tomato may be due to yellow skin and red flesh [25]. RT fruits as well as other
types of Italian long-storage tomatoes are characterized by the presence of a thick and coriaceous skin.
Therefore, it is possible that the external colour of the RT fruits is strongly affected by their skin colour.

3.2. Dry Matter and Inorganic Cation Contents

The highest and the lowest values of dry matter were found in RT fruits after 96 days of storage,
respectively, from Ostuni and Monopoli (Table 2). In Fasano fruits, the storage did not affect the dry
matter content (7.18 g/100 g FW on average). The increase of dry matter in Ostuni and Monopoli fruits
can be due to water loss by transpiration and respiration during long-term storage [26]. Nevertheless,
it is important to highlight that this increase of dry matter can be evaluated as marginal considering
the long-term of storage. This is due to the presence of a coriaceous skin on pomodoro da serbo
fruits, which strongly reduces the water evaporation and, therefore, favours a long storage period [21].
Baldina et al. [2] report a range of dry matter between 4.76 and 5.20 g/100 g FW on fifteen Italian
tomato landraces subjected to characterization. In a study aimed to evaluate the effects of watering
regime on the quality of typical long-storage cherry tomatoes, Barbagallo et al. [23] report an average
dry matter content between 5.92 and 7.34 g/100 g FW, corresponding to watering regimes of 100% and
50%, referring to the amount of water required to integrate plant evapotranspiration during growth.
A high dry matter content in tomato fruits is considered as a good quality trait, and it is well known
that a moderate water and/or salinity stress can increase dry matter in tomato fruits [23,27]. The
results of the present study suggest that, independent of the ecotype, RT fruits showed a higher dry
matter content compared to other types of long-storage tomatoes, highlighting an important good
quality trait for the RT landrace. As regards the inorganic cation contents, only in the case of Mg2+ a
significant difference for the interaction between sites and storage time was found. The storage did not
affect the Mg2+ content in Monopoli and Fasano fruits, whereas it caused an increase of about 18% in
Ostuni. This is in agreement with the increase of the dry matter in Ostuni fruits as previously reported
(Table 2). Magnesium is an important element for the human body: it is a cofactor for more than 300
enzymes and also has functions that affect nerve conduction [28]. On average, the Mg2+ content in
RT fruits results are similar to what was reported by Chapagain and Wiesman [29] and by the United
States Department of Agriculture for red tomatoes [30]. At the same time, RT fruits showed a higher
and lower Mg2+ content as compared to orange and yellow tomatoes, respectively [30].
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Monopoli fruits showed the highest value of Na+ and the lowest of K+ (Figure 2A,B). As regards
Ca2+, Ostuni fruits showed the highest value (Figure 2C), 62% higher than in Monopoli and Fasano.
The Na+ content in Monopoli fruits was 32% higher than in Fasano and Ostuni, whereas the K+ content
in Fasano and Ostuni fruits was 15% higher than in Monopoli. This is in agreement to values regarding
the inverse relationship between Na+ and K+ reported by some authors [27,31]. The highest Na+

content in Monopoli fruits is due both to the higher electrical conductivity (EC) of the soil and to the
use of brackish water for irrigation. This is due to the proximity of Monopoli fields to the marine coast
(Figure 1B), which gives irrigation water extracted from underground (at a depth of 15–20 m), resulting
in typically brackish water (EC ranging from 4 to 6 dS/m).
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(C); glucose/fructose ratio (D); β-Carotene content (E); β + γ Tocopherol content (F). The same letters
indicate that mean values are not significantly different (p = 0.05).

Sodium plays a vital role in the regulation of fluid balance, blood pressure and transmembrane
gradients. However, with the aim to prevent heart diseases attributable to high blood pressure, the
European Food Safety Authority recommends a maximum intake of 1500 mg of Na+ per day [32].
The results of the present study showed that, independently on the cultivation site, RT fruits may
be considered as very low contributors to the daily supply of Na+, since also in the case of RT from
Monopoli, 100 g of fruits supply only about the 1% of the daily intake.
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3.3. Sugars, Starch Assay and Sweetness Index

For both sugars and starch, no significant differences were found for the interaction between
ecotypes and storage time (Table 2). The results regarding sugar content showed no significant
differences between the three ecotypes with the exception of the glucose/fructose ratio (Table 2).
At harvest, the average contents of glucose and fructose in RT fruits were, respectively, 7.35 and
10.90 g/kg FW with a reduction of about 21% and 23% after 96 days of storage (Table 2). Regarding
starch, the average content at harvest was 3.73 mg/100 g FW with a reduction of about 37% after
96 days of storage (Table 2). The highest and the lowest glucose/fructose ratio was observed in Fasano
and Ostuni fruits, respectively (Figure 2D). The average sweetness index (SI) at harvest was of 3.24,
while in RT fruits after a 96-day storage period it was 2.52 (Table 2). These results suggest that the
content of reducing sugars (the main tomato carbohydrates) in RT fruits was not influenced by the
ecotype, whereas it was affected by the storage time. According to Kader [33] the decrease of glucose
and fructose in RT fruits can be due to the respiration process during the long-term storage of fruits.
At the same time, the starch content too decreased during long-term storage due to the respiration
process of the fruits, but at first converted to the monosaccharides glucose and fructose. It is interesting
that in Monopoli fruits, marked starch decrease during long-storage did not correspond to a decrease
in reducing sugars (quite stable during storage), while in Fasano fruits a drastic reduction of both
starch and monocarbohydrate sugars was observed, even without a significant statistical difference
in interaction values (Table 2). In addition, it is interesting to highlight that RT showed a lower
average glucose and fructose content compared to other types tomatoes. Effectively, in a study aimed
to evaluate six genotypes of long-storage tomatoes, Barbagallo et al. [23] report for glucose a range
between 14.4 and 21.5 g/kg FW and for fructose a range between 14.7 and 22.0 g/kg FW. Moreover,
concerning other types of tomatoes such as “cherry tomato”, some Authors [23,31] report, respectively,
ranges between 15.9 and 25.0 g/kg FW for glucose and between 16.4 and 27.0 g/kg FW for fructose,
in the cultivar Naomi (a diffused commercial variety). As a consequence, a serving size of RT fruits
supplies less than the 50% of the glucose and fructose with respect to other landrace and commercial
variety of tomatoes. Thus, RT fruits would be preferred with respect to other types of tomatoes in
order to reduce the glycemic load of the meals and, therefore, for reducing elevation in blood insulin
associated to an increased risk of type 2 diabetes and coronary heart disease [34]. At the same time,
it is important to consider that the lower content of sugars in RT fruits also translates into an SI up
to four-fold lower compared to other tomato genotypes [23,31]. Therefore, since the SI is one of the
common measures of acceptability of horticultural produce and considering the desire of consumers for
sweet tomatoes [35], it is possible that the lower SI of the RT fruits may affect consumers’ acceptability.

3.4. Isoprenoids Content

RT fruits showed an average lutein content of 5.27 mg/kg FW without any differences between the
three ecotypes, the storage time and their interaction (Table 3). The mean content of α- and β-Carotene
at harvest was, respectively, 0.6 and 5.7 mg/kg FW with a reduction of about 17% and 18% after
96 days of storage (Table 3); no significant differences were found for the interaction between ecotypes
and storage time (Table 3). On the other hand, Ostuni fruits showed a β-Carotene content 17% higher
compared with Monopoli and Fasano (Figure 2E). These results are in agreement with those of other
authors [10,21,36] who reported as lycopene is the main tomato carotenoid, while α- and β-Carotene
and lutein are present in low quantities.
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As regards lycopene, the highest value was found in Monopoli at harvest, with a reduction of
31% after 96 days of storage. The storage did not affect the lycopene content in Fasano, while it
caused a 34% reduction in Ostuni (Table 3). Lycopene is responsible for the red colour of tomatoes
and is important for human health due to its antioxidant activity. Moreover, dietary intake of tomato
lycopene has been shown to be associated with a decreased risk of chronic diseases, such as cancer and
cardiovascular disease [21]. The lycopene content of fresh tomato fruits depends on several factors
including genotype, environmental growth conditions, cultivation management as well as ripening
and phenological stage [21]. Lenucci et al. [37] and Ilahy et al. [38] reported a content of lycopene
ranging from 43 to 120 mg/kg FW in ordinary tomato cultivars and 175 to 253 mg/kg FW in high
pigment tomato hybrids, grown simultaneously in an open-field of Southern Italy. The results of the
present study show that RT fruits can be considered a good source of lycopene even after long-term
storage. Indeed, especially for the Monopoli and Fasano fruits, the lycopene content after 3 months of
storage was similar to those reported for the cherry tomato cultivar Rubino top (43 mg/kg FW) [37]
and the long storage tomato cultivars Licata (34 mg/kg FW), Mezzocachi Montallegro (38 mg/kg
FW) and Salina 3 (40 mg/kg FW) [10], all grown in Italy. Some other long storage genotypes showed
higher lycopene content [10]. As regards the relationship between colour and lycopene content, it is
interesting to note that in some cases, deep red varieties of tomatoes (hybrids so-called “high pigment”)
can contain more than 180 mg/kg FW [21,37], while some yellow varieties can contain only about
5 mg/kg FW [39]. Thus, several Authors have reported the correlation between colour indexes of
skin tomatoes and lycopene content, also suggesting equations for calculating the lycopene content
based on the skin colour readings [24]. According to these authors, the redder the skin colour, the
higher the lycopene content in tomato fruits. In the present study the highest lycopene content was
found in Monopoli fruits at harvest. Nevertheless, as previously reported, Fasano and Ostuni fruits
may be perceived as more “red” than those from Monopoli (Table 1). These results suggest that the
external colour of RT fruits is strongly affected by their main morphological traits, especially thick
and coriaceus skin, and suggest that for long-storage tomatoes, it may be difficult to find a correlation
between skin colour indexes and lycopene content.

3.5. Tocopherols and Ascorbic Acid Content

Tomato fruit is an important source of vitamin E which consists of four tocopherols (α, β, γ and δ)
and four tocotrienols (α, β, γ and δ) and their amount significantly depends on many biotic and abiotic
factors. Furthermore, tocotrienols and tocopherols content and composition differ greatly in different
plant tissues [21,40]. α-Tocopherol (α-T) and β, γ T-forms (which, in our system, co-migrated as a
single peak) were the tocopherol forms detected in RT fruits. α-T shows the highest biological activity
compared to the other forms and, in this study, at any rate, α-T content was even more abundant than
the β, γ T-forms (Table 3). The highest value of α-T was found in Monopoli fruits at harvest, with a
reduction of about 25% after 96 days of storage; for Fasano and Ostuni the storage did not affect the
α-T content (Table 3). The content of β, γ T-forms of the Ostuni fruits was higher than from Fasano,
while no differences were found between Monopoli fruits and all the other ones (Figure 2F). The mean
content of β + γ T-forms at harvest was 3.1 mg/kg FW with a reduction of about 19% after 96 days of
storage (Table 3). No significant difference was found for the interaction between ecotypes and storage
time (Table 3).

In agreement with what was reported by some authors [18,28], the results of the present study
highlight that the RT showed a higher tocopherols content with respect to F1 hybrid of tomatoes grown
by soilless systems. This could be due to the higher seed content in tomato landraces fruits. In fact, it
is known that tomato seeds are a source of tocopherols as reported by some authors [41,42].

Highest and lowest ascorbic acid content were found in Fasano fruits, respectively, at harvest and
after 96 days of storage, with a reduction of about 68%. The storage did not affect the ascorbic acid
content in Monopoli fruits, while it caused a reduction of 30% in Fasano and Ostuni fruits (Table 3).
These results are in agreement with Soto-Zamora et al. [43] who found a decrease of ascorbic acid
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in tomatoes stored at 4 ◦C. Ascorbic acid is an essential compound for the human health due to its
numerous functions such as prevention of scurvy and maintenance of healthy skin, gums and blood
vessels and also because it can reduce the risk of arteriosclerosis, cardiovascular disease and some
forms of cancer [44]. The ascorbic acid of fresh tomato fruits is usually about 0.23 mg/g FW [20]
depending on several factors including genotype, environmental grown conditions and cultivation
management [21]. In a study aimed to evaluate 12 genotypes tomatoes, George et al. [36] report an
average ascorbic acid content of about 0.30 mg/g FW in cherry tomatoes and a content of about 0.13
mg/g FW in other genotypes. Thus, the results of the present study suggest that RT fruits can be
considered a good source of ascorbic acid even after long-term storage, especially for the Monopoli
fruits. On the other hand, the mean value of ascorbic acid found in 28 long storage tomato genotypes
was considerably higher (0.63 mg/g FW) [10].

3.6. Principal Component Analysis

From PCA results, we can see that PC1 (43.2%) and PC2 (28.0%) explain overall 71.1% of the data
variability (Figure 3). PCA allows us to separate distinctly the two storage times along PC1, since data
of all ecotypes at storage 0 were positively correlated to PC1, while those at storage 96 were negatively
correlated to the same PC. It is also clear that there is a positive correlation to PC1 of all the organic
nutritional parameters which were strongly linked to the fresh status of fruits. On the other hand,
DM and inorganic cations, not modified during storage, were strictly correlated to the stored material.
PC2 helps to clearly separate Fasano fruits from those of Monopoli, both at the harvest time. The
first are characterized by high soluble sugars, starch and a sweetness index, isolated in the same PCA
quadrant, while Monopoli, at harvest, was distinguished by high tocopherol content as well as low
sugar content (Figure 3). Other considerations are related to some observations such as Ostuni after
storage, correlated to high Ca2+ and Na+ content, and Fasano after storage negatively correlated to
PC1 due to its low ascorbic acid and α-Carotene content (Figure 3).
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Figure 3. PCA biplot (PC1 vs. PC2) describing the variation of some properties of the three Regina
Tomato ecotypes, analysed at harvest (Ecotype 0) and after 96 days of storage (Ecotype 96).
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4. Conclusions

Italy is the European country with the largest number of regional origin food products recognized
by specific marks such as Protected Designation of Origin and the Protected Geographical Indication.
They are assigned by the European Union to those food products that have unique and unmistakable
features that depend exclusively, or mainly, on the area where they are produced. In this study, the
quality and nutritional assessment of the RT was carried out for highlighting the specific traits of this
traditional Italian food product closely linked to the geographic area of origin. Experimental results
indicate that this tomato landrace has a qualitative profile that is characterized by high concentrations
of tocopherols and a lycopene content similar to values found on average in 28 Italian long storage
genotypes. The ascorbic acid, though lower than values found in other Italian tomato landraces,
remained quite high even after a long storage time. This profile combined with a lower average
glucose and fructose content compared to other types of tomatoes may account for the high nutritional
quality of this landrace, especially for people with specific dietary requirements. The results of the
present study, enriched by the lacking analysis of the polyphenol content, may be used as a tool
for obtaining the PGI or PDO mark, since these results show unique and unmistakable features
of this long-storage tomato that depend exclusively on the geographic origin area including both
the natural (e.g., climate, environment) and human (e.g., traditional production techniques) factors.
Finally, possible next goals may be directed toward non-destructive analytical methods for the rapid
determination of nutrients compounds on intact fruits of RT during the long time of storage.
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Abstract: Sea fennel (Crithmum maritimum L.), an emerging halophyte species, represents a nutritious
and refined food product. In this study, the effect on yield and quality of potted sea fennel
grown on three posidonia (Podisonia oceanica (L.) Delile)-based composts (a municipal organic solid
waste compost, a sewage sludge compost and a green compost) and a peat-based substrate was
analyzed. Composts were used both pure and mixed with peat at a dose of 50% on a volume
basis. We hypothesized that the halophytic nature of this plant might overcome the limitations of
high-salinity compost-based growing media. The growth parameters, color traits and trace metals
content (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) of the edible parts were compared. Independently of
the substrates, the average total and edible yields were 51 and 30 g plant−1, respectively, while the
average waste portion was about 41%. The use of posidonia-based compost did not affect the color
traits of sea fennel plants as compared with samples grown on the commercial peat-based substrate.
In general, potted sea fennel grown on both posidonia-based composts and commercial peat-based
substrate appeared a good source of essential micronutrients. Only a weak reduction of Fe and Mn
concentrations was observed in plants grown on posidonia-based composts, especially when used at
the highest dose. Independently of the growing medium, the content of potentially hazardous trace
elements (Cd and Pb) in the edible parts of sea fennel was always below the maximum admissible
limits fixed by the European legislation. Results indicate that posidonia-based composts can be used
as a sustainable peat substitute for the formulation of soilless mixtures to grow potted sea fennel
plants, even up to a complete peat replacement.

Keywords: Crithmum maritimum L.; domestication; food safety; heavy metal; Posidonia oceanica (L.)
Delile; growing substrate

1. Introduction

Sea fennel (Crithmum maritimum L.) is a halophyte species belonging to the Apiaceae family,
also known as crest marine, marine fennel and rock samphire because of its habit to grow as a wild
plant on maritime rocks, breakwaters and sandy beaches. It is used as an ingredient of many dishes
for its interesting sensory attributes like taste, odor and color [1,2]. The fresh leaves can be used
to prepare salads, soups and sauces, or they are pickled in vinegar similarly to capers; this latter
food preparation is listed as an item in the ‘List of Traditional Agri-Food Products’ of the Italian
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Department for Agriculture [2], confirming the typical use of this plant in the Mediterranean tradition.
However, also in British Isles, “Rock Samphire Hash” is a traditional recipe based on stems and leaves
of C. maritimum L., mixed with pickled cucumbers and capers. Apart from the food use, sea fennel has
been largely considered also for its nutritional and healthy properties [3]. In ancient times, this plant
was used in traditional medicine for its stimulating, diuretic and vermifuge effects. In Italy, the sea
fennel decoction was used against cystitis, prostatitis and colics, while the infusion was used in
case of digestive diseases [4]. Despite the above mentioned notable characteristics, and the recent
general interest for the recovery of traditional uses of plants, this species is currently considered an
underutilized crop for commercial cultivation. Some Authors highlight benefits from cultivation
and food use of a wide availability of genetic resources like wild edible plants, especially for their
potential beneficial elements content [5–7]. To our best knowledge, the literature lacks information with
regard to the sea fennel as a potential source of mineral elements in the daily diet. Moreover, only few
information is available in the literature with regard to domestication and technical aspects of sea fennel
growing techniques. Therefore, more information is needed in the view of a large-scale production of
sea fennel, aimed to the optimal crop performance and, ultimately, to a sustainable exploitation of this
emerging halophyte [2].

Like several other herbs (basil, parsley, chives), sea fennel may be suitable to be grown and
potentially marketed as potted plant. In general, commercial production of potted plants implies the
use of growing substrates other than real soil (soilless cultivation).

In southern Europe, the most used component for potting soilless substrates is peat, because of its
good chemical and physical properties. However, peat use is becoming more and more problematic for
a number of reasons, mainly related to its high costs (especially in Mediterranean countries, where peat
is imported from extraction areas in Northern and Central Europe), and recently to the environmental
concerns on peat extraction. Peat is a non-renewable material and its extraction can degrade wetland
ecosystems, so that European policy strongly encourages the use of peat alternatives [8,9]. A recent EU
Commission decision states that growing media (including soil improvers) containing peat material
cannot receive the European Union “eco-label”, thus encouraging the use of organic matter derived
from the processing and/or reuse of wastes [10]. Among the organic materials proposed as alternatives
to peat, different organic sources (e.g., municipal sewage sludge, organic fraction of urban solid wastes,
food industry and wood processing residues and byproducts, agricultural residues) subjected to
appropriate stabilization treatments, such as composting, are arising interest as components of soilless
growing substrates. A number of experimental evidences demonstrate that, if properly formulated,
compost-based growing substrates may offer interesting possibilities for the reduction of peat use,
although it is generally recommended not to exceed a 50% rate of compost in the mixture, in order
to avoid a reduction of the crop performance due to reduced plant growth or possible phytotoxicity
problems [11]. On the other hand, several investigations focused on the possible risks for human
health of potentially toxic elements (PTEs) accumulation in vegetables, associated with the use of
compost-based growing substrates [12,13].

Posidonia (Posidonia oceanica (L.) Delile) is the most important endemic marine phanerogam in
the Mediterranean Sea [14]. As a part of its natural life cycle, this plant loses its senescent parts,
which accumulate in large quantities along the coasts, often originating problems related to the
management of this organic material. Composting may be a viable alternative to landfill disposal for
this material [15]. The posidonia-based compost has been proposed as a promising soilless growing
media component [16]. Posidonia compost-based substrates have been successfully tested to produce
tomato [17–19], lettuce [12,20], potted basil [13], and to grow transplant seedlings of lettuce [21],
melon and tomato [22]. However, no information is available about the use of posidonia-based
composts as growing substrate for potted sea fennel cultivation.

Moving from these considerations, the objective of the present study was to ascertain the potential
use of posidonia compost-based substrates for potted sea fennel production. We focused on: (i) the
evaluation of the yield and quality of sea fennel grown on different posidonia-based compost soilless
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substrates, using a commercial peat-based substrate as a reference; and (ii) the accumulation of PTEs
in the edible parts of the plant.

2. Materials and Methods

2.1. Starting Materials for Growing Media Mixtures

A commercial peat-based substrate (P) and three different compost-based materials (Gr C, SS C

and MOW C) containing posidonia residues in their formulation, were used as components for the
preparation of the growing media tested in the present study (see Section 2.2 for a detailed description
of the mixtures). ‘P’ was a commercial horticultural substrate based on a mix of different peats
enriched with 1 kg m−3 PG-MIX 14-16-18 fertilizer (Brill Type 3 Special). ‘MOW C’, hereafter referred
to as municipal organic solid waste compost was obtained by mixing posidonia residues (≈16% on a
fresh weight basis), organic fraction of municipal solid wastes (≈29%), urban green wastes (≈27%),
and agro-industrial sludge from tomato, grape and olive processing (28%). ‘SS C’, hereafter referred to
as sewage sludge compost, was obtained by mixing posidonia residues (≈16%), urban sewage sludge
(≈29%), urban green wastes (pruning and yard trimming residues) (≈27%), and agro-industrial sludge
(28%). ‘Gr C’, hereafter referred to as green compost, was obtained by mixing posidonia residues
(≈20% of the composting pile, on a fresh weight basis), green residues resulting from a greenhouse
tomato cultivation (≈40%), and pruning residues of an olive grove (≈40%). Composts were produced
in a local industrial plant according to the Italian regulations on compost production. The production
process was carried out in piles over three months. Piles were mechanically turned in accordance with
temperature evolution. The principal chemical features of the materials are reported in Table 1.

2.2. Plant Material and Experimental Conditions

The trial was conducted in a polymethacrylate greenhouse located in Mola di Bari (Bari, Italy) at
‘La Noria’ experimental farm of the CNR-ISPA (17◦04′ E, 41◦03′ N, 24 m a.s.l.). Average daily mean,
minimum and maximum air temperatures inside the greenhouse over the experiment were 19.2, 11.9
and 29.7 ◦C, respectively. Average daily mean, minimum and maximum air relative humidity values
were 65, 36 and 87%, respectively.

Seven mixtures were prepared starting from the above described materials, and tested as growing
media. Each of the posidonia-based composts (Gr C, SS C and MOW C) was used both pure, at a rate
of 100%, and mixed with P at rate of 50% on a volume basis. A control treatment, consisting only of
pure peat-based commercial substrate (P), was also included. The resulting seven treatments under
comparison in the study were the following: (i) P, (ii) MOW C, (iii) MOW C + P, (iv) SS C, (v) SS C + P,
(vi) Gr C, (vii) Gr C + P. The electrical conductivity (EC) and pH of the seven substrates, both measured
on the 1:10 (w/v) aqueous extracts, were: P (EC = 0.3 dS m−1; pH = 6.8); MOW C (EC = 2.9 dS m−1;
pH = 7.8), MOW C + P (EC = 1.5 dS m−1; pH = 7.5), SS C (EC = 2.3 dS m−1; pH = 7.6), SS C + P
(EC = 1.6 dS m−1; pH = 7.5), Gr C (EC = 1.7 dS m−1; pH = 8.3), Gr C + P (EC = 1.1 dS m−1; pH = 7.4).

Seeds of C. maritimum L. were harvested from wild plants along the shoreline in Mola di Bari.
Ascorbic acid at 40 mM was used as pre-treatment to improve sea fennel seed germination, according to
the procedure described by Meot-Duros and Magné [23]. The seedlings were produced in polystyrene
plug trays (160 cells per tray with diameter of 2.5 cm and volume of 21 mL) filled with peat. The seeds,
three per cell, were covered with vermiculite. Seven days after emergence, the number of plants was
reduced to one seedling per cell. After growing in conventional plug trays for 30 days, seedlings were
transferred into 10 cm diameter plastic containers (0.5 L) filled with each of the seven growing media.
The pots were placed on benches and grown in a closed cycle ebb and flow hydroponic system.
The experimental treatments were organized in a fully randomized design with three replications
for each treatment, each replication constituted by nine pots, for a total of 189 pots in the experiment
(27 per treatment).
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Plants were grown for 60 days with nutrient solution (NS) containing N (140 mg L−1,
NO3-N:NH4-N 80:20), P (50 mg L−1), K (200 mg L−1), Mg (40 mg L−1) and Ca (100 mg L−1),
as macronutrients, whereas micronutrients were supplied according to Johnson et al. [24]. The NS pH
was adjusted to 5.5–6.0 using 1 M H2SO4. The well water used to prepare the NS had the following
characteristics: pH 7.1, EC 1.1 dS m–1, 1.0 M Ca2+, 0.4 M Mg2+, 6.0 M Na+ and 5.7 M Cl−. The chemical
composition of well water was taken into account for the preparation of the NS. Benches were flooded
with the NS three times per day. The NS level in the benches was raised up to about 3 cm from the
bottom of the pots, allowing the substrates to absorb the NS for about 10 min per irrigation event
before the NS was discharged and collected for subsequent irrigations.

2.3. Plant Growth and Color Parameters Measurements

At harvest, yield and leaf area were measured on six plants per replicate. Yield was expressed in
terms of both total and edible (after the removal of waste portion) fresh weight of shoots per plant.
The waste portion consisted of older leaves and stems that are generally removed during the normal
food use, and was expressed as percentage of the total shoots biomass. Leaf area was measured with a
leaf area meter (LI-3100, LI-COR, Lincoln, NE, USA). For each sample, a portion of the plant material
was dried in a forced draft oven at 105 ◦C until reaching a constant weight for the determination of the
dry matter content, which was expressed as g 100 g−1 fresh weight (FW).

Color measurements were performed using a colorimeter (CR-400, Konica Minolta, Osaka, Japan)
equipped with illuminant D65, operating in reflectance mode and with the CIE L (lightness) a*

(redness) b* (yellowness) color scale, according to the procedure described by Montesano et al. [25].
The colorimeter was preliminary calibrated with a standard reference material characterized by L,
a* and b* values of 97.55, 0.52 and 1.45, respectively. Hue angle (h◦ = arctg b*/a*) and saturation
(C = [a*2 + b*2]1/2) were then calculated from primary L, a* and b* readings.

2.4. Elemental Analysis

A representative aliquot of each plant sample was oven-dried at 65 ◦C and finely ground
using a cutting-grinding mill (IKA MF 10B, Labortechnik, Staufen, Germany), then a subsample
of 0.3 g was pre-digested overnight with 7 mL HNO3 (69%) and 1 mL H2O2 (30%) (TraceSELECT®,
trace analysis reagents, Sigma Aldrich, St. Louis, MO, USA) in a PTFE-TFM liner. Sample digestion
was performed using a microwave oven (Multiwave 3000, Anton Paar, Graz, Austria), according to
the procedure described by Gattullo et al. [12]. Digested samples were diluted with deionised
water up to 25 mL, then filtered through Whatman® 42 filter paper and stored at 4 ◦C until
analysis. All glassware was cleaned using 5% HNO3 solution, and then abundantly rinsed
with deionised water. Total concentrations of Fe, Mn, Cu, Zn, Cd, Cr, Co, Ni and Pb were
determined by inductively coupled plasma atomic emission spectrometry (ICP-AES; Thermo iCAP
6000 series, Thermo Fisher Scientific Inc., Waltham, MA, USA), following the method described by
Gattullo et al. [12]. A two-point calibration was adopted using the blank (HNO3/H2O2 7:1, v/v) as zero
point, and a multi-element calibration standard (Certipur® ICP Multi-element standard solution IV;
Merck Millipore, Burlington, MA, USA) at the concentration of 2 mg L−1 (prepared in the blank acidic
solution). Instrument detection limits were calculated for each element as three times the standard
deviation of ten replicates of the blank.

2.5. Statistical Analysis

Data were subjected to one-way analysis of variance (ANOVA). Treatment means were separated
by LSD test when there was a significant effect at the p < 0.05 level. The statistical software STATISTICA
10.0 (StatSoft, Tulsa, OK, USA) was used for the analysis.
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3. Results and Discussion

3.1. Yield, Leaf Area, Dry Matter and Color Parameters

The average total and edible yields were 51 and 30 g plant−1, respectively, while the average
waste portion was about 41%, without any significant difference between the growing substrates
under comparison (Table 2). However, although not statistically significant, a certain decrease in yield
parameters was observed in MOW C treatment. No significant differences were found between the
substrates also for the leaf area and dry matter content, with an average value of 296 cm2 plant−1

and 10.7 g 100 g−1 FW, respectively (Table 2). No visual symptoms of nutritional deficiencies or
toxicities were observed on plants during the overall growing cycle. These results are in agreement
with Parente et al. [16], and reveal that posidonia-based composts may be suitable materials for the
formulation of soilless mixtures to grow containerized sea fennel plants, without any negative effect
on growth parameters. A similar growth response was obtained using composts both at 100% and
50% rate in mixture with peat (Table 2), in contrast with the general recommendation to not exceed a
50% rate [21,22]. One of the main problems related to the use of composts is generally their high salt
content, as outlined also for posidonia-based composts [18]. Indeed, the composts used in this study
presented a higher salt content in comparison with the traditional peat-based commercial substrate.
Despite of this, the three composts did not reduce sea fennel growth even when used at the higher
dose (Table 2), possibly because of the halophytic behavior of this plant species [26]. This result further
supports the use of posidonia-based composts as a potential peat substitute for the containerized sea
fennel production, even up to a complete peat replacement. By considering the general interest on
alternative soilless materials, and the particular attention devoted to organic materials derived from
waste streams [27], the findings of this study may represent an important scientific background to
develop a sustainable sea fennel production. In particular, the use of composted posidonia residues
as a renewable, low-cost and locally available material, is especially feasible in areas where sea
fennel cultivation may represent an opportunity for growers, as the coastal areas of Mediterranean
countries [16]. Moreover, the sustainability of the cultivation process is further increased by using the
ebb and flow technique, a typical soilless closed-cycle subirrigation system, which prevent pollution,
while reducing water and fertilizer use [28]. Among the different soilless systems based on the
closed-cycle management of the NS, subirrigation for containerized crops has been recognized as a
practical and cost-effective method to achieve efficient water use in the Mediterranean greenhouse
industry, due to the relative simplicity of the subirrigation techniques [29].

Table 2. Total shoot fresh weight (FW), edible yield, waste portion, leaf area and dry matter of sea
fennel grown on seven substrates composed of peat and three different composts containing posidonia
residues. A peat-based commercial substrate was used as control. The compost materials were tested
alone or in mixture with peat (at a rate of 50% on a volume basis).

Total FW Edible Yield Waste Portion Leaf Area Dry Matter

g plant−1 cm2 plant−1 g 100 g−1 FW

P 58.6 ± 9.8 35.1 ± 6.0 40.0 ± 3.1 343 ± 59 11.4 ± 1.1
MOW C 34.5 ± 13.0 21.0 ± 7.4 38.4 ± 3.1 216 ± 8 10.5 ± 0.3

MOW C + P 47.5 ± 5.6 27.2 ± 4.9 42.9 ± 3.5 278 ± 32 10.7 ± 0.8
SS C 45.0 ± 3.6 26.3 ± 2.5 41.6 ± 3.5 258 ± 36 10.7 ± 0.9

SS C + P 54.3 ± 9.8 31.5 ± 6.1 40.6 ± 6.9 302 ± 70 10.3 ± 0.6
Gr C 54.5 ± 15.2 30.4 ± 6.7 43.5 ± 4.2 307 ± 70 10.2 ± 0.8

Gr C + P 61.9 ± 7.5 36.4 ± 5.3 41.3 ± 2.7 369 ± 37 11.0 ± 1.4
Significance NS NS NS NS NS

P: Peat-based commercial substrate; MOW C: Municipal organic solid waste compost; SS C: Sewage sludge compost;
Gr C: Green compost. NS = not significant. Values are the mean of three replications (six subsamples per replication),
± standard deviation.
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On the basis of the shoots dry matter, the total average sea fennel biomass production was about
5.4 g dry weight (DW) plant−1 (Table 2). These results are in agreement with Hamed et al. (2004)
who reported a potted sea fennel biomass production between 1 and 13 g DW plant−1 and a leaf area
between about 100 and more than 600 cm2 plant−1, at NaCl concentration in the NS ranging from 0 to
300 mM. A lower sea fennel biomass production, however, was found in other studies, with values
ranging from 2.1 to 3.0 g DW plant−1 [26,29].

As regard the color analysis of the sea fennel leaves, no significant differences were found
between the different treatments (Table 3) with an average L (lightness), a* (redness), b* (yellowness),
h◦ (Hue angle) and C (saturation) values of 41.5, −11.5, 16.2, 125.3 and 19.9, respectively. This indicates
that the color of sea fennel grown on different posidonia-based composts is similar to that obtained
by using commercial peat-based substrates. These results are in agreement with Renna et al. [2],
who found similar color parameters on wild sea fennel collected along sea shoreline, which is the
natural habitat of this species. Color is among the first quality parameters catching the attention of
consumers, and exerts a strong influence on consumers’ choice and opinion about the food quality [30].
Moreover, color is one of the most important quality traits of the sea fennel [1,2].

Table 3. Color parameters [L (lightness), a* (redness), b* (yellowness), h◦ (Hue angle) and C (saturation)]
of sea fennel grown on seven substrates composed of peat and three different composts containing
posidonia residues. A peat-based commercial substrate was used as control. The compost materials
were tested alone or in mixture with peat (at a rate of 50% on a volume basis).

L a* b* h◦ C

P 41.8 ± 1.2 −11.4 ± 0.5 16.2 ± 0.8 125.3 ± 0.2 19.8 ± 0.9
MOW C 41.7 ± 0.8 −11.6 ± 0.1 16.3 ± 0.4 125.2 ± 0.4 19.9 ± 0.3

MOW C + P 41.4 ± 0.6 −11.6 ± 0.3 16.5 ± 0.4 125.1 ± 0.2 20.1 ± 0.6
SS C 41.3 ± 0.5 −11.5 ± 0.4 16.3 ± 0.6 125.2 ± 0.4 19.9 ± 0.7

SS C + P 41.5 ± 0.6 −11.2 ± 0.5 15.9 ± 0.2 125.2 ± 0.8 19.5 ± 0.5
Gr C 41.1 ± 0.3 −11.7 ± 0.4 16.4 ± 0.7 125.5 ± 0.5 20.2 ± 0.8

Gr C + P 41.7 ± 1.2 −11.5 ± 0.2 16.2 ± 0.6 125.4 ± 0.6 19.8 ± 0.6
Significance NS NS NS NS NS

P: Peat−based commercial substrate; MOW C: Municipal organic solid waste compost;
SS C: Sewage sludge compost; Gr C: Green compost. NS = not significant. Values are the mean
of three replications (six subsamples per replication), ± standard deviation.

3.2. Trace Metals Content

Table 4 shows the concentration of some trace metal elements in potted sea fennel grown
on different substrates. Cadmium, Co, Ni and Pb concentrations in plant tissues were below
the instrument detection limits of 0.002 (Cd), 0.015 (Co), 0.193 (Ni) and 0.063 (Pb) mg kg−1 FW
(data not shown). Among these elements, Cd and Pb are considered highly toxic to humans,
therefore the European Commission fixed the maximum admissible concentration in vegetables at 0.1
and 0.05 mg kg−1 FW for Pb and Cd, respectively [10]. Cadmium intake through food can disturb the
activity of several enzymes and proteins due to Cd inactivation of sulfhydryl groups, and cause kidney
and liver dysfunction, as well as osteoporosis and other pathologies [31,32]. Lead is a neurotoxic
element, and its excess in human body may also induce cardiovascular problems, nephrotoxicity,
as well as carcinogenicity and genotoxicity [32,33]. In this study, the levels of Cd and Pb in sea fennel
plants grown on posidonia−based compost substrates were below the limits imposed by the legislation
and therefore safe for human consumption. In fact, the three composts used for sea fennel growth
complied with the maximum limits fixed by the European and Italian legislation for PTEs in fertilizers
(Table 1) and therefore, in this respect, they were safe for plant growth.
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Table 4. Trace metals tissue concentration of sea fennel grown on seven substrates composed of peat
and three different composts containing posidonia residues. A peat−based commercial substrate was
used as control. The compost materials were tested alone or in mixture with peat (at a rate of 50% on a
volume basis).

Cr Cu Fe Mn Zn

mg kg−1 DW

P 0.22 ± 0.05 2.33 ± 0.43 57.05 ± 11.29 a 26.07 ± 3.38 a 13.40 ± 3.24
MOW C 0.19 ± 0.03 2.77 ± 0.17 40.21 ± 3.31 b 18.11 ± 1.44 cd 17.62 ± 5.69

MOW C + P 0.17 ± 0.05 2.45 ± 0.87 49.50 ± 8.05 ab 21.49 ± 1.59 bc 12.69 ± 5.14
SS C 0.18 ± 0.05 2.92 ± 0.66 42.22 ± 2.75 b 18.73 ± 0.78 cd 15.58 ± 2.52

SS C + P 0.18 ± 0.02 2.72 ± 0.39 48.52 ± 1.11 ab 25.43 ± 0.76 ab 15.80 ± 2.06
Gr C 0.22 ± 0.08 2.52 ± 0.37 42.11 ± 2.92 b 23.83 ± 5.26 ab 16.59 ± 3.97

Gr C + P 0.18 ± 0.03 2.17 ± 0.30 45.58 ± 3.12 b 15.48 ± 1.21 d 15.64 ± 4.21
Significance NS NS * ** NS

P: Peat−based commercial substrate; MOW C: Municipal organic solid waste compost; SS C: Sewage sludge
compost; Gr C: Green compost. *, ** significant at p ≤ 0.01, and p ≤ 0.001, respectively; NS = not significant.
Values are the mean of three replications (six subsamples per replication), ±standard deviation. For each column
different letters indicate statistically significant differences at p = 0.05.

The levels of total Cr in sea fennel plants were not influenced by the growing substrate (Table 4).
Chromium is not an essential nutrient for plants, whereas it is an important micronutrient for humans,
as it regulates the metabolism of glucose and lipids. Despite the lack of law restrictions for Cr content
in vegetables, high concentrations of this element are not desired due to the carcinogenic effect of
its hexavalent form [32]. In this study, the values of total Cr concentrations were similar to those
reported for other vegetables grown on compost−based substrates, such as lettuce [12] and basil [13],
or cultivated on soil [34]. Moreover, as reported in Table 1, Cr(VI) concentrations in the three composts
were below the legislation limit, thus it can be expected that Cr was accumulated in plants as Cr(III),
which is the non−toxic form.

With regard to micronutrients, the growing substrate influenced only the accumulation of Fe
and Mn, whereas Cu and Zn were not affected (Table 4). Iron concentration in sea fennel grown
on P was significantly higher with respect to plants grown on MOW C, SS C, Gr C and Gr C + P,
but not significantly different from plants grown on MOW C + P and SS C + P (Table 4). As regard
Mn, its concentration in sea fennel grown on P was significantly higher respect to all other treatments
with the exception of SS C + P and Gr C treatments (Table 4). Similarly to our findings, a general
higher concentration of Fe and Mn was observed in basil [13] and lettuce [12] grown on peat compared
to plants grown on substrates containing posidonia−based composts. Despite the total Fe and Mn
content in MOW C and SS C was much higher than in P (Table 1), the higher pH and salinity of the two
compost−based substrates possibly reduced the uptake and accumulation of these nutrients by plants,
compared to the control (P). However, when MOW C and SS C were used at 50% rate, the overall
substrate salinity declined producing beneficial effects on element accumulation in plant shoots (with
the exception of Mn for the treatment MOW C + P). This beneficial effect was not observed in plants
grown on Gr C + P, possibly because the total content of Fe and Mn in Gr C was not high enough to
balance the negative effect induced by pH and salinity.

3.3. Potential Human Intake of Essential Micronutrients

In recent years, there is a growing interest for the evaluation of mineral element content in
vegetables due to their nutritional properties and health effects [35]. Some of these elements occur
in human body at trace concentrations (milligrams or micrograms per kilogram of tissue) and are
considered “essential” since a deficient intake may consistently result in an impairment of biological
functions from optimal to suboptimal [36]. To the best of our knowledge, the literature lacks
information with regard to sea fennel as a potential source of mineral elements in the daily diet.
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Therefore, the intake of some essential trace elements for a serving size of potted sea fennel has
been evaluated, like previously done for other domesticated and wild edible plants used to prepare
dishes [5].

Regarding Cr, there is no formal Recommended Dietary Allowance (RDA). Nevertheless, the US
Food and Nutrition Board [37] derived Adequate Intakes (AI) of 35 and 25 μg day−1 for 19–50 year
old men and women, respectively. For a serving size of 100 g FW, independently of the used growing
media, a portion of sea fennel could supply, on average, 2.1 μg Cr that is about the 6% and 8.4% of
Cr daily AI for men and women, respectively. Anderson et al. [38] reported for other vegetables a Cr
content between 0.4 and 1.6 μg 100 g−1 FW. Therefore, potted sea fennel may be considered a good
source of this essential element.

The content of Cu in potted sea fennel was about 28 μg 100 g−1 FW, independently of the used
growing media. Copper is an essential trace element for living organisms, including humans, being a
vital component of several enzymes and proteins [39]. The results of the present study show a very
low Cu content in potted sea fennel, considering its recommended dietary intake of 900 μg day−1 [40].

Regarding Fe content, 100 g FW of sea fennel grown on P contains 0.64 mg of this element,
supplying about 7% of the recommended dietary intake [37], while in all other cases a serving
size contains, on average, 0.47 mg Fe 100 g−1 FW (about 5% of the recommended dietary intake),
independently of the used growing media. Iron is an important trace element for human body,
since it acts as oxygen carrier in hemoglobin in blood and myoglobin in muscle. Iron deficiency
is the only nutrient deficiency which is also significantly prevalent in industrialized countries [41].
It is important to highlight that the main Fe sources in the human diet are meat and other animal
products, which provide more bioavailable Fe than vegetables. However, some leafy vegetables such
as spinach can moderately contribute to human Fe intake. The results of the present study show that
the Fe content in sea fennel is lower respect to spinach but similar or higher in comparison with other
vegetables, such as chicory and iceberg lettuce, respectively [42].

As for Mn, potted sea fennel contains between 0.2 and 0.3 mg Mn 100 g−1 FW depending on the
growing media. Manganese plays an important role in several physiological functions of the human
body, and the Food and Nutrition Board [37] recommended an adequate intake of about 2.0 mg day−1.
Therefore, a serving size of potted sea fennel could supply between 10 and 15% of the Mn daily intake.

Zinc content in potted sea fennel was about 0.16 mg 100 g−1 FW, independently of the
used growing media. Zinc is an essential trace element for humans since it takes part in many
enzymatic reactions, and plays an important role in growth and development, immune response,
neurological function, and reproduction [43]. Considering that the European Population Reference
Intake (PRI) for Zn is 9.5 and 7.0 mg day−1 for adult males and females, respectively [40], the results
of the present study show a low Zn content in potted sea fennel, independently of the used growing
media. On the other hand, it is important to highlight that the Zn content in vegetables is usually
below 1 mg 100 g−1 FW and in many types of vegetables, such as cabbage, cardoon, celery and lettuce,
its content is similar to what found in potted sea fennel [42].

4. Conclusions

In this study the potential use of posidonia compost−based substrates for potted sea fennel
production was evaluated. Our results show the possibility to use these substrates without any negative
effect on the sea fennel growth in comparison with a commercial peat substrate. The halophytic nature
of this plant may have played a role in overcoming the limitations posed by the high−salinity of
compost−based growing substrates. Also for the color parameters, which are among the most
important quality traits of the sea fennel, no difference was observed between plants grown on
posidonia−based composts and a commercial peat−based substrate. The accumulation of elements
potentially toxic for human health in the edible parts of the plant was far below the limits imposed
by legislation and therefore safe for human consumption. At the same time, potted sea fennel grown
on both posidonia−based composts and commercial peat−based substrate may be considered a
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good source of some essential micronutrients for humans. Therefore, posidonia−based composts
can be used as sustainable peat substitutes for the formulation of soilless mixtures to grow potted
sea fennel plants, even up to a complete peat replacement. The use of composted posidonia residues
as a renewable and low−cost material could be feasible especially in coastal areas of Mediterranean
countries. Finally, these results can serve as a basis for the cultivation of other emerging halophyte
species on posidonia−based compost substrates.
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Abstract: The carrot (Daucus carota L.) is an important vegetable source of bioactive compounds in the
human diet. In the Apulia region (Southern Italy), local farmers have domesticated colored landraces
of carrots over the years, strictly related to local cults and traditions. Amongst these, an important
landrace is the carrot of Saint Ippazio or the Tiggiano carrot. In the present study, we evaluated the
content of carotenoids, anthocyanins, phenolic acids, sugars, organic acids, and antioxidant activity in
Tiggiano carrots. Our results indicated that yellow-purple carrots have the highest levels of bioactive
compounds, together with the highest antioxidant capacity compared to the yellow and cultivated
orange varieties. These data point out the nutritional value of purple Tiggiano carrots and may
contribute to the valorization of this typical landrace.

Keywords: apulian landraces; bioactive compounds; polyphenols; Tiggiano carrot

1. Introduction

The carrot is a root vegetable widely consumed in human diet, either as fresh or processed
in meals and beverages. The carrot have been ranked 10th among 39 fruits and vegetables for its
multiple nutritional benefits [1]. Italy accounts for over 500,000 tons of production [2], with about
300,000 quintals coming from the Apulia region in 2017 [3]. Carrots are an important dietary source
of carotenoids [4], mostly α-carotene and β-carotene, also known as provitamin A, since it can be
converted to vitamin A once in the body. Despite western countries consuming commonly orange
carrots, yellow or purple colored carrots are also cultivated in some parts of the U.S. [5], Europe,
Turkey, and India [6]. The domestication of yellow and purple carrots arises from the oriental countries
spreading to Italy starting from the 13–14th century [7,8]. In the Apulia region, a plan of preserving
crop biodiversity has been launched from the Regional Administration (2007–2013 Rural Development
Program, actions 214/3 and 214/4), with the aim of rescuing and valorizing the local landraces of
crops traditionally cultivated in the rural areas. Several Apulian varieties are included in the list of
vegetables at risk of genetic erosion [9], which constitutes an issue for the loss of the genetic traits
important for the biodiversity and nutritional quality of the varieties [8–10]. In the Apulia region, three
main ecotypes of colored carrots have been reported, whose names are strictly related to the production
areas: Polignano (province of Bari, [11]), Zapponeta, (province of Foggia), and Tiggiano (which also
includes Tricase and Specchia villages, in the province of Lecce [12]). Tiggiano carrot cultivation is
strongly related to the popular cult of the Saint Ippazio, protector of male virility. In celebration of
the saint, the colored carrots are usually sold as a pagan ritual concerning fertility, and to receive
protection from the saint against hernias or male impotency. As in the case of Polignano carrot [8],
one of the phenotypes of the Tiggiano carrot has a dark purple epidermis and a yellow-orange inner
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core. In many varieties of purple carrots, the dark color has been attributed to the accumulation of
anthocyanins in the taproots [5,13–16].

Anthocyanins are natural pigments widely occurring in plants, which contribute to the nutritional
value of vegetable and fruits, due to their molecular antioxidant properties and their involvement in
anti-aging and anti-inflammatory processes [17–19]. In plants, anthocyanins are synthetized by the
flavonoid biosynthetic pathway, which leads also to the production of phenolic acids and other classes
of polyphenols with healthy benefits [20–22]. In this study, we carried out the chemical profiling
of antioxidant compounds and characterized the main classes of polyphenols, carotenoids, sugars,
and organic acids, which can contribute to the quality and nutritional value of Tiggiano carrots and to
the valorization of this local landrace.

2. Materials and Methods

2.1. Plant Material

The carrots were grown and harvested in a local farm in Tiggiano (Lecce), South Italy.
Samples were divided in three groups, based on the color of the epidermis of the carrots (yellow,
orange, or purple). Five carrots for each group were used for the analyses. Carrots were cut, frozen in
liquid nitrogen, grinded in a mortar, and stored at −80 ◦C for anthocyanin analyses. Alternatively,
for the determination of phenolic acids, carotenoids, organic acids, sugars, and antioxidant activity,
samples were lyophilized, finely powdered, and stored at 4 ◦C until their use. All analyses were
performed in triplicate.

2.2. Extraction and Detection of Phenolic Acids

Two-hundred mg of freeze-dried powder of samples were extracted three times in methanol: water
80:20 (v/v), the extracts centrifuged, and the supernatants combined. Phenolic acids were detected at
320 nm by RP-HPLC DAD (Agilent 1100 HPLC system, Agilent Technologies Inc., Santa Clara, CA,
USA). Separation was performed on a C18 column (5 UltraSphere, 80 A pore, 25 mm), with a linear
gradient from 20% to 60% acetonitrile, in 55 min, with a flow of 1 mL/min at 25 ◦C. Concentrations
were obtained by referring to calibration curves and results were expressed in μg/g dried weight.

2.3. Total Content of Anthocyanins

The total content of anthocyanins was determined on methanol extracts from fresh Tiggiano
carrots using the pH differential method [23]. Fresh samples were frozen in liquid nitrogen and ground
in a mortar. Two-hundred mg powdered samples were extracted three times in methanol: water 80:20
(v/v). The methanol extracts were mixed using the appropriate dilution factor, with two different
solutions to obtain different pH values, prepared as previously described [23]: pH 1.0 potassium
chloride buffer (0.025 M KCl) and pH 4.5 sodium acetate buffer (0.4 M CH3CO2Na·3H2O). After 15 min
incubation at room temperature, the absorbance of the samples was measured at 520 nm and 700 nm
(Shimadzu UV-1800, spectrophotometer, Kyoto, Japan). The total content of anthocyanins, expressed
as cyanidin-3-glucosyde equivalents, was calculated according to the formula described in Lee et al.
(2005) [23].

2.4. Sugar and Organic Acid Extraction and Quantification

Sugars and organic acids were extracted two times by mixing 200 mg of freeze-dried powder with
200 mg of PVPP in 10 mL of Milli-Q-water for 1 hour at room temperature. After centrifugation of the
slurry (10 min at 4000× g), the supernatants were collected and 1 mL of extract was further centrifuged
(10 min at 15,000× g and injected into the HPLC system (Agilent 1100 series)). The identification
and quantification were performed by the HPLC system equipped with a pump system, a refractive
index detector (RID) for sugar analysis, and a UV/Vis detector monitoring organic acids at 210 nm
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onto an Aminex HPX-87H column (300 × 7.8, 9 μm) (Bio-Rad, Hercules, CA, USA), kept at 55 ◦C.
The analytical method was the same as reported in Gerardi et al. (2015) [24].

2.5. Carotenoid Content

Samples were frozen in liquid nitrogen, grinded in a mortar until finely powdered, and stored at
−80 ◦C until the analysis. Extractions were performed according to the method described in Koch
and Holdman (2004) [25]. The supernatants were combined and dried with a rotary evaporator.
Samples were resuspended in 1 ml of ethyl acetate and analyzed by RP-HPLC DAD as previously
described [22].

2.6. Determination of Antioxidant Activity

The TEAC assay was performed as previously reported [26]. Briefly, 2,2′-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS, Sigma-Aldrich, St. Louis, MO, USA)
radical cations were prepared by mixing an aqueous solution of 2.45 mM potassium persulfate (final
concentration) and an aqueous solution of 7 mM ABTS (final concentration) and were allowed to stand
in the dark at room temperature for 12–16 h, before use. The ABTS radical cation solution was diluted
in PBS (pH 7.4) to an absorbance of 0.40 at 734 nm. Trolox was used as antioxidant standard and to
prepare a standard calibration curve (0–16 μM). After the addition of 200 μL of diluted ABTS to 10 μL
of Trolox standard or extracts diluted in PBS, in each well of a 96 well-plate (Costar), the absorbance
reading at 734 nm was taken 6 min after initial mixing using an Infinite200Pro plate reader (Tecan,
Männedorf, Swizerland). Appropriate solvent blanks were run in each plate. All extracts were assayed
at least at three separate dilutions and in triplicate. The percentage inhibition of absorbance at 734 nm
is calculated and plotted as a function of concentration of Trolox and the TEAC value expressed as
Trolox equivalent (in μmolar) using Magellan v7.2 software.

2.7. Statistical Analysis

Values were expressed as mean ± SD of three independent experiments. One-way analysis of
variance (ANOVA) was performed, followed by separation of means with Tukey’s multiple comparison
test, using GraphPad Prism version 5.0 (GraphPad Software, La Jolla, CA, USA).

3. Results

Tiggiano carrots are characterized by different colors of epidermis. Figure 1a shows representative
yellow, orange and yellow-purple carrots analyzed in this study. It is worth mentioning that sections
of the purple carrots showed that this color was mainly limited to the epidermis, whereas the cortex
and the vascular cylinder showed a typical purple-orange and yellow-pigmented color, respectively
(Figure 1b).

Due to their colors, we firstly investigated the presence of anthocyanins (Figure 2a).
The anthocyanins content was over 100 mg cyanidin-3-glucoside equivalents/100 g of fresh weight
in Tiggiano yellow-purple carrots. As expected, anthocyanins were undetected in the yellow and
orange carrots. We also analyzed the content of phenolic acid, another phytochemical belonging to
the group of polyphenols. As shown in Figure 2b, the phenolic acid content in the Tiggiano carrots
was higher compared to the orange commercial cultivar used as control. Among the Tiggiano carrots,
the yellow-purple ones showed the highest amount of these polyphenols, with chlorogenic acid as
the main representative (−2.6 mg/g dry weight, compared to −1 mg/g dry weight detected in the
commercial carrot cultivar), followed by caffeic acid (−0.26 mg/g DW compared to −0.18 mg/g DW
in the commercial carrot cultivar). Other phenolic acids, mainly p-coumaric acid and ferulic acid, were
detected in traces.

58



Agriculture 2018, 8, 102

Figure 1. (a) Multicolored phenotypes of Tiggiano carrots. (b) Sections of a purple Tiggiano taproot in
detail. The epidermis shows the typical purple color followed by the cortex (purple-orange pigmented)
and the inner core, represented by the vascular cylinder (yellow pigmented).

Figure 2. (a) Anthocyanins and (b) phenolic acids content in Tiggiano carrots compared to a commercial
cultivar. Data are expressed as means (n = 3) ± SD.

We investigated the content of organic acids and sugars, which are an important quality parameter
and are involved in the taste and flavor of vegetables, influencing the overall level of acidity of the
fruits. Three main organic acids were identified in Tiggiano carrots: malic, tartaric, and citric acids.
As shown in Figure 3a, malic acid was the most abundant, both in commercial and Tiggiano carrots.
Malic acid content in the Tiggiano carrots was higher than in the commercial cultivar but this result
was not statistically significant. On the other hand, the level of citric acid was significantly lower in
Tiggiano carrots than in the commercial orange cultivar.

Using the method described in Materials and Methods, we were able to obtain a simultaneous
identification and quantification of organic acid and monosaccharides. Concerning the monosaccharides,
the most abundant was glucose followed by fructose, where either yellow or orange Tiggiano carrots
showed a significant higher glucose content (0.5 g/g of dry weight) compared to the commercial carrot
and purple/orange Tiggiano carrot.

Next, we analyzed the carotenoid content in the different colored Tiggiano carrots. As illustrated
in Figure 4, β-carotene was the main carotenoid found in our analyses, reaching the highest levels in
the commercial and yellow-purple carrots. Significantly low levels were recorded in yellow/orange
Tiggiano carrots. Concerning lutein, a significantly higher level was observed in yellow-purple
Tiggiano carrots (−90 μg/g DW) compared to the commercial or yellow/orange Tiggiano carrots.
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Figure 3. (a) Main organic acids and (b) sugars detected in Tiggiano carrots compared to the commercial
cultivar. Data are expressed as mean ± SD. Significance assumed at * p < 0.05, ** p < 0.01.

Figure 4. Carotenoid content in Tiggiano carrots compared to a commercial cultivar. Significance assumed
at * p < 0.05, ** p < 0.01.

Finally, we measured the antioxidant activity in Tiggiano carrots by the Trolox Equivalent
Antioxidant Capacity (Figure 5). Our results pointed out a similar anti-oxidant capability in the extract
of yellow or orange Tiggiano carrots and the commercial carrot. Notably, the extracts from purple
carrots showed a significant higher antioxidant capacity in the hydrophilic fraction, which doubled
that of the commercial carrot and those from the yellow/orange Tiggiano carrots.

Figure 5. Antioxidant profile of Tiggiano carrots compared to a commercial cultivar. Significance assumed
at * p < 0.05.
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4. Discussion

In this study, we carried out a phytochemical and antioxidant profiling of the main components
associated with the quality and nutritional value of the Apulian colored Tiggiano carrots. Yellow and
orange Tiggiano carrots showed different features in respect to the yellow-purple carrots. Compared to
the yellow-purple ones, the yellow and orange Tiggiano carrots showed higher glucose and lower
citric acid levels. Both these parameters influence the organoleptic properties of food products [27],
since sugars reduce the perception of acidity, affecting the taste and the sweetness of fruits [7,28].
On the other hand, the reduced levels of citric acid in all Tiggiano carrots may influence the astringency
sensation [29].

Notably, the yellow-purple Tiggiano carrots also showed a similar β-carotene content, but higher
lutein levels compared to the commercial cultivar or yellow/orange Tiggiano carrots, a result that can
further contribute to the nutritional quality of these colored fruits.

Moving to other phytochemicals related to the nutritional value of fruit crops, our results clearly
indicated that high levels of phenolic acids (such as caffeic acid and chlorogenic acid) and anthocyanins
were specifically associated with yellow-purple carrots. All these compounds have been associated to
the health-promoting properties of fruits and vegetables [19,22]. Our results are in agreement with
other studies, which reported a higher content of these phytochemicals in the cortex of different purple
carrot varieties [5].

Tiggiano carrots show similarities with Polignano carrots, another Apulian landrace previously
characterized [8]. Similarly to the Tiggiano yellow-purple carrots, Polignano carrots are also
characterized by a high content of phenolic acids and polyphenols assayed by Folin-Ciocalteau assay [8].
Furthermore, Polignano carrots showed a higher glucose and fructose content than the commercial
carrots [8] confirming our results on carbohydrate content of Tiggiano carrots. Taken together,
these results revealed interesting similarities in these two landraces. Further studies are now in
progress to verify the genetic relationships between Tiggiano and Polignano carrots.

Anthocyanins are natural pigments with a protective function against abiotic (UV irradiation,
cold) or biotic stresses. However, the reasons why the anthocyanin biosynthetic pathway is activated in
yellow-purple and not in orange or yellow carrots are still unknown. In Tiggiano yellow-purple carrots,
we also found a higher antioxidant capacity compared to the other carrots, which likely contributes to
increasing the nutritional quality of the fresh product. On these bases, their consumption might have
positive effects on human health. Other studies indicate that diets rich in anthocyanins and phenolic
acids have protective effects against oxidative stress, involved in the onset of aging processes and
several human pathologies [21,22].

5. Conclusions

Crop landrace conservation is an emerging challenge to be addressed, due to progressive
susceptibility to the genetic erosion of local crops, as in the case of the Apulian carrot varieties.
In general, the cultivation of landraces is decreasing because of the modern cropping systems that
use hybrids with features mainly satisfying the requests of the global market. Nevertheless, some
local varieties still maintain genetic traits adapted to be more efficient in stress defense and nutritive
uptake and, in some cases, they are able to accumulate phytonutrients, thus showing interesting
features for the human diet. In the local carrot landraces analyzed in this study, besides their role in
nutritional quality, the presence of bioactive compounds highlights on the possible activation of the
anthocyanin biosynthetic pathway in the taproots. Therefore, further studies will be useful to elucidate
the genetic features of the different Apulian carrots landraces. Despite the fact that it is still unclear if
the Apulian colored carrots derive from the same genetic background, they represent important local
genetic resources, to be preserved and valorized.
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Abstract: This study attempts, above all, to provide a summary, on a strictly scientific basis, about the
strategies of conservation of autochthonous agrobiodiversity followed in Italy. A special focus
is dedicated to vegetables and, therefore, could represent a contribution to improve the national
strategy for the safeguarding of its agrobiodiversity in general. The paper offers also an outlook on
the most critical factors of ex situ conservation and actions which need to be taken. Some examples of
‘novel’ recovered neglected crops are also given. Finally a case study is proposed on ‘Mugnolicchio’,
a neglected race of Brassica oleracea L., cultivated in Altamura (Ba) in southern Italy, that might be
considered as an early step in the evolution of broccoli (B. oleracea L. var. italica Plenck) like ‘Mugnoli’
another neglected race described from Salento (Apulia).

Keywords: agrobiodiversity; vegetables; plant genetic resources; Italy; safeguarding; landraces

1. Introduction

The present study is a small review reported by the authors after a number of safeguarding projects
and collecting missions had been carried out, since the 1970s, in all Italian agricultural districts [1,2],
including small islands [3] and linguistic areas [4].

1.1. Conservation of Crop Genetic Resources: The Italian Situation

To understand the role and the importance of agrobiodiversity in the Italian agricultural system,
it is interesting to know the statistics that describes it: one has the impression of standing in front
of a country still caught between tradition and modernity, where agricultural activities—today an
insignificant percentage of GDP—still retain their value for a large part of the population. In fact,
despite the decline in recent years, Italy is the third largest agricultural country in Europe after
Poland and Romania, with more than a million employees in the sector. Also for the number of
companies in agriculture, Italy holds third place, again after Romania and Poland. In this framework,
agrobiodiversity plays a dual role: on the one hand, it is still strongly linked with farmers who manage
their farms traditionally and not as real “enterprises” and, on the other hand, their highly qualitative
production awarded by many geographical indications, e.g., Protected Designation of Origin (PDO)
as the scarlet eggplant (Solanum aethiopicum L.), “Melanzana rossa del Pollino”, as the common bean
“Fagiolo poverello bianco di Rotonda”, Protected Geographical Indication (PGI) as the common beans
“Fagioli di Sarconi”, and Traditional Specialities Guaranteed (TSG) represent worldwide excellence.
Italy, for the latter, is the queen of Europe with more than 200 certified products, which represent more
than 20% of the European total. “Geographical indication” trademarks are a demonstration of the
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link between territory, culture, and agriculture; their strong presence in Italy attests the importance
which this trio still has in shaping the economic development of Italian agriculture. It should be noted,
however, that most of the agrobiodiversity and traditional knowledge associated with it, is kept in a
class of farms generally conducted by elder farmers over 65 years of age [1,2,5].

It is necessary, therefore, to adopt policies to cope with this situation, and to avoid loss of
knowledge and of landraces due to generational change, and to create economic, social, and cultural
conditions for these farms to continue working in agriculture. In fact, the market and international
competition are horizons too far away from them that, without adequate forms of protection or
development, would disappear, taking with them all the specific culture handed down from generation
to generation. In this context, agricultural policies play a central role, in particular, those of rural
development, which can, if properly set up, promote the link between tradition and modernity,
avoiding interruptions and using agrobiodiversity as a factor in local development. For this reason,
it is not only a simple implementation of conservation policies for plant genetic resources, but also a
change of perspective by moving towards a system of safeguarding to provide a reciprocal interaction
and a necessary complementary action between ex situ and in situ/on-farm conservation.

The Regions and the Autonomous Provinces are public bodies which, by their deep knowledge
of the territory and their legislative autonomy in the field of agriculture, are the privileged places to
synthesize and coordinate the main actions of conservation and exploitation of agrobiodiversity.
In fact, there are many regions that fund and promote in various ways such actions in their
territories. In some cases, these activities have led to specific regional legislation with the aim of
protecting local breeds and varieties. Tuscany was the first region to enact a law on the protection
of agrobiodiversity in 1997, followed in subsequent years by Lazio, Umbria, Friuli Venezia-Giulia,
Marche, Emilia-Romagna, Basilicata, and Apulia. At present also other regions are discussing to
enact similar laws [5]. The experiences of Italian regional laws can be considered as one of the few
operative examples in Europe for protection and collection of Plant Genetic Resources (PGR). They have
anticipated policies at national and European level, even if operating in line with the objectives of
the principles of the Convention on Biodiversity, failing to implement the simplifications ensured by
the Multilateral Systems of the International Treaty (such as most importantly the use of a standard
material transfer agreement with standard terms of access and benefit sharing). In Italy, however,
in addition to the regions, there are several entities, variously integrated with each other, depending on
the territorial dynamics, that interact towards building a chain of plant genetic resources, from storage
to exploitation. There are three categories of entities: scientific institutions, local authorities, and the
non-governmental sector. The three categories should work in a completely synergistic way with
each other. In general, these are:

• Scientific institutions dealing with collecting, preservation, characterization and documentation
of material and ex situ conservation, as well as dissemination of the information collected;

• Regions, Autonomous Provinces and other local institutions (Provinces, Municipalities, Mountain
Communities, GAL—Groups of Local Action, etc.) coordinate and promote these actions
often supporting them with dedicated lines of credit (e.g., regional laws for the protection of
agrobiodiversity) or through funds for agricultural regional research and the “Plans of Rural
Development” or others;

• The non-governmental sector (all subjects not included in the previous two categories, such as
individually or jointly working farmers, associations, foundations, various organizations, etc.)
stimulates and/or carries out paths of preservation and exploitation of specific landraces or
particular territories, starting from the needs of local communities and farmers and their history.

In this context, the role of farmers is crucial. They are important both as farmers as such (growing
landraces in their farms), as “guardian farmers”, and as associate members in programs to exploit and
promote specific PGR.
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Consumers are also particularly interested in landraces, so that a vibrant market for local and/or
typical products is created. Typicity presumes that a local variety, its product, and any process of
transformation are closely linked to the territory in which the genetic resource has evolved. The term
“territory” should be used in the broadest and most complete sense, indicating both the physical space
and anthropological space (typical elements of the mode of man settlement), as well as the set of values,
history and culture that characterize it.

In recent years, there have been many experiences of conservation and exploitation of landraces
by private persons (farmers and non-farmers) who autonomously have provided funds for projects
often linked to the promotion of a particular territory and products connected to it. These initiatives
are dispersed throughout the country (through, e.g., fairs, markets, dissemination, promotion and
exploitation actions, consortia of producers, development of product rules, small projects on typical
products), which over time have shown a strong fragmentation, poor coordination, and frequent
overlap, but most have failed to transmit adequately the “know-how”. It must be said, however,
that the dissemination activities, including publications produced in recent years, have contributed
in a concrete way to the knowledge of the heritage of Italian landraces, which often did not find
adequate description in the official manuals (e.g., scientific journals, descriptive sheets of Guide Lines
by INEA [6]). The collection of information derived from cookbooks and popular knowledge should
not be underestimated, which allows proper cultivation and use of old landraces. The wealth of
material and knowledge created in the past from ancient and disinterested experience of farmers is a
precious inheritance that has to remain “World Heritage”.

1.2. Plant Genetic Resources Stored by Italian Public Institutions and Universities

The depletion of PGR has important implications both ecologically and economically. The erosion
and possible extinction of these resources can undermine the resilience of ecosystems and endanger the
essential environmental services derived from them. For the economy, PGR are a source of direct and
indirect benefits. They are indeed a source of raw materials as well as useful information, for example,
in the processes of plant breeding of crops. The Mediterranean, and particularly its less developed
rural areas, is traditionally rich in PGR which, however, are undergoing a process of genetic erosion
due to causes both socio-economic, such as the marginalization of agriculture, and environmental,
as in the case of the loss of natural habitats [7].

The Italian national activities of inventorying PGR for food and agriculture, promoting the
collecting and safeguarding, to establish a network of updated information on PGR, are concentrated
mainly in the “Council for Research and Experimentation in Agriculture and Agricultural Economic
Analysis” (CREA, [8]) and the National Research Council (CNR, [9]).

Although it is known that many universities maintain large collections of agricultural genetic
resources, a comprehensive list has never been compiled. Several universities store remarkable
collections and work in areas rich in crop diversity. The Department of Applied Biology (University of
Perugia), for example, has important collections of forage species (legumes and grasses), food, as well
as industrial, medicinal and aromatic crops while the Centre for Conservation and Exploitation of
Plant Biodiversity (University of Sassari) has collections of seed germplasm and DNA of populations
of native endemic species of high phyto-geographical interest, collections of cultivars of fruit and
vegetables, and micro-organisms—both pathogens and symbionts. In Sicily, instead, a specific measure
of a regional law (POR 2000–2006) allowed the Universities of Palermo and Catania, the CREA
and the CNR, to create several centers for the in vivo and in vitro conservation of germplasm of
fruit trees, olive and citrus that could be networked together, sharing information and contributing to
the knowledge on all plant material in storage [10,11].

1.3. PGR Stored by the Research Institutes of the CREA

The MiPAAF (Italian Ministry of Agriculture), to deal with these and other international
commitments, financed in 1999 and 2001 two nationwide projects aimed at a census of PGR for
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agriculture preserved ex situ at the Institutes for Experimental Research in Agriculture (former IRSA,
now institutes of CREA) and the fruit germplasm preserved ex situ in various Italian institutions of
different backgrounds (IRSA, CNR, universities, regional experimental farms). Since 1995, the focal
point of coordination actions on PGR is the CREA-FRU (Institution acronyms are explained in Table 1
below.), which, over the years, has established itself as the reference point for the MiPAAF both
nationally and internationally with regard to the PGR.

Table 1. Plant genetic resources of agricultural interest and research units of the project “Plant Genetic
Resources/Implementation of the FAO Treaty” (modified from [12]).

Plant Genetic
Resources

CREA Institutes
No.

Accessions
(CREA)

CNR
Institutes

No.
Accessions

(CNR)

Other
Research

Units

No. Accessions
(“Semi Rurali”)

cereals
ACM, CER, GPG,
MAC, QCE, RIS,

SCV
17,496 IBBR 34,920

“Semi
Rurali”

Network

1190 (total,
mostly cereals)

vegetables ORA, ORL, ORT – IBBR,
ISAFOM 3844

“Semi
Rurali”

Network

fruits and nuts ACM, FRC, FRF,
FRU, SCA 8787 IVALSA 6160

“Semi
Rurali”

Network
fodder species FLC 7776 IBBR 6561 – –

Industrial crops API, CAT, CIN 2714 – – – –

olive OLI 3243
IVALSA,
ISAFOM,

IBBR
2500 – –

grape VIT 793 IBBR 119 – –
ornamental

species FSO, SFM, VIV 266 – – – –

medicinal and
aromatic plants MPF 586 IBBR 448 – –

forest species SEL, PLF 3.744 IBBR 5.326 – –

ACM (Centro di ricerca per l’agrumicoltura e le colture mediterranee, Acireale), API (Unità di ricerca di apicoltura e
bachicoltura, Bologna), CAT (Unità di ricerca per le colture alternative al tabacco, Scafati), CER (Centro di ricerca
per la cerealicoltura, Foggia), CIN (Centro di ricerca per le colture industriali, Bologna e Rovigo), FLC (Centro di
Ricerca per le Produzioni foraggere e lattiero-casearie, Lodi), FRC (Unità di ricerca per la frutticoltura, Caserta),
FRF (Unità di ricerca per la frutticoltura, Forlì), FRU (Centro di ricerca per la frutticoltura, Roma), FSO (Unità di
ricerca per la floricoltura e le specie ornamentali, Sanremo), GPG (Unità di ricerca per la genomica e la postgenomica,
Fiorenzuola d’Arda), IBBR—Institute of Biosciences and Bioresources, Bari, MAC (Unità di ricerca per la maiscoltura,
Bergamo), MPF (Unità di ricerca per il monitoraggio e la pianificazione forestale, Trento), OLI (Centro di ricerca
per l’olivicoltura e l’industria olearia, Rende, Città S. Angelo e Spoleto), ORA (Unità di ricerca per l’orticoltura,
Monsampolo del Tronto), ORL (Unità di ricerca per l’orticoltura, Montanaso Lombardo), ORT (Centro di ricerca
per l’orticoltura, Pontecagnano), PLF (Unità di ricerca per le produzioni legnose fuori foresta, Casale Monferrato
and Roma), QCE (Unità di ricerca per la valorizzazione qualitativa dei cereali, Roma), RIS (Unità di ricerca per la
risicoltura, Vercelli), SCA (Unità di ricerca per i sistemi colturali degli ambienti caldo-aridi, Bari), SCV (Unità di
ricerca per la selezione dei cereali e la valorizzazione delle varietà vegetali, S. Angelo Lodigiano), SEL (Centro di
ricerca per la selvicoltura, Arezzo), SFM (Unità di ricerca per il recupero e la valorizzazione delle specie floricole
mediterranee, Palermo), VIT (Centro di ricerca per la viticoltura, Conegliano), VIV (Unità di ricerca per il vivaismo
e la gestione del verde ambientale ed ornamentale, Pescia). CNR Institutes belongs to CNR DISBA Department.

In 2004, with the approval of the FAO—International Treaty on Plant Genetic Resources for Food
and Agriculture, one of the first binding global agreements on PGRFA in harmony with the CBD,
the global agreement entered into force. It involves concrete obligations for the Contracting Parties
regarding the conservation and documentation of species of agricultural interest, in order to facilitate
access to them and share benefits arising from their use. For Italy, MiPAAF has the responsibility for the
implementation of the FAO Treaty; MiPAAF entrusted the CREA-FRU with the scientific coordination
of the actions for the collection, conservation, characterization, evaluation, and enhancement of PGR
of agricultural interest, as defined in the specific project “Plant Genetic Resources/Implementation of
the FAO Treaty”, launched in 2004, that gives special priority to old and local varieties. The project
involves 27 centers and Research Units belonging to the CREA, the former Institute of Plant Genetics
of CNR in Bari (today IBBR), and, since 2008, 10 NGOs that have joined in the “Semi Rurali” Network
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(Table 1). Starting in 2014, the CNR was involved at a high level through the Department of Biology,
Agriculture, and Food Science, which holds many different plant and microbial collections through its
network of institutions.

Sixty-five species are included in the project, of which 22 are listed in the Annex I of the FAO
Treaty; the other 43 species are distinguished by their economic and strategic significance for Italy.

The Research Units of CREA store a large number of accessions (native and foreign material,
old and new cultivars, populations, landraces, breeding lines, etc.), most of which are stored as seeds
or in vivo; a small proportion of germplasm is also preserved through cryoconservation [13] and
in vitro conservation.

The documentation of the characterization data regarding PGR is indispensable in making
the results of the work available and to encourage the use of PGR in sustainable farming systems.
The online catalogue “National Inventory of PGR stored ex situ in Italy”, established in 2006 under
the project managed by CRA-FRU is therefore proposed as a national platform to provide basic
monitoring information (passport) as well as morphological and physiological data according to
international standards. Currently, the database contains data on more than 30,000 accessions belonging
to about 500 different species and stored in 44 Italian public institutions. The catalogue, thanks to its
interactive nature, is constantly updated, a task accomplished independently by individual institutions,
and therefore a constant increase in the number of accessions monitored and related information
is expected.

1.4. PGR Stored by the Research Institutes of the CNR

The National Research Council (CNR) is a public research organization. The CNR scientific
network consists of (a) Departments responsible for programming, coordination, and control; and (b)
Institutes where the research activities are carried out.

The “Scienze Bio-Agroalimentari” Department (DISBA) consists of institutes that at various levels
are involved in conservation and characterization of plant biodiversity and therefore hold collections
of genetic resources. In particular, the Institute of Biosciences and Bioresources (IBBR) has, since 1970,
a genebank, which was, at the time of its establishment, designed as the reference genebank for all the
Mediterranean area. A large fruit tree collection is held by CNR-IVALSA and is also reported within
the collections identified by CREA-FRU.

Currently, the DISBA has collections of animal genetic resources (pigs, cattle, sheep, but also
insects and nematodes), model plants (Arabidopsis, Medicago, Nicotiana, etc.) and plants of food interest.
In detail, the DISBA has the following collections: fruit trees (1860 accessions), Citrus (241 accessions),
olive trees (about 2500 accessions), grapevine (119 accessions), forage plants (782 accessions of
83 species), vegetables, officinal plants and other species (1270 accessions of more than 200 species).
The collections pertain to various institutes of CNR (IBBR, IVALSA, ISAFOM, IBAF, etc.). In particular,
in the IBBR genebank in Bari, more than 65,000 accessions of over 600 different species are preserved.
Most of the accessions belong to cereals and legumes, but also horticultural species and wild
progenitors are maintained, including a living collection of artichoke. Of these accessions, more than
15,000 were directly collected by IBBR in collaboration with other national and international institutions
(e.g., FAO, IBPGR (International Board for Plant Genetic Resources, today Bioversity International),
etc.). These samples are also partially duplicated in other genebanks.

An initial investigation aimed at acquiring an overall picture of the situation was carried out by
DISBA in 2008. However, there is not a common database which brings all the information together,
yet. In addition, it is necessary to find a common and shared protocol for the conservation and
utilization of the PGR stored.

68



Agriculture 2018, 8, 105

1.5. Other Sources

Of course, in addition to the CNR and the CREA in Italy there are other institutions, both public
(e.g., universities) and private (e.g., NGOs) that preserve plant germplasm collections of great value.
The problem is that there is not yet a complete census of these institutions and of what precisely
they preserve. Some initiatives have already arisen with a PGR census as the main aim. Among them
there is a survey by the “Istituto Superiore per la Protezione e la Ricerca Ambientale”—ISPRA
(Institute for Environmental Protection and Research)—which produced in 2010 a volume on the
ex situ conservation of biodiversity of wild and cultivated plant species in Italy, including the state of
the art, problems and actions to be taken [12].

In April 2013, the DISBA of CNR created BioGenRes, the Italian Network of Genetic Resources [14].
BioGenRes represents a first step towards the systematic rationalization and harmonization of national
genetic resources, for the improvement of the agro-food industry and sustainable forest management.
Finally, a project for the constitution of a national inventory is being conducted by CNR, CREA,
INEA under the coordination of the Ministry of Agriculture, starting the National Inventory that is
providing data to EURISCO. The European Search Catalogue for Plant Genetic Resources (EURISCO)
provides information on 1.9 million accessions of crop plants and their wild relatives, preserved ex situ
by almost 400 institutes. It is based on a network of National Inventories of 43 member countries and
represents an important effort for the preservation of the world’s agrobiological diversity by providing
information about the large genetic diversity kept by the collaborating institutions. The central goal of
EURISCO is to provide a one-stop-shop for information for the scientific community and for plant
breeders. EURISCO contains both passport data and phenotypic data. EURISCO is being maintained
on behalf of the Secretariat of the European Cooperative Programme for Plant Genetic Resources
(ECPGR), in collaboration with and on behalf of the National Focal Points for the National Inventories.

2. A General Plan of Action for Italy to Improve the Safeguarding of Crop Genetic Resources

In the light of the above considerations, a plan of action for Italy should include the following
main tasks:

1. To develop new (bio) informatics systems that can facilitate both the management of the utilization
of stored genetic resources (e.g., finding duplicates of accessions, defining core collections),
making them readily available, and doing work together on data of different nature (passport data,
evaluation, images, GIS mapping, etc.) to help breeders to select the best parents for their
breeding programs.

2. To develop (bio) informatics systems that will aid researchers to census the level of
synonymy/duplication internal to the collections. Unwanted duplication may be due to obtaining
the same genotypes from different sources, or from the fact that the same genotype is called by
different names in different areas (a typical example is the olive germplasm).

3. To assess the level of safety duplication of the material stored, i.e., whether each sample has a
“backup copy” stored at another center for the conservation and, if not, developing it also using
innovative techniques of in vitro conservation.

4. To establish contacts and to formalize interactions with major international institutions for
safeguarding plant biodiversity, such as, CGIAR (Consultative Group on Agricultural Research),
Bioversity International, the European Network ECPGR (some important Italian genebanks only
a few months ago joined to EURISCO and AEGIS, others have not yet!).

5. The main critical factor is the lack of a single national institution responsible for the conservation
of all PGR of agricultural interest or of a coordinated germplasm system. This national institution
should also have the task of coordinating activities by other organizations at national and regional
level for the purposes of a correct policy of duplication of collected accessions. The accessions of
many species of agricultural interest are disappearing quickly; traditional crops have almost been
completely replaced by a few commercial varieties. The consequence is the decrease of genetic
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variability in the fields. The survival of many genotypes is exclusively linked to their presence in
collections. A lack of cooperation among the various institutions (public and/or private) involved
in the conservation of PGR should be noted. It is also important to mention the lack of adequate
and continuous funding for the care and maintenance of the collections, including characterization
activities. Equally important are: (a) the difficulties in finding adequate space for new accessions
(often indigenous material threatened by genetic erosion), especially for tree species; (b) lack of
facilities for the proper arrangement of the material to be quarantined; (c) the great heterogeneity
in the documentation of the accessions stored at the various institutions, with the consequent
difficulty of harmonizing the data contained in the various databases maintained by individual
institutions and often specific to only a few species of interest.

6. Some additional actions to be taken for solving the most critical factors are: (a) to define and
institutionalize a national institution for the conservation of PGR for agriculture; (b) to continue
the work of collecting accessions in the national territory which are not yet included in public
collections; (c) to continue and complete the morphological, agronomical, phytosanitary and
molecular characterization of all stored accessions; (d) to improve, complete and harmonize the
documentation of the stored material (e.g., census of facilities that operate the active conservation
of PGR, census of species/varieties stored); (e) to define, for each crop, a core collection, in order to
ensure the efficiency of evaluation and the conservation of essential genetic traits; (f) to carry out
public awareness-raising activities for the safeguarding of PGR and to create awareness regarding
the various potential uses of PGR and the importance of genetic variation within a given species;
(g) to properly prepare the material, especially that under the FAO Treaty, for exchange with
other institutions; (h) to create conditions for increasing the duration of the viability of accessions
in seed storage (suitable climatic chambers for long-term storage); (i) to assess the conservation
status of the material currently present in ex situ collections in order to effectively intervene on
the endangered species from extinction; (j) to promote the use of the National Inventory as a
general platform for documentation and access to data on the PGR stored ex situ in Italy. This will
also facilitate the transfer of information into the various European (EURISCO and the European
Central Crop Databases, ECCDBs) and global catalogues (WIEWS, Genesys).

3. Genetic Resources of the Main Vegetables Cultivated in Italy and Their Safeguarding

3.1. Italian Situation

Vegetable crops in Italy, covering a total area of about 530,000 hectares, belong to about 40 species,
forming a very heterogeneous group. With the exception of tomato (123,000 hectares), potato
(80,000 hectares), artichoke (49,000 hectares), fresh green bean, cauliflower, fennel, lettuce and melon
(22,000–24,000 hectares each), the area of all other vegetables comprises only a few thousand hectares.

The conservation of genetic resources in the process of rapid and final extinction has become,
for some decades, one of the most urgent objectives of genetic research applied to plants, including
vegetables. In fact, the relentless progress of cultivation techniques can provide income gains
only if they are applied to genotypes resistant to pests, suitably adapted to high fertilization,
integral mechanization, chemical weed control, crop protection, and artificial substrates. Commercial
distribution of vegetable seeds, which has almost completely replaced the seed harvested by the
farmer himself, enhances improved cultivars and hybrids according to the requirements cited above,
the presence of which in the market, as a result of the rapid varietal evolution, usually does not exceed
three to four years. In addition, a new vegetable cultivar, to be profitable for the breeder, has to be
protected: this is the reason why, beyond the undeniable merits, the F1 hybrids have become more
widespread, and have drastically reduced the use of open-pollinated cultivars, the cost of multiplication
of which is similar to that of hybrids, but their pay-back for the seed producer is much lower.

The seed industry is increasingly concentrated in the hands of a few multinational corporations;
it engages mainly in obtaining F1 hybrids resulting from a narrow range of parental lines, or providing
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genetically improved crop varieties, consequently, to the preservation of only a small number of
traditional cultivars of particular notoriety and gradually abandoning all the others. This has caused,
and still causes a rapid loss of genetic variation. The old local populations (or landraces) perfectly
adapted to their environment, the nowadays obsolete commercial cultivars, the lines already used
in the work of breeding and today discarded, are, however, a wealth of unique genetic variability,
the loss of which cannot be remedied. The collection, characterization, and conservation of genetic
resources are, therefore, of particular importance, especially in the field of vegetable crops, of which
Italy is historically very rich. To face the problems of genetic erosion, the “National Register of
Horticultural Varieties” was established in Italy in the 1970s (Ministerial Decree of 17.07.1976) in which
726 local varieties called “ante ‘70” were recorded. Later, because of the constant negative feedback
relating to the varietal identity of samples stored at seed industries responsible for their conservation
and the lack of available subjects to carry out their maintenance in purity, it has come to a renewal of
the above mentioned register that led to the cancellation of 326 varieties. To them should be added
other 46 varieties cancelled due to lack of identity requirements and varietal homogeneity. Today,
the new list includes both open-pollinated varieties (506 from the old list and 350 made after 1977),
and 74 F1 hybrids from the old list and 490 hybrids registered after 1977. Seed companies or public
institutions keep them in genetic purity. More details on the “National Register of Horticultural
Varieties”, its updated list and the implications for a variety being included in that list are here
reported [6].

The promotion and development of local products is one of the most important agricultural
policy strategies for the revitalization of the Italian agricultural economy, in particular for the South,
where agriculture often does not have the technical and economic conditions necessary to compete
with the more advanced agricultural systems or to cope with the competition from foreign countries
producing at lower costs. The promotion of local products also contributes to the preservation
of agrobiodiversity: a large amount of crop germplasm would be lost (or would have already
disappeared) if not properly valued and promoted through collective marks (PDO, PGI, AS or
Attestation of Specificity, GTS or Guaranteed Traditional Specialty), which represent important
regulatory instruments to protect consumers and to support small and medium farms.

The whole Italian territory, but particularly inland areas of southern Italy where small
family-owned farms still exist, is particularly rich in vegetable germplasm represented by different
landraces clearly distinguishable from other similar cultivars (for morphological characteristics,
sensorial, etc.) and closely linked to the historical memory of their places of origin [5].

3.2. Main Safeguarding Problems

The numerous scientific activities undertaken so disconnected from the actors in the territory,
threaten to undermine the work already carried out with considerable financial resources at regional,
national, and EU level. Therefore, it is necessary that all steps of recovery, characterization, conservation,
and exploitation are taken only and exclusively in agreement or at the suggestion of local actors, public
or private, located and operating in the territory concerned. In particular, a lack of homogeneity of
methodological approaches adopted in the collection, classification, measurement, and characterization
of the material can be observed. In addition, the exploration of the territory is not always followed by
adequate preservation of the collected material.

The lack of coordination has often led to overlapping of initiatives and a confusion of roles which
would be appropriate to bring order, to better leverage the work already conducted, and to efficiently
address future activities. In addition, the lack of appropriate funding necessary to develop further the
activities of ex situ conservation, with costs generally high, has brought more problems and confusion
in the work.

The evaluation activities of the stored material and studies on the genotype × environment
interaction on the most interesting landraces are insufficient. In the same way the knowledge about
the most effective methods of ex situ conservation is incomplete (e.g., for some crops there are
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no experimental data on the best conservation parameters and conditions). The currently existing
genebanks have played and continue to play, an important role in the collection and preservation of
plant genetic resources, but it is equally true that ex situ conservation alone does not guarantee the
actual conservation of the resources and their durable use. Another important priority is to define the
risk threshold beyond which the varieties are considered at risk of extinction and therefore would
need protection. These thresholds must be recognized and shared by all scientific and non-scientific
subjects working in this field.

3.3. Some Actions to Take for Solving the Most Critical Factors of Vegetable Landraces

It is very important to guarantee the maintenance and management of existing collections and
to survey and to conduct a complete census of ecotypes of vegetable species originating and/or
historically present in the regional agricultural areas, in the way of what regional laws foresee. It is of
great practical importance to collect morphological, chemical, agronomic, and molecular data for the
widest possible characterization of germplasm, in order to identify the potentially most interesting
traits, such as the production of bioactive compounds (e.g., vitamins, fiber, minerals, antioxidants,
enzymes, etc.) important in the prevention of many diseases.

It might be useful to evaluate existing genebanks, in terms of functionality and capabilities, and to
study and develop ‘specific’ methodologies and equipment for the seed preservation, to ensure the
integrity of the genetic material in the long term. For example: (a) are we sure that we can store in the
same storage room about 1000 different species (this is common in many genebanks) thinking that the
climatic parameters used, are the best for all of them? (b) many wild relatives of pulses need specific
rhizobium to grow but usually genebanks do not care for this; (c) the same for plants that need specific
pollinators, no part of genebank is dedicated to them; (d) almost no genebanks monitor the genetic
erosion which occurs in them!

Some multiplication problems can be solved by improving the study on micropropagation
techniques, which for many vegetables could be a great help, as they require less space and costs to
store and to periodically rejuvenate the material.

An effective and unique ‘official’ database of genetic material collected, possibly on-line,
is essential together with evaluation of the agronomic and commercial potential of the best landraces.

To perform better actions for a targeted breeding we have to improve the quality and usability
of information about evaluation data regarding accessions in the collections of germplasm. We must
increase the spread of the technological and scientific results obtained during the investigation on
the best characteristics of traditional products under investigation, and pilot actions to diffuse the
cultivation of the most typically neglected vegetable landraces.

Additional useful actions might be: (a) draft cultivation specifications and application for
release of protection collective marks; (b) trade promotion activities of neglected local vegetables
through awareness and information campaigns; (c) implement the collections through exchange with
other research institutes and Italian and foreign genebanks, seeking to create synergies and ways of
interaction as part of the multiplication and rejuvenation of the seed, in order to optimize the ex situ
conservation of germplasm (this is the aim of the AEGIS, the European Genebank Integrated System,
of which Italy is a member); (d) to prepare guidelines for the definition of a program of activities for the
protection of national biodiversity, to be carried out according to the indicators for the quantification
of the specific objectives of the Rural Development Programme 2014–2020 (in this respect the national
guidelines of the “Piano Nazionale sulla Biodiversità di Interesse agricolo”, is too general); (e) to define
management protocols nationwide standardized for the ex situ conservation of the main local varieties;
(f) to create networks of “guardian farmers”, such as contacts and responsible for the renewal and
multiplication of biodiversity products recovered in the territory, recognizing the work so “loving”
which they have done over the years, as defined also by the National Law on Agriculture and Food
Biodiversity N.194, of 2015; (g) to ensure the economic sustainability of conservation actions (guardian
farmers or any person involved in safeguarding of germplasm); (h) to stimulate multifunctionality of
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farms as a tool for possible economic sustainability of conservation actions (e.g., farmhouses offering
product of landraces produced on-site).

4. Conclusions

This study attempted, above all, to provide a summary, with a strictly scientific basis, on the ex
situ conservation of Italian agricultural biodiversity and, therefore, could represent a small contribution
to the national strategy for the protection of its agrobiodiversity in general.

In addition to the technical and methodological problems, however, the ex situ conservation
is also affected by a general unavailability or shortage of funds, which limits its development.
This phenomenon applies to the majority of genebanks around the world and is accompanied in
many cases by a lack of interest of policy makers in the subject. There is no doubt that the focus on
ex situ conservation, very strong in the 1960s and 1970s, when the first genebanks arose, has been
gradually reduced.

According to FAO (2010), the world’s genebanks store ex situ ca. 7.4 million accessions of
cultivated species (e.g., cereals, legumes, vegetables, fodder, officinal, medicinal, aromatic, etc.),
wild relatives of the cultivated species, and other wild species, threatened by genetic erosion
and/or extinction.

In the future there will be an increasing need to develop sustainable agricultural systems, for both
food and energy and to preserve cultivated and wild species against genetic erosion. The genebanks can
definitely play a decisive role, complementary to the in situ conservation (incl. on-farm conservation)
and to more careful territory planning. In this perspective, a greater economic effort is desirable aimed
at the development of research, the maintenance of genebanks, and the continuous monitoring of the
state of the collections. A political and normative commitment in this sense is crucial, supporting the ex
situ conservation (at the moment this support is still ineffective). In general, a greater involvement by
governments of different countries is desirable to support the networks of genebanks and the activation
of participatory systems that involve the entire chain of production, from farmers to end users, in order
to develop territory management seriously and concretely oriented to sustainability.

5. Case Study: “Mugnolicchio”: A Neglected Race of Brassica Oleracea L. from Altamura (Italy)

The Brassicaceae plants are among the most consumed vegetables in the world. They feature a
large biodiversity, in which landraces and primitive cultivars still play a major role in the cultivation
systems of many countries. Many cultivated Brassicaceae and especially broccoli are rich in antioxidant
compounds that play a key role for human health especially in traditional cuisine [15]. Italy is widely
regarded as the center of genetic diversity for several cultivated Brassicaceae, such as B. oleracea L. var.
botrytis L. (cauliflower) and var. italica Plenck (broccoli). Therefore, many specific exploration missions
have been carried out in Italy to collect Brassica germplasm both cultivated [16,17] and wild [18,19].

This rare landrace of Brassica oleracea was found in the 2014 (Figures 1–3) in Altamura (Bari) and
for the first time a preliminary characterization was made. It is called “Mugnolicchio” or “Mignolicchio”
and is cultivated traditionally in the Altamura area (Apulia region, southern Italy).
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Figure 1. Different big inflorescences of “Mugnolicchio” in the same plant.

 

Figure 2. Plant and inflorescences of “Mugnolicchio”.

 

Figure 3. Flowers of “Mugnolicchio”.

“Mugnolicchio” is similar to the broccoli of which, according to recent investigations, it is
(probably with “Mugnoli” of Salento—Figure 4), the progenitor from which the latter were selected.
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However, only a specific genetic study, considering all together its wild and cultivated relatives,
will clarify if “Mugnoli” is an ancestor or whether it is a parallel development [20].

 

Figure 4. “Mugnoli” of Salento.

Morphologically it is clearly distinguishable from the broccoli (Figures 5–7) for the smaller and
less compact inflorescence; the single flowers of the “Mugnolicchio” are white, larger and with bracts
larger than those of broccoli. Its organoleptic characteristics are peculiar too and often people prefer it
to broccoli. There are many traditional recipes with “Mugnolicchio” in the AltaMurgia area, all aimed
to extoll its sweet and aromatic flavor.

“Mugnolicchio” is a relict landrace because in the area of Altamura (Ba) its cultivation is decreasing
(Figures 8 and 9). The standardization of modern cultivars caused a rapid decline of this landrace
unable to compete in the market because of its small inflorescences and lack of scalar production.
Nowadays it is still produced by small farmers for family use, and very much appreciated by
local people.

 

Figure 5. Commercial broccoli variety.
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Figure 6. Height difference from “Mugnolicchio”(left) and broccoli (right).

 

Figure 7. Cultivation of “Mugnolicchio”.

 

Figure 8. Cultivation of “Mugnolicchio”.
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It is still cultivated in small plots of land by some horticulturists. It is sown in August and
transplanted in autumn in order to collect the inflorescences from March onwards. The plant can be
grown for four years, after that it is replaced. In the past, farmers sowed this crop to separate their
own plots from neighboring areas, as a kind of demarcation. Some plants were also sown in April for
the exclusive use of the fleshiness of the leaves in summer, cooking them with pasta, mainly when in
the middle of summer there are no other cultivated Brassicacae. There are two morphological types
cultivated in the same area. Until now only the morphotype with smooth and slightly lobed leaves
is stored in a genebank (i.e., in Bari at IBBR-CNR). One morphotype is characterized by smooth and
slightly lobed leaves (Figure 9), the other one by fleshy and very lobed leaves (Figure 10). This last
morphotype is probably the typical landrace of the past, because the characteristics of the leaves would
make it more appreciated for food.

 

Figure 9. Morphotype with smooth and slightly lobed leaves.

 

Figure 10. Morphotype with fleshy and very lobed leaves.

The case of “Mugnolicchio” is only one out of a number of other examples of old Italian landraces
that are now being broadly cultivated, as the lentil “Lenticchia di Altamura” [21], the common
beans “Fagioli di Sarconi” [22] and “Fagiolo poverello bianco di Rotonda” [23], the scarlet eggplant
(Solanum aethiopicum L.) “Melanzana rossa del Pollino” [24], the eggplant “Melanzana Bianca
di Senise” [25], the old agroecotypes of potato of the Pollino National Park [26], hulled wheat
(Triticum dicoccon Schrank and T. spelta L.) [26,27], etc.
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Abstract: Traditional vegetables are key assets for supporting more nutrition-sensitive agriculture
under climate change as many have lower water requirements, adaptation to poor quality soils, higher
resistance to pests and diseases, and higher nutritional values as compared to global vegetables.
The effective use of traditional vegetables can be challenged however by lack of information and poor
conservation status. This study reviewed the uses, growth forms and geographic origins of cultivated
vegetables worldwide and the levels of research, ex situ conservation, and documentation they have
received in order to identify gaps and priorities for supporting more effective use of global vegetable
diversity. A total of 1097 vegetables were identified in a review of the Mansfeld Encyclopedia of
Agricultural and Horticultural Plants, including species used for leaves (n = 495), multiple vegetative
parts (n = 227), roots (n = 204), fruits or seeds (n = 90), and other parts like flowers, inflorescences,
and stems (n = 81). Root vegetables have received significantly less research attention than other
types of vegetable. Therophytes (annuals) have received significantly more attention from research
and conservation efforts than vegetables with other growth forms, while vegetables originating in
Africa (n = 406) and the Asian-Pacific region (n = 165) are notably neglected. Documentation for most
vegetable species is poor and the conservation of many vegetables is largely realized on farm through
continued use. Supportive policies are needed to advance research, conservation, and documentation
of neglected vegetable species to protect and further their role in nutrition-sensitive agriculture.

Keywords: traditional crops; cultivated vegetables; neglected and underutilized species; nutrition;
climate change adaptation

1. Introduction

Vegetables are important sources of micronutrients, including vitamins, minerals, antioxidants
and fibre needed to conduct a healthy and productive life [1,2]. They are among the most diverse,
colourful and tastiest foods, and are strategic for reaching balanced diets and reducing the incidence
of severe health ailments [1,3]. Current nutrition guidelines recommend consumption of at least 400 g
(5 portions) of fruits and vegetables per day [4], yet a large proportion of individuals do not meet
these requirements, which is contributing to rates of malnutrition and the rise of non-communicable
diseases around the world [5–7].

Links between agriculture and nutrition are well documented and historic trends in
agricultural development are acknowledged to have contributed to current diet insufficiencies [8,9].
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The calorie-centric approach focused on enhancing yields of a few staple cereals through the Green
Revolution has led to a profound loss of diversity in agriculture and food systems. Rice, wheat and
maize account for 51 percent of plant-based caloric intake and 42 percent of the total food supply
(kcal/capita/day) in human diets, meanwhile their cultivation covers 40% of arable land globally [10].
In comparison to the major cereals, investments in research and development for vegetables have
been negligible and focused mainly on a small basket of globally-important crops [11]. Production of
vegetables and fruits is currently insufficient to meet the needs of the human population, with supply
deficits of 22% on average and up to 58% in low-income countries [12]. Value chains for vegetables
are, moreover, poorly developed in many places, which limits their accessibility to consumers [13–16].
Enabling access to vegetables at an affordable price is both an emerging priority and a challenge for
policy makers as populations become increasingly urbanized and reliant on purchased foods [17–20].

In recognizing the need for nutrition-sensitive agriculture and food systems, greater vegetable
production and use are being called for and promoted through horticulture, home gardens, urban and
peri-urban agriculture, agroforestry, and school feeding programmes, among other approaches [21–28].
As well as supplying nutritious food, vegetable production is also recognized as a profitable sector
that can support income generation [11,29]. While having great potentials, vegetable cultivation also
faces important agronomic challenges and limitations, especially with regards to water availability, soil
fertility, and pest and disease control. It is highly sensitive to climate change [30–33] and can enhance
vulnerability of producers in water limited areas [34,35], as well as exposure to harmful chemical
inputs [34,36–38]. To ensure a holistically sustainable development trajectory, the transformation
towards vegetable-rich production and food systems should also support climate change adaptation
and protection of human and environmental health [39].

Traditional vegetables are an important asset for meeting this challenge as many have high
nutritional value, low water requirements, adaptation to poor quality soils, and good resistance to
pests and diseases [40–45]. Several indigenous leafy vegetables of Africa present an optimal source
of nutrients such as β-carotene, folate, iron, calcium, zinc, proteins and dietary fibre [46–49], while
showing lower water use and higher water use efficiency compared to introduced vegetables such
Swiss chard (Beta vulgaris subsp. Vulgaris L.) [50]. Chaya (Cnidosculus aconitifolius (Mill.) I.M. Johnst) is
a shrub native to Mesoamerica that thrives with few inputs in arid conditions and produces leaves with
two to three times the nutrient value of spinach and lettuce [51,52]. The greater content of important
macro and micronutrients found in many traditional vegetables is partly the result of crop improvement
favouring selection of traits such as high yield, shelf life, and appearance, while neglecting traits such as
vitamin and mineral content [44,53,54]. Traditional vegetables can also require relatively fewer labour
and economic inputs compared to global vegetables, meaning they present lower risks of financial
losses for small farmers [55]. Because of their nutritional values and local adaptation, there is a growing
body of literature highlighting how greater production and consumption of traditional and indigenous
vegetables can support nutrition security and incomes [46,56–59]. However, more research is needed
to clarify and leverage the roles and potentials of specific species, as the complex relationships between
nutritional yields, water availability, and soil quality [60,61] remain underexplored for many species,
as do their acceptability to consumers and capacities for integration in value chains.

Lack of knowledge and research generally challenges the promotion and use of traditional
vegetables. Similar to other neglected and underutilized crop species, traditional vegetables are
characterized by limited research efforts, breeding efforts, germplasm characterization, knowledge on
species distribution and production levels, and representation in ex situ collections [62]. A dearth of
information and poor awareness may allow useful species to be overlooked through a vicious cycle of
neglect and underutilization. Declining use and eroding knowledge of traditional vegetables has been
observed in many places around the world, which threatens their persistence into the future and limits
the delivery of their benefits to society [63,64]. One million accessions are kept in world gene banks for
vegetable crops but they mainly cover a small number of commodity crops (viz. tomatoes, capsicums,
melons and cantaloupe, brassicas, cucurbits, alliums, okra, and eggplant) and crops with important
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non-vegetable uses such as grain, pulse or fibre [65]. The state of conservation of traditional vegetables
remains largely underexplored and poorly documented but many are likely conserved primarily
through continued cultivation on-farm, which is a fragile situation where their use is declining [45].

This study aimed to shed light on the diversity of cultivated vegetables worldwide and to highlight
opportunities to leverage neglected and underutilized species for more nutrition-sensitive agriculture.
A database of cultivated vegetable species was compiled by review of the Mansfeld Encyclopedia
of Agricultural and Horticultural Crops [66] and trends and gaps for their research, conservation,
and documentation were evaluated in relation to their uses, growth forms, and geographic origins.
The results reveal priority areas for research and development which can help to build the knowledge
base and strengthen the conservation of vegetable diversity to support its integration in more
nutrition-sensitive production systems.

2. Materials and Methods

A database of cultivated vegetable species was compiled for the study based on the 3rd edition of
the Mansfeld’s Encyclopedia of Agricultural and Horticultural Crops [66]. This resource covers more
than 6040 species cultivated by humans, excluding ornamentals. The list of species has been compiled
through comprehensive reviews of the scientific literature and contributions from botanical institutes, gardens,
and research centers around the world [66,67]. It is among the most thorough databases of cultivated plants
at the global level and has been used in previous assessments of cultivated plant diversity [68,69].
Existing global reviews of vegetable species (e.g., [70,71]) do not explicitly include all minor and
traditional vegetables cultivated in local food systems. The Mansfeld Encyclopedia was selected
because it best matched the objective and scope of the study to consider all cultivated vegetables,
including minor species, while following a consistent format suitable for global level analysis.

Any plant part consumed for food that is not a mature fruit or seed is by definition a vegetable,
meanwhile fruits (and legume pods) prepared in salads and savoury dishes are also considered
vegetables in a culinary sense [72]. All plant species with vegetative parts consumed or for which fruits
and seeds were explicitly mentioned to be consumed as a vegetable in the Mansfeld Encyclopedia
were included in the database (Database S1). Non-vegetable uses of the seed (as cereals, grains or
pulses) and fruit (consumed as a sweet or tart snack, dessert or side dish) were noted. The distinction
between vegetable and non-vegetable uses for the fruits and seeds was challenging and arbitrary
in some cases because it is based on perception and preparation. For this reason, we acknowledge
that some inconsistencies have likely occurred in the database. To enable comparisons with other
databases, the list of cultivated vegetables was standardized to accepted synonyms on the Plant List
(http://www.theplantlist.org), which is a noble attempt toward a comprehensive online database of
all plant species initiated by Royal Botanic Gardens, Kew, and the Missouri Botanical Garden [73].
The process of standardizing the synonyms was automated using the Taxonstand package in R [74].
Unresolved species were maintained that did not have other potential synonyms in the list.

2.1. Species Characterization

For all the species in the database, the specific part/s used as a vegetable were scored. In cases
when the parts utilized as vegetable were unclear or unspecified in the Mansfeld Encyclopedia,
additional credible data sources were consulted for clarification. Five distinct groups of vegetables
were defined based on their use: “leafy vegetables” that are used for their leaves and which may also
be used for their shoots; “root vegetables” for which roots, tubers, rhizomes, corms or bulbs are used;
“fruit and seed vegetables” for which the fruit, pods, or fresh seeds are used as vegetables; “other
vegetables” used for other specific parts such as flowers, stems, and shoots, and “multiuse vegetables”
which, in contrast to the previous groups, have multiple parts used as vegetables. This grouping
was made with reference to exploratory analyses with multiple correspondence analysis (MCA) and
hierarchical clustering in the FactoMineR package in R.
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In addition to plant uses, the geographic region of origin for each vegetable species was also
documented. Each species was classified based on the notes in the Mansfeld Encyclopedia regarding
countries and ranges of cultivation into the twelve cradles of agriculture and centres of diversity
proposed by Zeven and Zhukovsky [75]. Following a similar process as for classifying species into
use typologies, species were assigned into five groups reflecting common geographic origin. Species
were grouped together that had a clear origin in (1) the Americas; (2) Saharan and sub-Saharan Africa;
(3) the region spanning Europe, the Mediterranean, the Near East, and Central Asia; and (4) Asia,
Australia and the Pacific Islands. A fifth group included wider ranging species whose origin was
unclear or which spanned several regions.

Literature searches were furthermore performed for each vegetable species to classify them by
growth form. The Raunkiaer life form system [76] as modified by Govaerts and colleagues [77] was
applied, which is a fairly simple and widely used classification for plants that relates to many aspects
of plant ecology, including reproductive mode, lifespan, and associated climate [78,79]. The Raunkiaer
life forms are defined based on how species survive in unfavourable seasons and particularly how well
the vegetative buds are protected. Further detail on the classification is provided in Table 1. In addition
to classifying the cultivated vegetables by these 10 life-forms, additional characterization as climbing,
succulent and parasitic plants was followed as per Govaerts et al. [77].

Table 1. Growth form classification of plant life forms sensu Raunkiaer [76] and Govaerts et al. [77].

Life Form Characteristics

Phanerophytes Persistent woody stems and buds that project 3 m or more above the soil.
Includes trees and large shrubs, e.g., Moringa oleifera Lam.

Nanophanerophytes Woody, persistent stems, with buds located between 0.5 m and 3 m above ground
level. Includes smaller shrubs, e.g., Cordyline fruticosa (L.) A. Chev.

Herbaceous phanerophytes Herbaceous stems projecting more than 0.5 m above ground level that persist for
several years. Includes many tropical species, e.g., Musa acuminata Colla.

Chamaephytes
Persistent stems that are herbaceous or woody with buds located above soil level,
but never by more than 0.5 m. Includes dwarf shrubs and some perennial herbs,
e.g., Aloe macrocarpa Tod.

Hemicryptophytes

Herbaceous stems that often die-back during unfavourable seasons with
surviving buds placed on (or just below) soil level. Includes many biennial and
perennial herbs, including those in which buds grow from a basal rosette, e.g.,
Lactuca sativa L.

Geophytes Stems that die back during unfavourable seasons with the plant surviving as a
bulb, rhizome, tuber or root bud, e.g., Daucus carota L.

Therophytes
Complete their entire life-cycle during the favourable season and survive the
unfavourable season as a seed. This group includes all annual herbs, e.g.,
Corchorus olitorius L.

Epiphytes Growing buds occur on another plant, e.g., Peperomia pereskiifolia (Jacq.) Kunth.

Helophytes
Surviving buds are buried in water-saturated soil, or below water-level, but with
flowers and leaves that are fully emergent during the growing season. Includes
many marsh plants and emergent aquatic herbs, e.g., Typha latifolia L.

Hydrophytes

Fully aquatic herbs in which surviving buds are submerged, or buried in soil
beneath water. Stems and vegetative shoots grow entirely underwater and leaves
can be submerged or floating, but only the flower-bearing parts may be emergent,
e.g., Vallisneria natans (Lour.) H.Hara.

2.2. Indicators of Neglect

Three indicators of neglect from research and development were assessed for each of the cultivated
vegetable species following a similar approach to Galluzzi and Lopez Noriega [62], as described below.
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Firstly, the number of records in Google scholar was used as an indication of research effort
devoted to the species. Google scholar is a well utilized and robust index of academic literature from
multiple disciplines that concern agriculture, including the social sciences and life sciences [80]. Google
Scholar has some disadvantages compared to more controlled databases, including full-text rather
than field-level search, lack of controlled vocabulary [81] and duplicated-records [82]. However,
the coverage and accuracy has greatly improved over time and the index has some important
advantages. In particular, accessibility was an important criterion for this review and a primary
reason why Google Scholar was preferred over subscription based databases [83]. Comparisons of
Google Scholar search results to other databases show a strong overlap [80]. A search was conducted
for each species including the genus and species epithet as required words to be included along with
at least one of the words “nutrition”, “food” or “vegetable”. This specification was made to help
limit the search results to food uses and exclude studies relating mainly to pharmacology and other
aspects. The search was limited to the previous 20 years (1997–2017) and was performed for the
established synonym(s).

Secondly, the number of accessions maintained in ex situ germplasm collections worldwide was
assessed using the World Information and Early Warning System on Plant Genetic Resources for
Food and Agriculture database (WIEWS). The WIEWS database provides access to official figures
on the number of plant genetic resources for food and agriculture secured in either medium- or
long-term conservation facilities, as part of the monitoring of the implementation of the Second
Global Plan of Action for Plant Genetic Resources for Food and Agriculture, and the plant component
of Sustainable Development Goal indicator 2.5.1. The total number of accessions maintained for
each cultivated vegetable species was queried by searching the established synonym and additional
common synonyms.

Thirdly, production data from the Food and Agriculture Organization of the United Nations
Statistical Databases (FAOSTAT) were used as an indicator of knowledge on species distribution
and production levels. These agricultural statistics are reported by member nations and collected
from agricultural yearbooks and other publications [84]. The data are not always based on direct
observations, which results in some inconsistencies. Nonetheless, they a rare standardized source of
cropping information and a pillar for global analyses of crop production [84,85]. Data for vegetables in
FAOSTAT primarily concern those grown for human consumption in field and market gardens, while
excluding those grown in small family gardens for household consumption. It is noted that significant
gaps in the coverage of FAOSTAT would naturally exclude some of the vegetable species covered in
this review. However, as this database represents a standard for agricultural production statistics and
reflects on the detail of data collected by nation states, it was considered as a reasonable indicator
of documentation (and knowledge) of species distribution and production levels. The number of
countries with official data for different vegetables over the past 20 years (1997–2016) was assessed.

2.3. Relating Indicators of Neglect to Use, Growth Form and Region of Origin

The relationship between the three indicators of neglect (number of Google scholar records,
number of accessions, and documentation in FAOSTAT) and species characteristics (region of origin,
growth form, and vegetable and non-vegetable uses) were explored using statistical analyses. Welch’s
Analysis of Variance (ANOVA) was applied to test how the number of Google scholar records and
accessions maintained in world gene banks relate to species characteristics. Welch’s ANOVA is suitable
for cases with unequal variance and sample sizes between groups but it assumes the sample conforms
to a normal distribution, which was achieved by log-transformation. Following a similar approach to
other researchers [86,87], post hoc pairwise comparisons were made using Games and Howell tests,
which have similar assumptions and are consistent with Welch’s ANOVA [88,89]. Chi-square tests
were similarly used to assess how the probability of being included in FAOSTAT (either as a specific
species or as part of a group of vegetables) related to species characteristics. In this case, Fisher exact
tests were applied for post hoc pairwise comparisons. All analyses were performed using R version
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3.4.3 (R Foundation for Statistical Computing, Vienna, Austria) in R Studio version 1.1.383 (RStudio,
Inc., Boston, MA, USA).

3. Results

A total of 1097 cultivated vegetable species from 133 families and 544 genera were identified in
the study. The families with greatest number of cultivated vegetable species were the Leguminosae
(n = 127), Compositae (n = 85), Dioscoreaceae (n = 56), Amaranthaceae (n = 45) and Araceae (n = 44).
The genera with the most cultivated vegetable species were the Dioscorea (n = 54), Solanum (n = 26)
and Allium (n = 26). Almost all species had accepted synonyms but 32 species names were unresolved.

3.1. Uses

Various plant parts are used as vegetables including above-ground vegetative structures like
leaves (58%), shoots (15%), and stems (3%), underground vegetative structures such as tubers (12%),
rhizomes (5%), roots (4%), bulbs (3%), and corms (2%), and reproductive structures like flowers and
inflorescences (13%), ripe or unripe fruits (10%), and fresh seeds (4%). The majority (75%) of the
cultivated vegetables have only one plant part used as a vegetable, while a quarter (25%) have multiple
parts used as vegetables. Numerous vegetable species also have non-vegetable food uses such as fruit
(12%) and grain/pulse (9%). Parkia speciosa Hassk. was the species with the most parts utilized as
vegetables including the leaves, thickened inflorescences, sprouts, fruits, and seeds. Other species with
many parts used as vegetables are Moringa oleifera Lam., Momordica dioica Roxb. ex Willd., Benincasa
hispida (Thunb.) Cogn., Sechium edule (Jacq.) Sw., Dioscorea praehensilis Benth., Nelumbo nucifera Gaertn.,
Aponogeton distachyos L.f., Psophocarpus grandifloras R.Wilczek, and Psophocarpus scandens (Endl.) Verdc.
Five groups of vegetables were defined based on their use typology: 45% are used primarily for their
leaves; 19% are primarily used for underground vegetative parts (roots, tubers, corms, rhizomes,
or bulbs); 8% have fruits and/or seeds used as vegetables; 7% have other vegetative parts used as
vegetables such as flowers, inflorescences, stems, and shoots and 21% have multiple parts used as
vegetables (Table 2).

Table 2. Use typology of cultivated vegetable species.

Leafy Vegetables
(n = 495)

Root Vegetables
(n = 204)

Fruit/Seed
Vegetables (n = 90)

Other Vegetables
(Flower, Stem,
Shoot) (n = 81)

Multiuse
Vegetables (n = 227)

Parts used as a vegetable

Leaves 100% 63%
Shoots, sprouts 14% 46% 25%

Stems 15% 12%
Bulb 13% 5%
Corm 9% 2%
Tuber 52% 12%

Rhizome 15% 10%
Roots 12% 11%

Flowers, petals,
inflorescences 40% 48%

Fruit/pod 77% 18%
Fresh seed 30% 7%

Parts used for non-vegetable uses

Seed 8% 1% 27% 16%
Fruit 12% 2% 20% 25%

3.2. Growth Forms

The most common growth forms of the cultivated vegetables are geophytes (33%) and therophytes
(22%) (Figure 1). Phanerophytes (18%), nanophanerophytes (10%) and herbaceous phanerophytes (2%)
together make up a sizable portion of the cultivated vegetables. Hemicryptophyte (6%), chamaephyte
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(4%) and helophyte (4%) growth forms are less common, while only two hydrophyte (Vallisneria
natans (Lour.) H.Hara and Limnophila aromatic (Lam.) Merr.) and four epiphyte (Ficus rumphii Blume;
Ficus annulata Blume; Begonia eminii Warb.; and Peperomia pereskiifolia (Jacq.) Kunth) species were
identified in the analysis. Of all the cultivated vegetables, 17% are climbing plants, which are mostly
geophytes and therophytes. Just 3% are succulents, found mostly among the nanophanerophytes,
chamaephytes, and therophytes.

Figure 1. Growth forms of cultivated vegetable species with different uses worldwide.

3.3. Centre of Origin

The majority (72%) of cultivated vegetables have their centre of origin in just one of the world
regions of crop diversity defined by Zeven and Zhukovsky [75]. Eighteen percent of the species have
a wider centre of origin spanning two regions, while 10% have extensive ranges that span further
than three regions. The widest ranging species include several pan-tropical (5%), Eurasian (2%),
paleo-tropical (1%), and other species for which the centre of origin is unclear such as Euphorbia hirta
L., Neptunia oleracea Lour., and Laportea aestuans (L.) Chew. Overall, 37% of cultivated vegetable species
were determined to have an Asian–Pacific origin, 22% originated in the Americas, 17% are from the
region spanning Europe, the Mediterranean, Near East and Central Asia, 15% originated from Saharan
and sub-Saharan Africa, and 10% are wide ranging species that cross several world regions (Table S1).
The geographic distribution of vegetables with different uses is shown in Figure 2.
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Figure 2. Number of cultivated vegetable species with different use types from different regions of
diversity worldwide [75]. Base map courtesy of WikiMedia Commons.

3.4. Research

The number of Google scholar records relating to food, nutrition or vegetable uses for the
cultivated vegetables ranged from 0 to 62,700 with a median of 382 (1st quartile 74; 3rd quartile 1700).
No study relating to food, nutrition or vegetable uses was found for 13 of the species using the search
query applied, while an additional 65 species had just 10 or fewer studies (Table S2). Many of these
poorly studied vegetables were in the Dioscoreaceae (n = 20), Leguminosae (n = 10), Araceae (n = 7)
and Compositae (n = 5) along with 25 other families. The best studied vegetable species were Phaseolus
vulgaris L., Glycine max (L.) Merr., Solanum lycopersicum L., Brassica napus L., Solanum tuberosum L.,
Pisum sativum L., Brassica oleracea L., Capsicum annuum L., Allium cepa L., and Vicia faba L., each of which
had more than 25,000 records in Google scholar.

The number of Google scholar records for vegetable species was significantly related to growth
form, region of origin, and vegetable and non-vegetable uses (Welch’s ANOVA, Table 3). Root
vegetables had significantly fewer Google scholar records than all other types of vegetable (Figure 3A;
Games-Howell test p < 0.01). The multi-use vegetables had significantly more Google scholar records
than the leafy vegetables and other vegetables, as well as the root vegetables (Figure 3A; Games-Howell
test p < 0.05). Species exclusively used as vegetables had significantly fewer Google scholar records
than those with non-vegetable uses for the fruit or seed (mean 1822 ± 153 vs. 3916 ± 510; Table 3).
The therophyte vegetables were by far the best researched with significantly more Google scholar
records compared to chamaephyte, herbaceous phanerophyte, nanophanerophyte, phanerophyte,
and geophyte vegetables (Figure 3B; Games–Howell test p < 0.05). Wide-ranging species and vegetables
from the Europe-Mediterranean-Near East-Central Asia region had significantly more Google scholar
records compared to species from Africa, the Asia-Pacific region, and the Americas (Figure 3C;
Games–Howell test p < 0.05). Vegetables originating in Africa notably had received the lowest level of
research attention, with significantly fewer Google scholar records compared to vegetables from all
other regions of origin (Figure 3C; Games-Howell test p < 0.05).
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Table 3. Results of statistical tests evaluating how indicators of neglect for cultivated vegetable species
relate to growth form, region of origin, and vegetable and non-vegetable uses.

Factor # Google Scholar Records a # Accessions a Documented in FAOSTAT b

Growth form F(7, 192.58) = 9.84 *** F(7, 195.5) = 25.46 *** X2
(7) = 121.93 ***

Region of origin F(4, 417.14) = 20.94 *** F(4, 399) = 17.40 *** X2
(4) = 12.88 *

Vegetable use F(4, 293.4) = 18.78 *** F(4, 299.1) = 38.70 *** X2
(4) = 105.33 ***

Non vegetable use F(1, 50.19) = 50.19 *** F(1, 299.1) = 23.53 *** X2
(1) = 7.26 **

* p < 0.05, ** p < 0.01, *** p < 0.001. a, Welch’s ANOVAs on log transformed data; b, Chi-square tests on binary data
(included as a specific species or in a group of species = 1; not included at all = 0).

Figure 3. Mean (±standard error) number of Google scholar records relating to food, nutrition and
vegetable uses for cultivated vegetables with different uses (A), growth forms (B), and regions of origin
(C); mean (± standard error) number of accessions maintained in world genebanks for cultivated
vegetables with different uses (D), growth forms (E), and regions of origin (F); and the percent of
cultivated vegetable species with different uses (G), growth forms (H), and regions of origin (I) that
were documented in FAOSTAT production statistics for at least one country in the previous 20 years.
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3.5. Ex Situ Conservation

The number of accessions maintained for the cultivated vegetable species ranged from 0 to
142,040 with a median of 1251 accessions (1st quartile 1; 3rd quartile 50). No accessions were found to
be maintained in the worlds’ genebanks for 270 cultivated vegetable species (listed in Table S3). Many
of the vegetables excluded from ex situ collections were in the families Dioscoreaceae (n = 34) and
Araceae (n = 30) along with 79 other families. The 10 best conserved vegetable species with the most
accessions were Phaseolus vulgaris L., Glycine max (L.) Merr., Pisum sativum L., Solanum lycopersicum
L., Vicia faba L., Capsicum annuum L., Solanum tuberosum L., Brassica oleracea L., Brassica napus L. and
Allium cepa L., which had more than 26,722 accessions each.

The number of accessions maintained by genebanks was significantly related to species’ growth
form, region of origin, and vegetable and non-vegetable uses (Welch’s ANOVA; Table 3). Fruit/seed
and multiuse vegetables had significantly more accessions than leafy vegetables, root vegetables and
other vegetables (Figure 3D; Games–Howell test p < 0.05). Species exclusively used as vegetables had
fewer genebank accessions compared to those that also had non-vegetable food uses for the fruit or seed
(mean 411 ± 83 vs. 2980 ± 907; Table 3). The therophytes had significantly more accessions compared to
chamaephytes, geophytes, helophytes, hemicryptophytes, phanerophytes, herbaceous phanerophytes,
and nanophanerophytes (Figure 3E; Games-Howell test p < 0.05). The hemicryptophytes were
also noted to have significantly higher numbers of accessions compared to the phanerophytes,
nanophanerophytes and helophytes (Figure 3E; Games-Howell test p < 0.05). Vegetables from Africa
and the Asia-Pacific region had significantly fewer accessions compared to species originating from
the Americas and the Europe-Mediterranean-Near East-Central Asia region, as well as far-ranging
species with origins spanning multiple regions (Figure 3F; Games-Howell test p < 0.05).

3.6. Production Data

There was a general paucity of production data in FAOSTAT for the cultivated vegetables. Only
19 species were documented specifically, while another 74 were documented in groupings that included
several species, sometimes from distant taxonomic groups and including up to 20 congeners in the
case of yams (Table S4). Some species could fit into multiple categories. For example, Allium sativum
L. could be classified as “garlic” or among the “leeks and other allia”. Overall, 92% of cultivated
vegetable species were not covered by the database, or would only be potentially covered in very broad
unspecific categories like “vegetables, fresh, not elsewhere specified” or “vegetables, leguminous, not
elsewhere specified”, which were excluded from our analysis for their generality. The likelihood of a
species being included in FAOSTAT was significantly related to growth form, use, and region of origin
(Chi-square test; Table 3). In contrast to the pattern seen for Google scholar records and genebank
accessions, the root vegetables were found to have higher coverage in FAOSTAT compared to all other
types of vegetable aside from fruit/seed types (Fisher exact test p < 0.05). The higher probability
of geophytes being included in the database echoed this result (Fisher exact test p < 0.05). Leafy
and ‘other’ vegetables, as well as phanerophyte and nanophanerophyte vegetables had the poorest
coverage in FAOSTAT. Vegetables from the Asia-Pacific region had significantly lower probability of
being included in FAOSTAT compared to those from the Americas (Fisher exact test p < 0.05).

4. Discussion

The results from this study confirm the existence of a large diversity of cultivated vegetables in
most regions of the world, which is a rich basket of opportunities that can be harnessed to fight poverty,
nutrition insecurity and vulnerability to climate change. Of the 1097 cultivated vegetables, few were
found to have received substantial coverage by research, ex situ conservation, and production statistics
(Table S5). Most vegetables have instead received scant attention from research and conservation
efforts and their production remains poorly documented. The potential of traditional vegetables
is increasingly recognized for supporting more nutritious and sustainable production and food
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systems [40–45], however a lack of knowledge and conservation of these species can challenge efforts
for their promotion [90,91]. Clear patterns were observed regarding levels of research, conservation,
and documentation of vegetables with different growth forms, uses, and regions of origin, which
highlighted some priority areas to help advance the role of vegetable diversity for nutrition sensitive
agriculture, as discussed in the following paragraphs.

Five use typologies of vegetables were distinguished in the study, which have received different
levels of research attention. Root vegetables stood out for having significantly fewer Google scholar
records compared to all other types of vegetables, calling attention to this group as potentially deserving
greater research attention. The major nutritional contribution of many root vegetables is starch [1,4],
but their food and nutrition security contributions can be important as they can provide important
sources of health-promoting vitamins and minerals [92–94]. For example, Andean roots and tubers,
such as oca (Oxalis tuberosa Molina) and mashua (Tropaeolum tuberosum Ruiz and Pav.) present distinct
amino acid compositions and are rich in ascorbic acid that is fundamental for optimal absorption
of iron [95]. In addition to the roots, neglected leafy vegetables and species used for stems, shoots,
and flowers may also merit greater research attention as these plant parts can provide important
macro and micro nutrients to diets [46–49,96,97] and they were found to have received lower research
attention than the multiuse vegetables. Since more than half of cultivated vegetables (58%) are used
primarily for their leaves, we note that this large and poorly studied group of species could indeed
offer a great diversity of opportunities for supporting more nutrition-sensitive agriculture.

Cultivated vegetables come in a variety of growth forms including trees, shrubs, herbs, and water
plants. The therophyte (annual) vegetables are by far the best researched and conserved, while other
growth forms are comparatively neglected. The poor ex situ conservation of non-annual plants may
relate to challenges posed by their biology and their perceived economic values. Annuals are well
suited to ex situ conservation, which primarily involves storage of seeds in cold chambers [98]. Other
major growth forms of vegetable such as geophytes, phanerophytes, and nanophanerophytes are often
clonally propagated or have recalcitrant seeds that are sensitive to desiccation and/or cold [99,100].
The majority of plant species with recalcitrant seeds are shrubs or trees, of which about half are found
in tropical moist forests [101]. Adequate representation of the genetic diversity of such species in ex situ
collections poses difficulties as they must be conserved either in field genebanks or in vitro, while the
processes and research required to establish their conservation may prove cost ineffective [98,102,103].
In view of these constraints, conservation of the genetic diversity of many cultivated vegetables
is likely to depend in large part on in situ/on farm conservation [104]. As the use of traditional
crops and transmission of associated knowledge are observed to be decreasing in many parts of the
world [63,105], attention to reverse these trends are paramount to ensure the maintenance of these
resources into the future.

Neglected vegetables are found in all world regions but a strikingly low amount of research and
few genebank accessions are dedicated to species from Africa and the Asia-Pacific region. This pattern
results from the narrow focus of research and development on major staples, as well as other
historical and cultural factors that have shaped priorities in production and market development
in these regions [8,106–109]. Traditional vegetables are recognized as strategic assets to reduce high
rates of malnutrition that persist in Africa and Asia due to the strong nutritional values, seasonal
availability, and capacity to thrive on poor soils under water limited conditions that characterize
many species [46,56,110]. Important steps are already being taken for promotion of traditional
vegetables towards this end [111–113]. Notably, the World Vegetable Centre (AVRDC) is conducting
selection programmes for indigenous Asian and African vegetables in addition to their active breeding
programmes for ten major vegetable species [114]. The African Orphan Crops Consortium is another
important initiative advancing research on African crops, which is committed to developing genomics
resources for 57 of the cultivated vegetable species included in this review [115]. Despite numerous
important efforts such as these, very low research and conservation for African and Asian vegetables
was still detected in this study, which is likely due to the vast diversity of vegetables available in these
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regions (406 species of vegetable in Asian Pacific Region and 165 species in Africa). Significant time,
investments and policy support will be necessary to advance research, breeding, and promotion for
neglected vegetables in these mega-diverse biodiversity regions, which could in turn be valuable for
enabling transformations toward more nutrition sensitive agriculture.

We acknowledge that the number of Google Scholar records may not be a perfect indicator
of research effort because this index cannot possibly capture all the studies that have been carried
out for every species. The results were consistent with expectations that globally important crops
(e.g., tomato, eggplant, cucumber, and lettuce) would have a much higher number of records compared
to less common and more poorly known species, which supports the validity of this measure as an
indicator of research effort. Additional indicators of research effort, such as investments in research
programmes and training of researchers on specific species would have been interesting to include
in the study but this information is challenging to access in a consistent and comprehensive form for
global level analyses. The Agricultural Research and Development Indicators (ASTI) reveal relatively
low investments in vegetables as compared to other crops and commodities in many countries (e.g.,
Guatemala 13% of research focused on potatoes [116]; India 8% of research focused on vegetables [117];
Mali 6% of research focused on horticultural crops [118]) but very little detail is provided in these
statistics about specific crop species. Coverage in FAOSTAT is similarly not a perfect indicator of
knowledge on species distribution and production levels. Much more detailed information is certainly
available on the distribution and production of some species in some locations. However, accessing this
data in a consistent and exhaustive form suitable for global level analyses would be very difficult. As
FAOSTAT presents a standard for agricultural production statistics and is frequently relied upon by the
agricultural research community for analyses of global production, we see a great value in this indicator
for reflecting the level of accessible knowledge on these species. Our results highlight many gaps in the
database and some peculiarities, such as higher coverage of geophytes and herbaceous phanerophytes
compared to other groups that results mainly from the high number of species captured under common
name categories like “yams” (20 species) or “Plantains and others” (five species). Documentation
of vegetables should be vastly improved in FAOSTAT and national production statistics to support
their promotion and integration into nutrition-sensitive agricultural and food systems. Disaggregating
figures for different species, especially for those that are not closely related taxonomically (e.g., “Carrots
and turnips”), would be an important step in this direction.

Poor documentation of production levels, as well as poor availability of data on the nutritional
and agronomic characteristics of the cultivated vegetables makes it challenging to assess their use
potentials. The nutritional composition of traditional vegetables is patchily documented in national
and regional food composition tables [119], while the FAO EcoCrop database was found to cover only
29% of the vegetable species in our review. Among those covered, 50 species are capable of producing
on low quality soil with 300 mm of rain or less annually (Table S6). These species may be relevant for
supporting vegetable production in marginal areas facing climate change, however it is noted that the
remaining 71% of species that are not included in this database should not be overlooked for this role,
as they may also have these potentials. In this sense, generating and increasing access to information
on the diversity of vegetable species can be vital toward recognizing and leveraging the potentials of
cultivated vegetable species.

Many of the 1097 vegetables included in this study are neglected by research, conservation and
production statistics but they may not necessarily be underutilized. Some neglected vegetable species
may be popularly used in local food systems. Meanwhile others may have important limitations of
toxicity, difficult processing, poor productivity, restricted growing ranges, or other constraints that
could challenge efforts to promote their use [64]. For example, some of the vegetable species in our
review are famine foods (e.g., Morinda citrifolia L., Dioscorea sansibarensis Pax, and Icacina oliviformis
(Poir.) J.Raynal), which are consumed mainly in times of food shortage and have toxins that can cause
unpleasant side effects such as gastrointestinal complications, demanding intensive processing to
render them edible [120]. Increased research attention can help overcome key production, processing
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and marketing constraints to unlock their benefits for nutrition and incomes [121]. For example,
traditional methods and new technologies for food processing can eradicate or reduce toxicity and
antinutrients [122,123]. Breeding could also have a role in targeting changes to secondary metabolites
to improve acceptability [124]. Overcoming production, processing and marketing challenges to
achieve a more substantial and commercially-oriented production may not be feasible for all vegetables
and may also not be efficient when alternative crops with better production and market values are
available. Many of the neglected cultivated vegetables, such as those used as famine foods, may still
have important roles as part of diversified landscapes and regional food systems for strengthening
food security, resilience, and nutrition through all seasons and climate conditions.

Trees and shrubs that provide vegetable uses were noted in the review to have received lower
attention from research and conservation compared to annual crops. These species may be highly
relevant, however, for enhancing availability of nutritious foods while supporting climate change
adaptation and mitigation [125,126]. Agroforestry has strong capacity for carbon sequestration and
can also stabilize production in wetter and drier years thanks to the positive effects of trees on
water infiltration and retention, their deep roots, and provision of alternative sources of food and
income [125,127]. Agroforestry moreover provides a number of other ecosystem services, such as
windbreaks, shade, structural support, fodder, and improvement of soil fertility, that reinforce farm
system sustainability [128–130]. Integrating more trees into agricultural landscapes is being promoted
as a climate change adaptation strategy and we note that trees and shrubs with vegetable uses could be
a great fit within these approaches, while deserving greater research attention to define best practices.
Previous reviews of cultivated vegetables have excluded trees and woody shrubs [70,71]. By including
the woody species in this study, we propose an expanded perception of vegetables, while recognizing
the potentially critical role that vegetable-providing trees and shrubs could have in climate resilient
and nutrition-sensitive agroforestry systems.

This study highlights the large diversity of vegetable species that exist worldwide but it should
be acknowledged that the diversity of vegetables is even greater than captured in this review.
The intraspecific diversity of cultivated vegetables and the plethora of wild collected vegetables
have been excluded for limitations of time and the difficulty of accessing this information. Algae
and mushrooms were also excluded from the review, which include a large number of species with
vegetable uses. The excluded vegetable diversity also has strategic roles for supporting more nutritious
and sustainable food and farm systems and should not be overlooked. Some vegetable species have a
tremendous intraspecific diversity, such as Brassica oleracea L. which includes important and distinct
varieties such as cabbages, broccoli, cauliflower, kales, kohlrabi, collard greens, and Brussels sprouts.
Different varieties can present unique tastes and features that are of tremendous cultural and culinary
value and of increasing interest for marketing and improving nutrition [131,132]. Wild vegetables are
also an integral and diverse component of traditional agricultural systems that continue to form a
significant proportion of the global food basket [133–137]. Many wild vegetables have higher mineral
and vitamin contents than cultivated vegetables [134,138,139]. In addition to these conscious exclusions
from the database, it is also possible that some cultivated vegetable species have unintentionally been
excluded. The species list in the Mansfeld Encyclopedia is comprehensive but it is also an evolving
resource that has expanded considerably in its coverage since the first and second editions as a result
of dedicated research attention and because new species have been coming into cultivation through
innovations in previous decades [66].

5. Conclusions

Despite some gaps and limitations, this review has provided a good reflection of the diversity of
cultivated vegetable species worldwide and trends for their research, conservation, and documentation.
The study revealed that vegetables from Africa and the Asia-Pacific region have received less
attention from research, conservation and production statistics as compared to vegetables from
other regions, which is a gap that could be closed to leverage the role of traditional vegetables
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in more nutrition-sensitive agriculture in these regions. Vegetables with growth forms other than
therophytes (annual plants), including many trees and shrubs with edible leaves, are largely neglected
by research and conservation but merit attention to leverage their roles in agroforestry systems which
can enable more sustainable vegetable production under climate change. Creating an enabling policy
environment is ultimately critical for mainstreaming the use of a wider diversity of vegetables in
research and development programs. Supportive policies are needed to advance research, ex situ
conservation, and documentation of these species. Given the high reliance of most cultivated vegetables
on in situ/on farm conservation, improving formal and informal seed systems and dissemination
of relevant information to farmers (especially on cultivation requirements, resilience and nutritional
benefits), strengthening the role of custodian farmers and community seed banks, increasing consumer
awareness, and upgrading local value chains to encourage production are critical actions to ensure
continued use and maintenance of these resources into the future. While not all 1097 cultivated
vegetable species included in this study may have potential for more widespread or intensive
promotion, many could have more important roles in nutrition-sensitive local production and food
systems with greater attention to study, document, conserve, and promote their roles.
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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.

103



Agriculture 2018, 8, 128

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.

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).

 

Figure 2. A typical flower head of the “Lucera artichoke”.
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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.

 

Figure 3. Example of accessions seeds recovered from farmers or simple enthusiasts during the WP2
activity (Photo credit: Beniamino Leoni).

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.

  

Figure 4. Catalog fields of Brassicaeae (left) and different local varieties of Solanum lycopersicum L.
(right) within “La Noria” experimental farm of the National Research Council, Bari, Italy.

  

Figure 5. Example of accessions seeds (left) recovered to be preserved at the seed bank (right) of the
Institute of Biosciences and Bioresources of the Italian National Research Council in Bari, Italy (Photo
credit: Beniamino Leoni).

 

Figure 6. Shoots of Ipomoea batatas L. after 12 months of in vitro slow-growing (Photo credit: Claudia
Ruta—from https://biodiversitapuglia.it).
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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).

 

Figure 7. Offshoots (so-called cardoni or carducci) of a globe artichoke landrace.

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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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
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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].

 

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.
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Figure 12. Examples of data sheets realized by using UPOV descriptors for a local variety of
Apium graveolens L.
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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).

 

Figure 13. An example of old farmer (Raffaele Cristoforo) who acts as a seed saver of the “Verza
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.

 

Figure 14. Polignano carrots ready for market: it is interesting to note the great variety of the root colors.

116



Agriculture 2018, 8, 128

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.

Figure 15. Seeds of Polignano carrot with indication of size (Photo credit: Beniamino Leoni).
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Figure 16. Seedlings of Polignano carrot obtained by micropropagation (Photo credit: Claudia
Ruta—from https://biodiversitapuglia.it).

 

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].

118



Agriculture 2018, 8, 128

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].

 

Figure 18. A local old seed savers (Oronzo Giuliacci) of the Polignano carrot.
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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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Abstract: In Germany, the wild ancestor (Apium graveolens L. ssp. graveolens) of celery and celeriac is
threatened by genetic erosion. Seventy-eight potentially suitable genetic reserve sites representing
differing ecogeographic units were assessed with regard to the conservation status of the populations.
At 27 of the 78 sites, 30 individual plants were sampled and genetically analyzed with 16 polymorphic
microsatellite makers. The Discriminant Analysis of Principal Components (DAPC) was applied to
identify clusters of genetically similar individuals. In most cases (25 out of 27 occurrences) individuals
clustered into groups according to their sampling site. Next to three clearly separated occurrences
(AgG, AgUW, AgFEH) two large groups of inland and Baltic Sea coast occurrences, respectively, were
recognized. Occurrences from the coastal part of the distribution area were interspersed into the
group of inland occurrences and vice versa. The genetic distribution pattern is therefore complex.
The complementary compositional genetic differentiation Δj was calculated to identify the Most
Appropriate Wild Populations (MAWP) for the establishment of genetic reserves. Altogether 15 sites
are recommended to form a genetic reserve network. This organisational structure appears suitable
for promoting the in situ conservation of intraspecific genetic diversity and the species’ adaptability.
As seed samples of each MAWP will be stored in a genebank, the network would likewise contribute
to the long-term ex situ conservation of genetic resources for plant breeding.

Keywords: Apium graveolens; genetic resources; crop wild relative; in situ conservation; microsatellite
marker; genetic distance; genetic differentiation; genetic reserve

1. Introduction

Celery (Apium graveolens L. var. dulce) and celeriac (Apium graveolens L. var. rapaceum) have
significant global economic importance. The total production value of celery amounted 458 million
US$ in the USA in the year 2013 [1]. In the European Union (EU-28) celery/celeriac was grown on
an average of 8125 ha within the period from 2011–2016 [2]. Due to cultural preferences, different
crop types are grown and consumed. A. graveolens var. rapaceum forms aromatic tubers which can be
stored as a winter vegetable and which is grown in the colder regions of Central and Eastern Europe.
Consumers in Western Europe, the Mediterranean region, India, China, and the USA prefer the petiole
celery (var. dulce). A further variety (var. secalinum) is used as a spice. Processed dried leaves or seeds
are an important component of condiments [3,4].

All modern celery varieties have been derived from only two forms (‘White Plume’ and ‘Giant
Pascal’) [5]. According to Melchinger and Lübberstedt [6] and Domblides et al. (cit. in [7]) the genetic
base of celery breeding is small and may therefore impede further breeding progress. Wang et al. [8]
developed sequence related amplified polymorphism (SRAP) markers and used them along with
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microsatellite markers (SSR) published by Acquadro et al. [9] to investigate the genetic differences
between European and Chinese celery varieties (var. dulce). They detected a unique genetic signature
within the Chinese germplasm [8]. Using transcriptome sequences Fu et al. [10,11] developed a large
set of EST-SSR to study genetic diversity within the cultivated species.

European genebanks conserve 830 accessions of cultivated Apium germplasm [12]. A large number
of ex situ accessions but also a limited number of landraces maintained by farmers in traditional seed
supply systems [7] is available for base-broadening. Spoor and Simmonds discern between two
base-broadening efforts: the incorporation approach aims at increasing the genetic variability of the
genetic background while the introgression approach involves the transfer of specific genes from a
donor into the breeding material by crossing and backcrossing [13].

Introgression programmes commonly target distinct quality and resistance traits. Because celery
consumption can provoke severe allergic reactions, foods and condiments containing celery must
be clearly marked as such. Non-specific lipid transfer proteins (nsLTP) designated Api g 1 [14],
Api g 2 [15] and Api g 6 [16] trigger the allergic reaction. The development of celery varieties which do
not cause allergic reaction would be an important objective of quality breeding. However, non-allergic
variants of cultivated forms or wild species have not yet been discovered.

As for most crops, breeding of pest- and disease-resistant celery varieties is an important aim
for two reasons. Global trade and climate change promote the spread of new pests and diseases.
Additionally, at the same time the acceptance for chemical plant protection is decreasing. Therefore,
breeding of resistant varieties becomes increasingly important. Ochoa and Quiros used A. panul
Reiche and A. chilense Hook. and Arn. to improve the resistance of the crop to the leaf spot disease
(Septoria apicola Speg. f.s. apii) [17]. A. prostratum Labill. ex Vent is resistant to Spodoptera exigua Hübner,
the beet army worm the larvae of which damage the leaves [18]. Helosciadium nodiflorum (L.) W. D. J.
Koch (Syn. A. nodiflorum L.) is characterized by a resistance inhibiting the development of the leaf
miner Lyriomiza trifolii Burgess beyond the larvae stage [19,20].

For A. graveolens ssp. graveolens (2n = 22) [21], the close wild relative of celery/celeriac, information
on traits of interest to breeders is not available. European genebanks conserve only 51 accessions of this
species (sample status wild) of which 59% were collected and are conserved in Portugal. The remaining
41% of the European holding is shared by genebanks in Azerbaijan, Czech Republic, Germany, Israel,
Spain and the United Kingdom [12].

The species is native to most of Europe, North Africa, Siberia and the Caucasus and has been
reported by a total of 56 countries to be located in these regions [22]. Obviously, the current holding
does not at all cover the full range of ecogeographic variation of the distribution area. Further collecting
of wild A. graveolens is required to capture a representative sample of genetic diversity of the species.
A start was made in Germany in the context of a project aiming at the establishment of genetic reserves
for four native wild celery species, namely A. graveolens L. ssp. graveolens, Helosciadium repens (Jacq.)
W. D. J. Koch (Syn. A. repens (Jacq.) Lag.), H. nodiflorum (Syn. A. nodiflorum L.) and H. inundatum (L.)
W. D. J. Koch (Syn. A. inundatum (L.) Rchb.f.) [23].

A. graveolens ssp. graveolens mainly occurs in northern and central Germany. In the northern part
A. graveolens can be found in the hinterland of the coast on salt meadows and saline pasture land as well as
in brackish water stands of Phragmites australis [24,25]. In the central part the species grows around
natural salt water springs, along saline creeks or on wet sites at the foot of salty spoil heaps [26–28].

The ultimate goal of the project consists in the establishment of a network of persons and
institutions managing a set of genetic reserve sites in Germany. A European group of researchers is
pursuing similar interests within the framework of the Farmer’s Pride project [29]. We expect that the
national and European activity will contribute to the development of an integrated European crop
wild relative conservation strategy as outlined in the concept paper by Maxted et al. [30].

A genetic reserve is defined as “The location, management and monitoring of genetic diversity
in natural populations within defined areas designated for long-term active conservation” [31].
It is a conservation procedure combining the dynamic conservation of a population in the habitat
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(in situ) with the static preservation of a sample taken from the population in a genebank (ex situ).
According to the proposed quality standards for genetic reserves, Most Appropriate (crop) Wild (relative)
Populations (MAWP) [30] have to be identified through a rigorous scientific process which includes
the genetic characterization of populations of the target taxon [32]. The genetic analysis is required
to determine those populations representing altogether the genetic diversity of the target taxon best.
Populations need to fulfil additional quality criteria in order to be proposed as MAWP. The population
should exist at the location for at least ten years (native or introduced), contain specific traits of interest,
be managed according to the minimum quality standards for genetic reserve conservation proposed by
Iriondo et al. [32] and nominated as MAWP by a responsible national agency [30].

Kell et al. suggested a stepwise procedure to identify suitable genetic reserve sites [33]. The stepwise
decision-making process ends with the designation of genetic reserve sites for a set of MAWPs and the
creation of MAWP accessions for ex situ conservation and use. The objectives of our study were (i) to
analyze the genetic structures within a collection of A. graveolens ssp. graveolens, (ii) to identify MAWPs
based on the representativity or uniqueness of the genetic composition of occurrences and (iii) to locate
sites within the German distribution area suited for the establishment of genetic reserves.

Generally, species are subdivided into plant groups more or less strongly connected by gene flow.
Declining gene flow with increasing spatial distance between occurrences combined with adaptation
to specific local environmental conditions can result in genetic differentiation between occurrences.
In addition, genetic drift caused by local extinction and re-establishment of occurrences shapes their
genetic composition [34]. Molecular genetic tools have been extensively used to study patterns of
genetic diversity in many species [35]. The development of molecular markers for celery started in
1984 [36]. Huestis et al. [37] developed 21 RFLP markers and mapped them to eight linkage groups.
Until recently, the development of a greater number of genetic markers for a crop of limited global
economic importance based on whole-genome sequences seemed infeasible due to the large genome
size of 3 × 109 bp [10]. This assumption was outdated quickly. Rapid technological progress allowed
sequencing the whole genome of ‘Q2-JN11’ celery, a highly inbred line of ‘Jinnan Shiqin’. The online
database of the whole-genome sequences, CeleryDB, was constructed and the sequence information
made available to the research community [38]. Sequences of unigenes described by Li et al. [39] are
available in the celery database and can serve as a reference base to identify trait-associated single
nucleotide polymorphism and additional SSR markers. The technological advancements allowed
the authors of Reference [10] to analyze a large set of transcriptome sequences and to develop a set
of EST-SSRs for breeding research and population genetics. The latter deals with the analysis of the
distribution of genetic variation within and between populations.

Our study was initiated to support in situ conservation actions. To this end we determined the
structures of genetic diversity within the sampled material as well as the differences in trait distribution
between occurrences. The latter measurement of genetic variation is termed compositional differentiation
and is of particular relevance because it allows the identification of MAWP candidates [40,41].

2. Results

In Germany, A. graveolens is mainly distributed in the coastal region of the Baltic Sea and in
the centre of Germany where the species occurs in haline marshlands. The genetic differences
between 27 occurrences sampled in the distribution area (Table 1) were analyzed with 16 SSR
markers to identify candidate MAWPs and sites suited for the establishment of genetic reserves.
The descriptive marker parameters are presented in Table 2. The number of distinct alleles ranges
between 4 (marker Fn09) and 18 (marker ECMS6, QC43), and the polymorphic information content
(PIC) ranges between 0.042 (marker Fn100) and 0.803 (marker ECMS39). Mostly, high PIC values
indicate appropriateness of respective markers for genetic analyses. The observed heterozygosity
(Ho) ranges between 0.005 (Fn100) and 0.963 (QC75) and the expected (He) heterozygosity between
0.042 (Fn100) and 0.826 (ECMS39).
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Table 2. The marker name, the total number of analyzed plants, the number of distinct alleles,
the polymorphic information content (PIC), observed (Ho) and expected heterozygosity (He)
is presented.

Locus
Number of
Individuals

Number of
Alleles

Polymorphic Information
Content (PIC)

Observed
Heterozygosity (Ho)

Expected
Heterozygosity (He)

ECMS01 (1) 790 7 0.733 0.291 0.769
ECMS11 790 9 0.774 0.523 0.801
ECMS13 790 8 0.193 0.066 0.203
ECMS02 790 8 0.434 0.128 0.502
ECMS23 790 8 0.384 0.168 0.442
ECMS39 790 13 0.803 0.167 0.826
ECMS06 790 18 0.774 0.205 0.799
ECMS09 790 8 0.457 0.101 0.556
Fn09 (2) 790 4 0.109 0.057 0.112
Fn100 790 6 0.042 0.005 0.042
Fn62 790 8 0.163 0.010 0.169

QC28 (3) 790 6 0.734 0.115 0.772
QC43 790 18 0.641 0.075 0.667
QC53 790 5 0.286 0.044 0.310
QC75 790 7 0.432 0.963 0.538
QC86 790 5 0.364 0.099 0.399

Detailed marker information was published for the (1) ECMS, (2) Fn series and for the (3) QC series by
References [9–11].

The Hardy–Weinberg principle (HWP) provides the theoretical framework within which genetic
variation has been analyzed by many research groups dealing with similar subjects. Therefore,
the Chi2-test was performed for each of the 432 combinations (27 occurrences × 16 markers) to
test if the HWP holds for each of the combinations. 143 combinations were invariable. Out of the
remaining combinations, 208 deviated significantly from HWP and only 81 combinations (about 19%)
were in Hardy–Weinberg equilibrium (detailed results not presented here). Since a high number
of combinations deviated from HWP, the genetic distance and genetic differentiation among the
27 occurrences was analyzed using the measure of Δ [43] and the software DifferInt [41].

Within the whole data set (790 individuals × 16 markers), 125 distinct alleles (excluding
null alleles), 156 distinct single-locus types and 637 distinct multi-locus types were identified.
Within occurrences, specific multi-locus genotypes were found to be duplicated between 2 and 18 times
indicating self-fertilisation or preferential pairing within half- or full-sib families. The degree of
inbreeding within an occurrence can be assessed by calculating the FIS-index which is a measure of
within population deficit of heterozygotes [44]. FIS ranged between −0.167 (occurrence AgG) and
0.558 (occurrence AgFRI) whereby a negative value indicates excess of heterozygotes and a positive
value an excess of homozygotes within the occurrence. Five of the 27 occurrences show an excess of
heterozygotes while 22 are characterized by an excess of homozygotes (Table 3).

Table 3. FIS-values calculated over 16 markers for each of the 27 occurrences. The LabID is presented
in bold letter type.

LabID AgBBG AgBEN AgBW AgDA AgDZ AgEICH AgFEH

FIS 0.043 −0.145 0.151 0.43 0.436 0.377 −0.016

LabID AgFRI AgG AgGOE AgHEC AgHES AgHEU AgHI

FIS 0.558 −0.167 0.363 0.231 0.441 −0.006 0.099

LabID AgHID AgJX AgKREM AgOEH AgROS AgSEHL AgSK

FIS 0.39 0.174 0.338 0.444 0.265 0.508 0.054

LabID AgSL AgSUE AgUW AgWA AgWU AgZIE

FIS 0.137 0.353 0.348 −0.08 0.49 0.14
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A Discriminant Analysis of Principal Components (DAPC) [45] was performed to determine
the genetic structures within the sampled material (Figure 1). Genetic data from 757 of the
790 A. graveolens individuals that had been analyzed with 16 SSR markers were used for the
calculation. These individuals correspond to 27 occurrences sampled in Germany (Figure 2).
Thirty-three individuals having a null allele at any of the marker loci were excluded (see chapter
Material and Methods). The DAPC revealed a much clearer separation of populations (Figure 1) than a
single principle component analysis performed with DARwin [46] (data not shown). The first two axes
plotted account for 46% of the observed variance. Individuals form interpretable clusters. They are
arranged in two major groups and three offside occurrences AgG, AgUW and AgFEH corresponding to
Baltic Sea coastal habitats. One major group is comprised of mainly coastal occurrences (AgWU, AgDA,
AgHEU, AgHID, AgOEH and AgDZ) and appears more condensed (Figure 1, left part). This group
also includes inland occurrences (AgSL, AgFRI, AgZIE, AGROS, AgBEN). The other major group of
occurrences exhibits a greater range and harbours mainly inland occurrences (Figure 1, right part)
(AgJX, AgHES, AgSK, AgBBG, AgSUE, AgHEC, AgBW, and AgWA). The coastal occurrence AgEICH,
AgKREM and AgSEHL are interspersed in the second major group in the lower right part of the scatter
plot. The genetic structure revealed by DAPC analysis is therefore only partly in accordance with the
geographic origin of the samples. The correlation between genetic clustering and the geographic origin
of individual plants was further investigated by the K-means ex nihilo clustering method. Based solely
on the genetic data the clusters identified correspond to the individual occurrences except for only
one cluster harbouring individuals from neighbouring inland occurrences AgHEC and AgSUE and
another one with coastal occurrences AgFEH and AgHID (data not shown).

 

Figure 1. The scatter plot of the Discriminant Analysis of Principal Components (DAPC) shows
the genetic structure within the collection of 27 occurrences of A. graveolens ssp. graveolens.

Colors refer to the ecogeographic unit where the occurrence was sampled.   = Weser-Aller-Flachland,

 = Nordmecklenburgisches Flachland,   = Schleswig-Holsteinisches Hügelland,    = Osthessisches

Bergland,   = Mecklenburgisch-Vorpommersches Küstengebiet,   = Mecklenburgische Seenplatte,

   = Mittelbrandenburgische Platten und Niederungen,   = Gäuplatten im Neckar- und Tauberland,

  = Weser-Leinebergland,  = Mitteldeutsches Schwarzerdegebiet,   = Elbtalniederung,   = Nördliches

Harzvorland,    = Westfälische Tieflandsbucht,    = Thüringer Becken und Randplatten.
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Figure 2. Map showing the locations of the 27 occurrences. A black triangle marks the 15 Most
Appropriate Wild Populations (MAWP) while a black dot marks the remaining 12 occurrences.
The location names are given in Table 1.

The application of the genetic reserve conservation technique requires the choice of populations
on the basis of the genetic representativity or uniqueness in relation to all analyzed populations [41].
In seed propagated species, under natural conditions, the parent population passes genes or gene
complexes with their specific alleles to the next generation. Therefore, the recommendation of
populations for conservation of a seed propagated species has to be based on the analyses of
compositional genetic differentiation (Δj) at the gene pool level. Next to Δj, quality criteria for genetic
reserves suggested by Iriondo et al. [32] were applied to identify MAWP (Table 1).

The measure Δj, marked in the snail diagram by the radius length of a sector, was calculated
to assess the contribution of each occurrence to genetic differentiation. The result is summarized in
Figure 3. The mean genetic differentiation ΔSD is the average of the 27 radii and is marked by the circle
in the diagram. The mean complementary genetic differentiation is ΔSD = 0.3688. AgHEC (Δj = 0.2513)
represents the genetic composition of the pooled remaining 26 occurrences best while the genetic
composition of AgWA (Δj = 0.4776) deviates from its complement most. The Δj values of the other
25 occurrences decreases in small steps clockwise from AgG to AgROS. The difference between the
Δj-values of two occurrences depicted next to each other in clockwise sense is never larger than 0.034,
i.e., less than 3.4% of the maximal possible sector radius length, and for most of the occurrences
(20 out of 27) smaller than 1%. This means that neighbouring occurrences differ only slightly in their
contribution to genetic differentiation.

The genetic reserve conservation technique includes by definition the active management of
a MAWP. Knowledge of the reproductive system of the species is required to understand how
site management interventions influence the genetic composition and the development of genetic
diversity of a population at a specific site over time. Information on genetic bottlenecks caused by
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extinction and re-colonization events in the past can likewise improve the operation of genetic reserves.
Site-specific selection pressure can change the distribution of alleles over populations within the species
gene pool. The effect of selection and other forces influencing the genetic composition of populations
show up as differences in the genetic composition among populations and are expressed as deviation
from the HWP. The possible causes for deviations from the HWP can be investigated by permutation
analyses [41].

Figure 3. Snail diagram showing the differentiation between 27 occurrences of A. graveolens at the
gene pool level. A sector represents one of the occurrences. The side length of a sector quantifies the
contribution of each occurrence to differentiation. The grey circle marks the mean differentiation and
the average of all 27 radii length. Colors refer to the ecogeographic unit where the occurrence was
sampled. Identical colors were used in Figure 1.

In the first permutation analysis, all alleles at each locus were permuted among the individuals
within populations. The permutation test was performed to investigate the influence of the
reproductive system on the distribution of alleles within A. graveolens populations. In an ideal
panmictic population alleles associate at single loci (homologous association) independent of the allelic
type (fragment length). The observed mean differentiation increased from the gene pool (ΔSD = 0.3688),
and mean single-locus (ΔSD = 0.3771, p = 0.0) to the multi-locus level (ΔSD = 0.4001, p = 0.0) of genetic
integration (Table 4). The ΔSD-value observed at the mean single-locus level of genetic integration
is outside the range of the 95% confidence interval as is the ΔSD-value observed at the multi-locus
level, i.e., the observed values are not part of the majority of the ΔSD-values calculated from data
sets generated by 10,000 random permutations. At the mean single-locus, and multi-locus level the
observed ΔSD-value is smaller than 95% of all the ΔSD-values generated by permutations. The mean
differentiation at higher levels of genetic integration is less than could be expected from random gene
association. The hypothesis that linkage equilibrium or HWE exists and that gene associations are
created within populations independently of the allelic type at each locus is to be rejected [41].

The presence of a specific genotype within a population can either be incidental, the effect of
selection within a population or the result of migration between populations. In the second permutation
analysis all individual genotypes with their genetic types were randomly permuted among the
occurrences. The hypothesis that forces that assign individuals to populations do this independently
of their genetic types at a given level of genetic integration was tested. At all integration levels the
observed ΔSD-value was significantly higher than those resulting from 10,000 random permutations,
i.e., the differentiation among occurrences was higher than could be expected from random association
of genotypes to occurrences. In other words, individual genotypes are not randomly distributed across
the 27 occurrences. If we define the 27 occurrences as subpopulations of meta-population, it can be
concluded that a significant genetic differentiation between subpopulations exists. As the occurrences
were sampled at large geographic distances (see Figure 2) this finding can rather be explained by a
site-specific genotypic selection and adaptational differentiation than by migration.
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3. Discussion

Microsatellite markers have been widely applied to study patterns of genetic diversity of a species
and to select and recommend populations for conservation purposes [47,48]. We succeeded to identify
16 polymorphic microsatellite markers. This marker set was used to characterize the genetic diversity
of 27 A. graveolens ssp. graveolens occurrences. In the present study, the genetic distance measure Δ
was used to quantify the contribution of each of the 27 occurrences to differentiation. The occurrence
AgHEC proved to be most suitable to represent the genetic diversity of the remaining 26 occurrences
and was identified as MAWP. The genetic composition of AgWA differed most from its complement.
This specific diversity pattern can be interpreted as site-specific adaptation which makes AgWA a
candidate for gene conservation measures. For several reasons, further 13 occurrences were selected as
candidate MAWP. Microsatellite markers are very well-suited to assess the impact of selection and
other evolutionary forces on the structure of genetic diversity of a species. However, they do not
detect adaptive trait variation. In order to increase the chance of capturing adaptive trait variation,
occurrences from each of the ecogeographic units were chosen. If several occurrences originated
from the same ecogeographic unit, the one with the largest population size was nominated as MAWP.
Preference was also given to sites already managed by local conservation agencies (see Table 1, LabID in
bold letter type and Figure 2, black triangles). However, the nomination of 15 occurrences by no means
devalues the remaining 12 occurrences. According to the definition of a genetic reserve, the population
will actively be managed to maintain or, if necessary, improve the status of the target population.
Active management requires financial resources which are always limited. The nomination of a limited
number of MAWP is a pragmatic approach and helps spending financial resources efficiently. If, for
whatever reason, a genetic reserve gets lost, it can be replaced by one of the occurrences with a similar
Δj-value. This pragmatic approach is feasible as the differences between the Δj-values of occurrences
ordered on the snail diagram next to each other is often less than 1% (Figure 3).

The mean genetic differentiation within the set of 27 occurrences is lower than ΔSD = 0.5 (ΔSD = 0
signifies no differentiation, ΔSD = 1 signifies complete differentiation) at all levels of genetic integration
(gene pool level: ΔSD = 0.3688, mean single-locus level: ΔSD = 0.377, multi-locus level: ΔSD = 0.4001)
although plants were sampled over a north-south distance of 680 km between the location Hiddensee
and the location Ubstadt-Weiher near Karlsruhe. The reason for the lower genetic differentiation in
A. graveolens ssp. graveolens as compared to Helosciadium nodiflorum, a wild celery species sampled
in a much smaller distribution area [49], is unknown. Future investigations of the long-distance
distribution mechanisms may help explaining this observation.

A. graveolens ssp. graveolens occurs wild as a halophilous marsh plant along sea coasts which likely
is the primary distributions area. With the development of farm land at the expense of forest land
over the past 1400 years [50] a secondary distribution area, the inland salt marshes, evolved. It can
be assumed that the species migrated from the primary distribution area and colonized inland salt
marshes in Germany. Inland saline and wet biotopes either developed naturally around salty springs
(occurrence AgSUE) or result from salt mining activities (AgWA) where the species can be found at
wet places close to soil heaps left over from potassium mining. These sites are like geographically
isolated islands.

The DAPC analysis showed two major groups of occurrences: a costal and an inland group.
The coastal group contains occurrences from inland sites and vice versa (Figure 1). For the time being
this pattern is difficult to explain. The role of past colonization events, as well as factors shaping genetic
diversity of A. graveolens ssp. graveolens today (migration, site specific selection pressure leading to
adaptational differentiation, demographic fluctuations as a result of site-specific management actions)
is not yet understood and deserves future research.

In two cases genetic signatures of migration between occurrences might exist. The K-means ex
nihilo clustering method sorted almost all individuals of AgSUE and AgHEC into a single cluster.
The plants were sampled at about 20 km distance in a landscape named Sülzetal (“Sülze” means salty
water, “Tal” means valley) which makes exchange of seeds carried by animals between both sites

133



Agriculture 2018, 8, 129

more likely. The distance between occurrences AgFEH and AgHID growing on the Baltic Sea islands
Fehmarn and Hiddensee, respectively, is 140 km (Figure 2). Both islands are important resting places
in the autumn and spring for migrating birds. The allocation of 15 AgHID individuals to the AgFEH
cluster could be interpreted as genetic signature of long-range seed transportation by birds. However,
as long as no information on seed dispersal mechanisms in wild celery is available, this assumption
remains a working hypothesis.

Some sites are not managed (e.g., AgWA) while others are grazed extensively (AgSUE) or mowed
in late summer to maintain or improve the conservation status of the occurrence. If such management
interventions happen only sporadically, the populations will undergo strong demographic changes
from one generation to the next. We interpret the excess of homozygotes and heterozygotes,
respectively (Table 3), as the genetic signature of an unstable demographic development of the
occurrences resulting in the foundation of smaller groups of full or half-sib plants scattered over the site.
A. graveolens ssp. graveolens is a self-compatible, insect pollinated species [51] and preferential pairing
between closely related plants is therefore possible. Out of the 27 analyzed occurrences, 22 showed
excess of homozygotes. As indicated by the permutation analysis, gene associations are created within
occurrences dependent of the allelic type at each locus (Table 4, upper part). Self-pollination or mating
between closely related individuals is therefore a likely explanation of this finding.

Iriondo et al. proposed quality standards to support practitioners involved in the design and
management of genetic reserve. The population size is an important quality and selection criterion and
should be large enough to sustain the long-term population viability [32]. Estimates of the demographic
and genetic minimum viable population (MVP) for A. graveolens ssp. graveolens could not be found
in the literature. However, animal genetic resources experts dealt with a similar problem already.
Animal breeds are classified into four categories depending on their current effective population
size whereby populations with an effective population size of Ne > 1000 individuals are considered
not threatened. If Ne is within the range of 200 to 1000 individuals, populations are monitored
and if the number of adult males sinks below 100 individuals, genetic conservation actions are
initiated [52]. This approach can be transferred to plant genetic resources management programmes
as it was derived from calculations of the increase of inbreeding depending on the allele frequency
and the number of generations of random mating within populations of a given Ne and holds for any
species. In order to meet the quality standards and as a first pragmatic recommendation for genetic
reserve managers, the Ne of an A. graveolens ssp. graveolens population should not drop below a size
of 1000 flowering individuals in a genetic reserve site. Sites like AgZIE with a population size of
several hundred individuals fall already into this category while sites like AgWA do not. At AgWA
interventions are required to enlarge the population area which will promote the spread of the
occurrence and the increase of the population size. Although an effective population size of between
200 and 1000 individuals seems too high, it is achievable if the 15 recommended sites are managed
accordingly. Future research projects could include occurrences from the whole European distribution
area as to find occurrences in partner countries which genetically complement the suggested network
of 15 sites for A. graveolens ssp. graveolens in Germany. By doing so, a European ex situ collection of
wild A. graveolens ssp. graveolens accessions can be built representing a maximum of genetic diversity
with a minimum of accessions.

Just today, when crop wild relatives are needed as sources of novel genetic variation more than
ever before [53], the loss of species continues largely unrestrained [54,55]. Anthropogenic climate
change has impact on plant species and may cause genetic erosion within species. Parmesan and
Hanley [56] reviewed five global meta-analyses from long-term observational data on wild plant
species and found that 44–65% of all investigated species show significant long-term change in
phenologies, distribution, abundance and morphology. The changes correlated significantly with local
or regional climate change patterns observed within the distribution area. To what extent climate
change will jeopardize the long-term viability of specific species depends inter alia on the ability and
speed of the species to migrate and colonize new sites [57]. In view of the relatively short period left,

134



Agriculture 2018, 8, 129

scientists call for the reinforcement of ex situ collecting activities to close gaps in genebanks and save
germplasm for future generations [58]. This approach is justified as we have apparently no choice
but to store the genetic resources of plant species in deep freezers and to reintroduce the material
when mankind has overcome the climate crisis or any other devastating event. Ex situ conservation is
one option. The better option is to develop and implement a conservation strategy which combines
ex situ preservation of germplasm in genebanks with the maintenance of populations of the species
in their natural habitat “in situ” where they have developed their specific traits [59,60]. There are
two main differences between the in situ and the ex situ conservation approach. The management
of a crop wild relative population in genetic reserves, such as the ones to be suggested for the
establishment of A. graveolens ssp. graveolens, by definition includes the maintenance of favourable
habitat conditions so that the target species can reproduce, adapt to changing growing conditions and
evolve. The genetic reserve conservation technique [31] combines the best components of the ex situ
and in situ conservation strategy and is a core element of the concept for in situ conservation of crop
wild relatives in Europe endorsed by the steering committee of the European Cooperative Programme
for Plant Genetic Resources (ECPGR) [30,61].

As compared to ex situ conservation, in situ conservation is a rather young research domain. If the
distribution ranges of species shift as predicted it obviously will have important practical consequences
for the genetic reserve management [57]. Climate change may also negatively affect A. graveolens ssp.
graveolens within the European distribution area in the next 50 years [62,63]. A forecast of possible
impacts of climate change on wild celery populations still is constrained by a shortage of high quality
distribution data which can be used for modelling [64]. Furthermore, the reaction of plant species to
climate change is more complex than thought before. Therefore, Parmesan and Hanley [56] called for
the development of coordinated experiments across networks of field sites to better understand the
response of species. The networks are not just a set of sites of plant populations but also a network of
institutions and people who can record long-term data series on changes in phenologies, distribution,
demography as well as genetic changes. Data required to forecast changes based on causal relations
between the characteristics of a species and climate factors with a given statistical probability can be
recorded by species-specific genetic reserves networks such as the one suggested for wild celery.

The flow chart (Figure 4) illustrates how the establishment of a genetic reserve network in
Germany can be organised [23]. It summarizes experiences of a model and demonstration project.
The whole process starts with the gathering of distribution data which are combined and processed
(Steps 1 and 2). The existence of the plant species at selected sites is then confirmed by experts in
the various Laender, material for genetic analysis is sampled and analyzed (Steps 3–5), the results
and recommendations are discussed with stakeholders, the genetic reserve sites planned and the
genetic reserve is finally established (Steps 6–8). Partners willing to contribute to the management
of a specific genetic reserve site sign an agreement. Finally, their contribution to the management
of a genetic reserve is acknowledged in a certificate issued by the Ministry of Food and Agriculture.
The process can be divided into an information phase (Steps 1–5) and participatory project planning
phase (Steps 6–8). Right from the beginning potential stakeholders are involved in the project planning
and implementation, and are kept informed. A structured and open-result discussion with stakeholders
is an important element of the procedure.

Next to these biological and scientific advantages of the in situ conservation approach the role
of genetic reserves in public awareness building cannot be overemphasized. Genetic reserves are
conservation projects that require the support and active collaboration of local people without which a
genetic reserve can neither be established nor maintained over a longer period. Local communities can
easily be convinced that genetic reserves contribute to food security and serve people. Genetic reserves
are therefore not only a means of maintaining the environmental conditions under which economically
important plant species can continue to evolve. The planning process is also a means for raising public
awareness regarding the relationship of climate change, nature and species conservation, breeding
progress and food security.
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Figure 4. The flow diagram illustrates the procedure of establishing species-specific genetic networks
in Germany.

4. Material and Methods

Distribution data of A. graveolens ssp. graveolens were provided by nature conservation agencies
in Germany. A list of 690 sites where the species was sighted over the past decades was compiled.
Sites located in differing ecogeographic units (as defined by Reference [42]) were tagged in the
project database in order to increase the chance of capturing a wide range of adaptive trait variation.
Among the tagged sites those with information on the population size or on social factors such as the
potential support of the genetic reserve concept by local people were chosen. Altogether 78 sites located
in nine of the 16 German Federal Laender were finally visited and assessed by contractors. The presence
of A. graveolens was confirmed for 64 sites in the year 2015. Based on the contractor’s report (plant
number higher than 30 individuals, suitability of the site as genetic reserve) and representation of the
highest possible number of differing ecogeographic units, 27 sites were chosen, and leaf samples taken
in 2016. At 24 sites up to 30 individuals were sampled as planned while only 27, 23, and 21 individuals
could be sampled at the site AgHE, AgDA, and AgSL, respectively. About half of the samples were
taken in the coastal region of the Baltic Sea and in the centre of Germany, respectively. The geographic
origin of the material and the sample codes are given in Table 1.

In this paper we denote a group of plants growing at a specific site as “occurrence” as it is not
known whether any of the occurrences (generally called subpopulation) or the ensemble of all studied
occurrences (generally called meta-population) fulfils the definition of the term population given by
Kleinschmit et al. [65]. Instead of postulating the existence of populations we preferred to use an
unbiased term which is also used by the Global Biological Information Facility (GBIF) in the sense of a
sighting or sampling of a species [66].

Genomic DNA was extracted from 5 mg dried leaf material after vigorous homogenization in a
mixer-mill disruptor with the innuPREP Plant DNA Kit (Analytik Jena AG, Jena, Germany) using lysis
solution SLS according to the manufacturer instruction. DNA amplification was carried out in a total
volume of 10 μL. The labelling of PCR products in one reaction was performed with three primers.
The PCR mix contained 25 ng template DNA, 1.5 mM MgCl2, 200 μM of each dNTP, 0.05 μM of a
sequence-specific forward primer with M13 tail at its 5′ end, 0.17 μM of a sequence-specific reverse
primer, 0.035 μM of the universal fluorescent-labelled (dye: D2, D3, D4) M13 primer and 0.5 U Taq
DNA polymerase. Therefore, a multiplexing could be performed depending on the used marker.
A touch-down PCR profile (TD 58–52 ◦C) was generally used as described by Nachtigall et al. [67].
The PCR products were separated and detected by using a capillary electrophoresis GeXP Genetic
Analysis System (GenomeLabTM, AB Sciex Germany GmbH, Darmstadt, Germany). Fragment sizes
were determined and documented in a database developed by Enders [68]. The analysis of a probe
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was once repeated in case of the absence of a fragment. If the fragment remained absent, the allele was
recorded as a null allele.

Thirty-eight published SSR markers [9–11] were screened to identify polymorphic markers. To this
end a total of 30 plants (three populations of different geographic origin × 10 individuals) were used.
Sixteen polymorphic markers were detected and used to genotype up to 30 individuals per occurrence
giving a set of 12,640 data points. The markers were derived from coding DNA-sequences and should
contain functional information [10]. Since none of 16 SSR markers have been mapped it is not known
how well linkage groups are represented. The complete set of SSR marker data is available as open
access document [69]. The SAS ProcAllele (SAS 9.4) procedure was used to calculate descriptive
genetic parameters (Table 2). For each occurrence/SSR marker combination the deviation from the
Hardy–Weinberg principle (HWP) was tested with the Chi2-test (p = 0.05) using SAS ProcAllele
and the result either indicated as HWE (in equilibrium) or HWD (in disequilibrium). The index
FIS was calculated using FSTAT 2.9.3 [44] to assess the excess of heterozygotes or homozygotes in a
given occurrence.

In order to investigate the genetic structures within the research material, a Discriminant Analysis
of Principal Components (DAPC) [45] was performed by using R version 3.5.1 [70] and the package
adegenet version 2.1.1 [71]. The DAPC applies a multivariate method that maximises between-group
and minimizes within-group components of genetic variation. A Structure [72] input file carrying
genotypic information and population assignments was converted into a genind object using the
read.structure function. A DAPC analysis was subsequently performed using the dapc function with
28 PCs explaining 89% of the total variance and 5 retained discriminant functions. The scatter.dapc
function was employed to visualize individuals and clusters. In addition, K-means clustering was
used by applying the function find.clusters to infer 27 genetic clusters from the genetic data ex nihilo
without prior population information.

The genetic distance and genetic differentiation were calculated using the measure Δ [43].
The measure Δ is free of model assumptions such as the presence of large, random mating populations
in Hardy–Weinberg equilibrium. The measure Δ ranges between 0 and 1. It can be used to calculate
the complementary compositional differentiation within a set of several populations whereby Δj is
the contribution of the jth populations to genetic differentiation. Δj is the genetic distance of the jth

population to the pooled remainder (“the complement”). ΔSD quantifies the average degree to which
all populations differ from their complements. The computer programme DifferInt [41] was used
for the statistical analysis of the data set. Only a few null alleles were detected, and 33 individuals
were excluded from the data set prior to running the computer programme DifferInt. This computer
programme is applicable to a set of co-dominant marker data without null alleles. Null alleles
can be included in the analysis, but then results must be interpreted as phenotypic differences [73].
A significant advantage of this measure is that it allows the analysis of patterns of genetic differentiation
in a set of occurrences at different levels of genetic integration, whereby the term “genetic integration”
designates the arrangement of alleles into single-locus diplotypes and genes with their specific alleles
into multi-locus genotypes [40]. The differentiation measure was obtained for three levels of genetic
integration, namely the gene pool level, i.e., all alleles at one or more loci and the single-locus genotypes,
the mean single-locus level. These two are characterized by locus and allelic state. The highest level
of genetic integration is the multi-locus level. The multi-locus genotypes (individual plants) are
characterized by the allelic states at all loci [41].

The differentiation patterns can be visualized by a differentiation snail, which is a pie-like chart.
A sector of the chart represents one of the occurrences. The radius of its sector equals the contribution
of this occurrence to differentiation. The sectors are arranged according to the radius lengths starting
with the largest radius at 12:00 h. The sector with the second largest radius is placed to the right
followed by the remaining in decreasing order depending of the individual radius length. The circle
in the differentiation snail (Figure 3) is equal to the weighted mean of the sector radii and marks
ΔSD. The ΔSD-value is also shown on the bar next to the snail graph. Occurrences representing the
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complement perfectly are characterized by Δj = 0 while occurrences sharing none of the genetic types
with the complement in common are indicated by Δj = 1 [41]. Two different kinds of occurrences are
of special interest for genetic conservation measures. The occurrence with the lowest contribution
represents the composition of its complement best while the occurrence with the highest value has a
genetic composition deviating from its complement [41,43].

The experimental data were used to derive information of the likely causes of the observed genetic
differentiation. To this end ten thousand new data sets were generated by random permutation of all
genes (alleles) at each locus among the individuals within each occurrence using DifferInt. To test the
hypothesis that forces within occurrences create gene associations in individuals at a given level of
integration do this independently of the allelic type at each locus, the genes within each population
were randomly permuted among the individuals within each occurrence. If the p-value is of the
observed differentiation is exceptionally small, i.e., smaller than p = 0.05, the hypothesis is rejected.

The term “gene association” denotes the non-random combination of alleles to genotypes at
single loci (homologous association) or the non-random combination of single-locus genotypes to
multi-locus genotypes (nonhomologous association) [41]. If alleles of a gene as well as different genes
with their alleles associate non-randomly, there is linkage disequilibrium (LD) which has similarities to
the HWD [74]. HWD exists when the frequency of homozygotes or heterozygotes within a population
is higher or lower than what would be expected if the alleles and genes associate randomly. The first
permutation test shows deviations from random distribution patterns at a specific significance level.
Significant deviations indicate LD and HWD.

In a second permutation analysis all individuals together with their multi-locus types were
randomly permuted among the populations. To test the hypothesis that forces that associate
individuals with occurrences do this independently of their genetic type at a given level of
integration the individuals were randomly permuted among the occurrences. If the p-value of the
observed differentiation is exceptionally small, i.e., smaller than p = 0.05, the hypothesis is rejected.
Deviations from random distribution patterns indicate the existence of population structures created
by migration, selection, genetic linkage, the mating system or a combination thereof.
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Abstract: This study investigated what kind of diversities of cropping patterns observed in home
gardens distributed on the eastern slopes of the Uluguru Mountains in central Tanzania, and how the
diversity come into occurred. The major focus included the differences in ecological environment
due to elevation, the impacts of the Ujamaa policy, and the characteristics of household members.
Participatory observation with a one year stay in the study village was conducted to collect
comprehensive information and to detect specific factors about formation of diversity cropping
patterns of homegardens. The features of cropping patterns of the homegardens were assessed in
an area distributed at altitudes of 650–1200 m. Many of the tree crops in this village originated
from outside regions around the period of Tanzanian independence, and their cultivation spread
throughout the village after the implementation of the Ujamaa policy. At present, village districts
with many distributed homegardens with numerous tree crops are those that were confiscated
from clans by the village government at the time of the Ujamaa policy and then redistributed
to individuals. Cultivation of trees crops was very few at altitude of 900 m or more, because of
cultivation characteristics of tree crops in this village were suitable for low altitude. In addition,
since homegardens are considered to be abandoned for one generation only, their cropping
patterns tended to easily reflect the ages and preferences of the members of the households
living on them. The cropping patterns of the homegardens differed remarkably even between
neighboring households owing to the cumulative effects of these multiple factors. Analysis using an
inductive method—considering the background against which the phenomenon becomes evident
after collecting the information from the target area in this manner—is thought to lead to an
essential understanding.

Keywords: cropping patterns; ecology; homegardens; mountain agriculture; Tanzania

1. Introduction

Homegardens have a complex and diverse cropping pattern similar to the agroforestry where
trees and herbaceous crops grow together. Homegarden agroforestry systems in the tropics are known
for their structural complexity and diversity in crop and other plant species [1]. Studies focused
on variations in the diversity of homegardens have revealed that the diversity is often not static,
but changes in response to socio-economic dynamics [1–3]. Homegardens are a time-tested local
strategy that are widely adopted and practiced in various circumstances by local communities with
limited resources [4]. Consequently, homegardens should not be interpreted as a generic agro-forestry
system with uniform diversity characteristics, but rather as involving different types of features with
respect to species diversity [1,3]. Therefore, a prerequisite for obtaining a precise understanding of the
relation between species diversity and homegarden sustainability is that a better insight is obtained
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into the different dimensions of homegarden diversity at spatial and temporal scales and at the level of
both species and functional groups “[5]”).

The current stance adopted by developing countries on agricultural development research
employs a deductive approach to provide the necessary supports based on modern agricultural
sciences, which in the phenomena such as cropping pattern are generally analyzed from the
environmental or economic viewpoint [6,7]. Agricultural technical supports that conducted in
developing countries attempt to disseminate agrarian technologies or new varieties, which were
developed based on the modern agricultural science [7]. Population in developing countries has
predicted to increase, especially, Africa’s growth rate is said to be the highest. Therefore, from the
viewpoint of food security, the devising methods, and methods appropriate for African agriculture
are indispensable. However, it appears that the modern agricultural technologies are not widely
accepted by the rural people in Africa, as they are not adapted to unique agriculture [8]. It is essential
to consider the methods of rural development or agricultural technology support to be accepted [8].
In this regard, it is vital to provide necessary support based on the actual situation of the target area.
However, at present, there is a little information to understand the essence of agriculture in rural areas
in developing countries, especially in Africa.

Cultivation of the homegardens in Africa were focused from multiple point of view such as food
condition [9], economical [10], environmental [11], and as a place to preserve diversity of crops [12].

This study aimed to provide information about a time-tested local strategy of homegardens that
is obtained from different spatial and temporal dimensions and diversity to provide information
to deepen the understanding of Africa’s homegarden. Most previous studies on homegardens in
eastern Africa have commonalities in their crops combination; most of them cultivate Musaceae crops
such as banana (Musa spp.) or Ethiopian banana (Ensete ventricosum (Welw.) Cheesman) and coffee
(Coffea arabica/robusta L.) [5,13]. Ethiopian banana and banana are cultivated as their staple food crops
and coffee is cultivated as a commercial crop in each area. Even when they mention the diversity in
cropping patterns of their homegardens, these combinations of crops are observed commonly within
an area [14–18]. However, extreme differences were observed in cropping patterns in homegardens in
Kiboguwa Vill.age located on the eastern slopes of the Uluguru Mountains in central Tanzania. In some
homegardens, many kinds of tree crops—for example, African breadfruit (Treculia Africana Decne.), coco
palm (Cocos nucifera L.), jackfruit (Artocarpus heterophyllus Lam.), cinnamon (Cinnamomum zeylanicum
J.Presl), etc.—are cultivated together. On the other hand, in another homegarden, herbaceous crops
such as maize or common bean or banana dominate. Sometimes, the types of crops which are observed
in homegardens are quite different even among adjacent homegardens.

This paper focuses on the diversity of the cropping pattern observed in the homegardens in the
target village. After clarifying how the cropping pattern is diverse, the factors behind the diversity in
cropping patterns in homegardens in the target village are comprehensively considered and described;
such factors include ecological difference due to the elevation of the mountain, the historical land
tenure policy and differences in household members, etc. The method of participatory observation
accompanied with long term stay is a powerful method as a method for collecting information unique
to the targeted area, and in this research, various information of the target area is collected based on
field work and various information tried to explain why planting is seen from multiple backgrounds
peculiar to the area.

2. Materials and Methods

2.1. Study Area

Kiboguwa Village (E: 37◦40′50–37◦42′20, S: 6◦59–7◦00′35), located in central Tanzania in the
Uluguru Mountains (Figure 1a,b), extends over approximately 55 km north to south and 30 km east to
west. The eastern slopes of the mountains where the study was conducted receive abundant rainfall;
hence, many tree crops and commercial crops such as banana are commonly cultivated in the villages
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located on these slopes [19]. The elevation of Kiboguwa Village is approximately 800 m (Figure 1b),
suggesting that it is also central regarding the elevations of villages found around the eastern slopes
(between 300 m and 1500 m). The villagers’ homes and fields are located at elevations from 600 m to
1200 m; practically all of the land, including the slopes, is used for cultivation.

 

Figure 1. Location of Kiboguwa village in the Uluguru Mountains (a); and distribution of the
43 surveyed households in Kiboguwa village (b).

Two types of land use patterns were observed in Kiboguwa village, namely cultivated lands
(primarily) and homegardens. The cultivated lands (Kumugunda, in the Luguru language) are used
for the cultivation of staple food crops, such as maize (Zea mays L.), rice (Oryza sativa L.), and cassava
(Manihot esculenta Crantz) [20]. Homegardens are called Ditzulala by the local people in Kiboguwa
village. According to the villagers, this corresponds to the word Jalala in Swahili. However, Jalala
refers only to a place where refuse from a house is discarded, whereas Ditzulala is used to refer to
a homegarden. Currently, in a Ditzulala, spice crops such as cinnamon, pepper (Piper nigrum L.),
and cardamom (Elettaria cardamomum (L.) Maton) grow together with tree crops such as African
breadfruit, coconut, and coffee densely distributed around houses, creating a thick forest landscape.
The villagers also plant herbaceous crops, including banana, maize, and common bean (Phaseolus
vulgaris L.). Another land use pattern is the cultivated lands (Kumugunda, in the Luguru language)
which are used for the cultivation of staple food crops—such as maize, rice, and cassava—which are
distributed outside the homegardens.

In the Uluguru Mountains, the present social structure is centered on the Matrilineal clans of
the Luguru people who live throughout the mountain range and greatly influence the land tenure
in the region. According to the customary land tenure system of these people, male and female
clan members have equal usufructuary rights from birth to death to cultivate the clan’s land [21].
However, individuals are not recognized as owners of the land, and they do not have the property
rights. Conversely, the ownership rights for perennial crops that last for many years, such as tree
crops, belong to the person who planted them. This scenario creates the possibility of inheritance of
the perennial crops as the property of children who are not members of the land’s clan. Therefore,
people with usufructuary rights for the land owned by their clan may differ from the owners of tree
crops planted on that land. Thus, under the original land tenure system, tree crops and other perennial
crops are recognized as difficult crops to plant on the clan’s land due to the need to first obtain the
consent of the clan members [21]. Nonetheless, at present, many tree crops that form a thick forest
landscape are noted in the homegardens from the study region, but growing tree crops—i.e., perennial

145



Agriculture 2018, 8, 141

crops—are difficult to find on clan land [22]. In the Kiboguwa village, tree crops or perennial crops
(including banana) are rare on the Kumugunda. On the other hand, the cultivation of perennial crop
and tree crops has been observed in most homegardens of the village [20].

Recent studies of the Kiboguwa village already mention the role of the homegardens in the food
security of the staple food crops [20] and the diversity of cropping patterns that was focused on the
commercial crops [23]. There were many crops of secular life in commodity crops. Spice crops such as
cinnamon and cardamom had a limited harvesting period, so they were used as a product crop to earn
extra money. On the other hand, since bananas are obtained throughout the year, they were used as a
stable income source. Bananas at the residence site were sometimes consumed boiled, but the earnings
obtained from banana sales also played an important role in complementing self-sufficient crops [20].
This was caused by the low and insufficient productivity of the two main types of cereals, maize and
rice, which were produced on the slopes outside the homegardens. Many households have been sold
bananas grown in homegardens to compensate for cereal food shortages. Therefore, as a commercial
crop, it was found that bananas play a vital role in achieving food security for the villagers [20].

According to the 2002 census, the population of Kiboguwa Village was 1402 (225,857 people in the
Morogoro Region according to the 1988 census; in 2002, it reached 263,012 people; and in 2012, 286,248
people). The annual rate of population increasing from 1988 to 2002 was 1.17%, whereas from 2002 to
2012 it reached 0.88%, indicating that the population hardly increased. Therefore, a dramatic increase
in the number of village households due to the population increase might not have occurred during
the survey period (2004 to 2007) until 2013 (Data source: http://www.nbs.go.tz/). The survey includes
seven village districts that cover the slopes of the ridge running through the center of the village at
elevations of 800 m to 1400 m as well as the valleys. The difference in elevation is the largest in the
Kiseneke village district. Between the Changa village district and the Buha River, Nbure, Ludewa,
and Mungi village districts are located on the north side. The Mungi village district occupies an
extensive range along the boundary with the tower of a neighboring village situated to the south.

2.2. Participatory Survey

A survey of participant observations accompanied by a long-term stay in the study area was
carried out. The participant observation method was employed for the data analysis in this empirical
research. This method is commonly used in anthropological studies [24]. The author lived with
the farmers at their houses to obtain first-hand information and to understand actual situations on
such factors as their lifestyle, food consumption, agricultural practices, etc. The author (Yamane)
resided in Kuboguwa village for a total of one year as follows: three months from July to October
2004; four months from June to September 2005; one month in December 2005; two months from
December 2006 to January 2007; and two months from June to July 2008. The cropping patterns of
the study area and the factors—such as the history of homegardens, geography, climate, land use
policies, and cultural behavior on the land use of this area—which were thought to affect the diversity
of cropping patterns in the homegardens were studied. In this study, we conducted questionnaire
surveys to collect quantitative data. The questionnaire was structured which corresponds to the
information on the actual condition of the target area based on the qualitative information obtained
from the participant observation. The causal relationship between the phenomena such as cropping
pattern of the homegardens and the factors influencing on it were discussed. The author revisited
the study village in December 2017, and it was confirmed that the agricultural landscape had not
changed drastically.

2.3. Measurement of Cropping Patterns

A total of 254 households were identified among the four village divisions, via images captured by
the QuickBird satellite sensor on 4 October 2005. A survey questionnaire was carried out in September
2005 among 43 randomly selected households in the four divisions of Kiboguwa village, to gather
information about the homegarden. The number of households surveyed in the village divisions was
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23 in Kiseneke, 3 in Changa, 10 in Mungi, and 10 in Ludewa. From December 2006 to January 2007,
the same survey questionnaire was applied for a total of 84 households. The village council members
in four districts were questioned regarding how they obtained the land for home gardening.

The location, size, and elevations of the homegardens were measured using a geographical
information system (GPS; eTrex Legend; Germin Ltd. (Olathe, KS, USA)) in July 2005. A total of
43 households distributed within four village districts—20 households from Kiseneke village district,
10 households from each of Mungi and Ludewa village districts, and 3 households from Changa
village district—were surveyed and the varieties of crops and the number of each crop were recorded
separately. At the same time, a schematic diagram of the homegardens for these 43 households was
developed (Figure 2). The cropping patterns were reproduced by using computer software, ArcView3.1
(ESRI, Redlands, CA, USA) to measure the exact size of the area of each crop variety. The heights of
conventional tree crops were measured using a gauge.

Figure 2. Schematic diagrams of the cropping patterns among neighboring homegardens (Ludewa).

The quantity of each crop variety was determined by using the schematic diagram that reflected
the number of individual plants for herbaceous crops and the area size covered by each tree.
The number of different plants such as maize and cassava could not be counted individually due to the
high density of plants. In this regard, the quantity of the plants grown was expressed morphologically.
The vine-like plants, such as sweet potato, were estimated by the ratios of the areas occupied by those
plants. The sizes of the planted area of the crops mentioned above were obtained using the GPS data.
The complexity of cropping patterns was expressed using Simpson’s diversity index [25] and the value
of the exponent (D = (Σsin/N) 2) of Simpson were calculated.

In one home garden, there are many cases where a nuclear family, that is, a family mainly
consisting of a couple and unmarried children live. The heads of the household of the four village
districts were interviewed to obtain personal information such as age, place of birth, marital status,
and the way in which they came to own the homegardens. In the case of the heads not knowing such
information, other family members were interviewed. Therefore, in this paper, the husband of the
nuclear family was regarded as ‘household head’. In the cases where the male head of household was
not present, the head woman of the household was the eldest female. Thus, the data were collected
covering all households distributed in the four village districts.
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2.4. Measurements of Temperature at Different Elevations

In September 2005, humidity and the temperature at elevations of 1050, 750, and 650 m in
Kiboguwa Village were measured using metrological equipment (HOBO Pro RH, Klima Tech Co., Ltd.,
Tokyo, Japan).

2.5. Collection of Historical Information of Homegarden Crops

Some of the village elders were interviewed from July to October in 2004 to gather information
such as the transition in agriculture, crop varieties, and the history of the introduction of tree crops
in particular. Interviewed people consisted of 12 clan heads, and they were between 60–80 years old.
Th elders were interviewed to confirm, to support, and to understand further detailed information of
the previous surveys.

2.6. Questionnaire Survey

From December 2006 to January 2007, the same questionnaire survey was conducted for total
84 households; 21, 23, 18, and 22 households in the village divisions of Kiseneke, Changa, Mungi,
and Ludewa, respectively. In the questionnaire of 2006 and 2007, some questions were included
to obtain information about family member of the households and methods to get cultivated land
and homegardens.

A total of 254 households were detected in the four village divisions when it was counted via the
satellite image of Quick bird, which was taken on 4 October 2005. Our sample size was 84 households.
Therefore, in this survey, approximately 33% households in four village divisions were targeted.

3. Results

3.1. Diversity of the Cropping Patterns in the Village Homegardens

The homegardens of Kiboguwa village presented extremely diverse cropping patterns.
We classified the cropping patterns using five elements: (1) homegarden area; (2) ratio of crop cultivated
area; (3) the varieties of crops planted in the cultivated area; (4) heights of the tree and herbaceous crop
varieties; and (5) the diversity index which shows the crop diversity.

The homegarden area and the ratio of cultivated area: The area of homegardens belonging to
the 43 households surveyed varied largely. The widest and narrowest homegarden areas ranged
between 1.84 and 0.15 acres respectively, with an average of 0.66 acres. However, many households
had sufficiently wide homegardens for cultivation (Table 1).

The range of the cultivated area ratios for four households (numbers 5, 18, 19, and 43) with a
cultivated area of around 0.2 acres ranged from 39.9% to 82.9%. A household (number 38) with a
homegarden smaller than the average (0.32 acre) planted crops on only 20% of its total area; in another
household (number 27) with a large homegarden of 1.4 acres, the crops occupied nearly 80% of its total
area. Thus, the ratios of cultivated area were thought to be not necessarily influenced by the size of
the homegarden area. Therefore, the cropping pattern consisted of a characteristic of the relative use
of the space of homegardens, and varied according to four factors: (i) ratio of crop cultivated area in
homegardens; (ii) the varieties of crops planted in the crop cultivated area; (iii) heights of the tree and
herbaceous crops varieties; and (iv) the diversity index. Based on those characteristics, we classified
the cropping patterns in the homegardens of the 43 households.
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First, according to the plant’s growth habit, we divided the crops planted in the homegardens
as tree crops and herbaceous crops, as shown in Table 1. Then, we evaluated the ratios of the areas
occupied by the respective crops. Next, the rates of cultivated area occupied by the crops (3a), and (3b)
in each household’s homegarden were plotted (Table 1). The ratios of (3a) and (3b) differed remarkably
depending on the household (Table 1). Moreover, we divided the cropping patterns of tree crops (3a)
into four types according to the area of the homegardens occupied by the crops: high (type-I, ≥70%),
medium (type-II, 40–69%), low (type-III, 10–39%), and very low (type-IV, <10%).

3.2. Crop Grouping Based on Their Heights

Since the heights of tree crops differ remarkably depending on the variety and individual tree
type, we divided the 23 varieties of tree crops into two groups: tall and short. The tall trees are 10 m or
above and the short trees are less than 10 m (Table 2). Since herbaceous crops do not generally differ
considerably in height by individual plant or variety, they were classified according to the average
height of each crop. Herbaceous crops with a height of 5 m or more were classified as tall herbaceous
crops (Table 3).

We report homegardens dominated by tree crops (type I and II). The ratios of the areas occupied
by the five crop groups for each household classified according to height are shown in Tables 1–3.
In cropping type I, tree crops covered 70% or more of the cultivated area within the homegarden;
many households mainly planted tall trees such as coconut and jackfruit. An exception was the
homegarden of household number 29, which primarily cultivated small trees, including clove and
cinnamon. In cropping type II, tree crops covered 40% to 69% of the cultivated area; many households
mostly cultivated tall trees, except household numbers 42 and 17, which cultivated more small trees.
Homegardens classified as type III and IV were characterized by the dominance of herbaceous crops.
Here, the households preferred more herbaceous crops than tree crops, and the heights of crops
varied (Table 1). Banana crops (a tall herbaceous crop) dominated four homegardens (household
numbers 13, 34, 2, and 12), whereas the other seven homegardens (household numbers 36, 40, 15, 11,
8, 9, and 1) presented a dominance of medium herbaceous crops such as maize, cassava, and taro.
Common bean and rice plants dominated four homegardens (household numbers 2, 9, 7, and 4).
Many households presented diversity index values higher than 0.7; others only reached values
below 0.5. Therefore, we classified the homegardens with a diversity index below 0.5 as type V.
Five households (numbers 25, 5, 6, 3, and 18) belonged to that category, with an average number of 7.4
crop species per household, remarkably smaller than the other households. In the homegardens of
this type, which were characterized by a low level of diversity, we observed a shared tendency among
households of cropping specific crops in a manner similar to a monoculture (Table 1). Household
number 25 cultivated cinnamon; household numbers 5 and 6, cassava; and household number 18,
pineapple (Ananas comosus (L.) Merr.) in the form of a monoculture.

3.3. Distribution of Households According to Cropping Patterns

The cropping pattern changes with the elevation of households. Many homegardens of type I
located at low elevations, mostly cultivated tree crops (Table 1). The relationship between elevation
and the quantity of each crop was investigated, and the results are shown in Figure 3a–d. Type IV
households located at high elevations (>850 m) hardly cultivated any tree crops, except household
number 18. Type I homegardens were located in Ludewa and Mungi village districts, whereas type
IV homegardens occurred only in the Kiseneke village district. Type II and III homegardens were
distributed at elevations within the interval between types I and IV.
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Figure 3. Relationship between altitude of homegardens and cultivated number or area occupied by
each crop in each homegarden. (a) Tall tree crops. (b) Short tree crops. (c) Herbaceous crops (number).
(d) Herbaceous crops (area).

3.4. Differences in Temperature at Each Elevation

The annual rainfall in the investigated village ranged between 1800–2000 mm [26]. On the eastern
slopes, rainfall rarely limited crop growth even at comparatively low elevations; hence, differences in
rainfall, but not in temperature, due to elevation strongly affected the variability of cultivated crops.

From September 2004 to January 2007, we registered average temperatures of 23.3, 22.2, and
21.1 ◦C at the elevations 650, 750, and 1000 m in Kiboguwa Village, respectively. At these three
elevations, the temperature increased by 1.1 ◦C with decreasing elevation with no major differences
observed across the years. Rice plant cultivation began in June and July when the lowest temperatures
are recorded. The average lowest temperatures during this period were 15.5 ◦C at 1000 m; 15.8 ◦C at
750 m; and 17.3 ◦C at 650 m. Temperatures close to 15 ◦C damage rice plants, which we observed at an
elevation of 1000 m. The average temperatures increase during the period from December to February,
with the highest daily temperature of 33.1 ◦C, which is not considered high enough to potentially
damage crops.

3.5. Characteristics of the Crops at Different Elevations

The temperature at low elevations is suitable for growing tree crops, except coffee. When we
compared satellite images obtained in 2013 (Figure 4c) with those obtained in 2005 (Figure 4b), we did
not observe any significant changes in the forest landscape at the site regarding its location, size,
or condition. Additionally, we did not observe any major changes in the uses of land outside the
homegardens. These findings suggested that, from 2005 onward, no climate changes occurred that
could impact the cropping patterns within this region, and the phenomenon described in this study
might continue to be observed even at present.
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Considering the quantity cropped for each elevation (Figure 3a,b), although some households
have nearly 70% of their cropping area occupied by cinnamon and coconut, the ratios of these cropping
areas remarkably drop when the elevation approaches 800 m. Coconut is not cultivated at elevations of
900 m and above (Figure 3a). The cultivation of cinnamon extends to elevations of 1000 m and above
(Figure 3b), but at a smaller proportion; the cropping quantity further decreases at low elevations.
The same tendency occurred for clove, coffee, breadfruit, jackfruit, and East African mahogany
(Khaya anthotheca) as shown in Figure 3a,b.

Figure 4. Effects of the Ujamaa policy on the development of forest-like landscape in the study village.
Comparison of aerial photographs obtained in 1978 (National Information purchased from Office for
Dar es Salaam) and satellite images obtained in 2005 and 2013 (purchased from Pasco Corporation;
Quick bird pan-sharpened image). The dotted boxed portion indicates the satellite images and the
aerial extent of the image shown in Figure 4.

Regarding the cultivation of herbaceous crops at different elevations, we observed the cultivation
of maize limited to homegardens located at elevations equal to or higher than 850 m (Figure 3d).
Common bean is cropped as a monoculture in sloping fields, and people from Kiboguwa often
planted it at elevations of 900 m to 1000 m. Legumes cultivated in this village are better adapted to
the environment [27]. Maize and common bean grow together in the homegardens distributed at
elevations of 800 m and above. Conversely, cassava and rice plants are cropped at an elevation belt
different from that of maize and common bean (Figure 3d). They are frequently cultivated together on
sloping fields.

Since the cultivation characteristics of maize, rice, and cassava differ remarkably depending on
the variety of each crop, the order of elevation belts in which they are cultivated also relies on the
combination of varieties selected. However, in the mountain regions where both maize and rice plants
can be cropped together, rice plants are generally cultivated at a lower elevation belt.

3.6. Variations in the Cropping Patterns of Households Distributed at Elevations of 900 m and Below

In addition to the differences in cropping patterns according to elevation, major differences
existed in homegarden cropping patterns between adjacent households distributed at low elevations
of 600–900 m. Hence, temperature differences due to elevation alone did not explain these differences.
The households from number 10 onward are located at elevations of 900 m and below (Figure 1b).
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3.7. Other Cropping Patterns

Some households such as number 34 and 35 presented a unique cropping pattern that did not
depend on elevation. Household numbers 34 and 35 are located in the Ludewa village district at low
elevations of 701 m and 658 m with homegarden areas of 0.79 and 0.37 acres, respectively. Unlike
others, household 34 is dominated by rice, with many banana trees in front of the house (Figure 3a).
Moreover, distributed within the rice fields, we observed large trees such as coconut (>20 m), clove,
and jackfruit (about 10 m). Conversely, household number 35 (Figure 3b), located 50 m to the north of
household number 34, possessed many tall tree crops (>20 m) and breadfruit trees within a small plot
that forms a forest landscape.

3.8. Historical Changes of the Homegarden Crops: Introduction and Spread of Tree Crops

The results of the interviews conducted suggested that, before the introduction of spices, they were
brought by an Arab who had settled in a town called Matombo, approximately 30 km from Kiboguwa.
However, no descriptions were found to support this. The growing of various tree crops gradually and
recently introduced in homegardens spread to create a forest landscape at low elevations in this region.

Around a century ago, practically no tree crops currently found in Kiboguwa existed. Before the
German colonial period, the only perennial crops in this region were mango and banana. The slave
trade by Arabs at Zanzibar Island under the rule of Omani occurred in both directions on the north
and south sides of the Uluguru Mountains [28], which led to the belief that Arabs brought mangoes
to this region. Even in an aerial photograph obtained in 1964, large mango trees can be found on the
sloping fields.

3.9. Effect of Ujaama on the Expansion of Tree Crops in Homegardens

We compared satellite photographs immediately after the Ujaama policy introduction (Figure 4a),
and 30 years later (Figure 4b) to see the forest landscape changes in the study area. We found that
Mungi and Changa village districts developed a forest landscape within the surveyed Kuboguwa
village. Such a forest landscape did not exist in the 1978 photograph when the forced migration began,
caused by the Ujamaa policy (Figures 4a and 5). The photograph from 1978 confirmed the growth of
tree crops around the homegardens in the settlements of Ludewa, but, with a lower number of trees
than those found at present. This suggests that, in this period, most of the forest landscape developed
in the village, present in more recent pictures, was very small and did not appear in the aerial view.
There were no tree crops, except banana, in the region until around five decades ago when the tree
crops were introduced from Zanzibar Island. Therefore, 50 years ago, the landscape of homegardens
differed completely from that indicated at present.

Figure 5 shows plots of the households in the four village districts and how they obtained their
homegardens. The results reveal households which were forced to migrate, received their homegarden
parcel from the village government, and continue to live on that land at present. Even within the same
village, forced migration through the Ujamma policy affected some districts. Some of the migrated
people stayed in the lower part, and some of them returned to their original lands in the upper part.
Although some villagers were forced to relocate to the lower part of the district, they kept their original
property in the upper part of the Kiseneke district. Consequently, the Ujamaa policy hardly affected
the Kiseneke village district (Figure 5). Conversely, in the other three districts—Ludewa, Mungi, and
Changa—many people who lived along the ridge running through the center of the village were forced
to migrate to locations with no previous settlement and continued to live in these places. Therefore,
these village districts became places with a better-developed forest landscape and the Ujamaa policy
played a vital role in this regard.
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Figure 5. Distributions of 258 households in the four village districts shown using different symbols
according to the methods of how the lands were obtained. The symbol ( ) indicates the households
which were forced to migrate, received their homegarden plot from the village government, and
continue to live on that land. Quick bird image (2005).

3.10. Effects of the Ujamaa Policy on the Land Outside the Homegardens

According to the survey results of 80 households in 2007, 37 of 80 households (46.3%) obtained
their homegarden land through inheritance, either paternal or maternal. The next most frequent source
was distribution from the government (32 households, 40.0%). The Socialist policy was implemented
in Tanzania from the 1960s to the first half of the 1970s. As part of that policy, in the construction
and promotion of Ujjama village, people living in a dispersed way increased agricultural productivity
(Hyden, 1980). From 1971 onwards, a semi-compulsive migration strategy (Operation Vijijini) was
initiated nationwide. In Kibogwa village, in 1974, the land of a specific clan (exactly Lineage) was
confiscated by the Tanzanian government and the residence was redistributed including households
not belonging to the clan. In 2007, 32 households, about 40% of the surveyed 80 households, lived on
land granted by or inherited from the government. Most of the clan’s land that was confiscated by
the government is residential, and most of the cultivated land preserved the customary land holding,
as established from the interviews with the elderly. In addition, it seems that the collection was carried
out in units of village districts; the residence seems to have not moved beyond the scope of the village;
the original villagers use the cultivated land of the village to settle. This did not change before or after.

Many households divide these fields into parcels and cultivate three parcels per year.
Many households cultivated rice in the fields on the slopes of the ridge away from the high
concentration of homegardens. According to the survey results of 80 households in 2007, households
cultivated 268 land parcels. Among them, 197 parcels (73.5%) were obtained via the clan by the
present cultivators. The 44 parcels (16.4%) were cultivated in different ways: 26 parcels were leased
for cash, 17 were purchased, and only 1 parcel was a sloping field allocated by the government.
Information on how the remaining 27 parcels were obtained was unknown. Accordingly, the Ujamaa
policy does not have any practical effect on how sloping fields are used at present. Of the 268 parcels,
65 (24.25%) contained maize; 94 (35.1%), rice; and 78 (29.1%), cassava, together representing 88.45%
of the total cropping. Sloping fields used as fallow or for the cultivation of other crops constituted
only three parcels (1.12%), but they did not cultivate perennial crops. The region’s matrilineal clan
plays a substantial role in the distribution of sloping fields and their methods of use. Consequently,
the cultivation of perennial crops such as tree crops and banana remains limited in the sloping areas.

Following the land tenure system in the study area, it is thought to be difficult to plant perennial
crops such as banana or tree crops in the fields on the slopes. Therefore, on sloping fields that extend
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outside the homegardens, hardly any tree crops are planted [20]. The sloping fields have been used for
the cultivation of short cycle crops of staple food such as maize, rice, or cassava, under the influence
of traditional land tenure systems possessed by Matrilineal clans [20]. From these results, it was
determined that on the lands which were distributed by the village government, the influence of the
traditional land tenure system was removed and people started to cultivate perennial crops on their
own land.

However, some homegardens might cultivate just one of the staple food crops, as in the case of
household number 34, which planted rice crops in the entire homegarden. Maize is cultivated at a
comparatively high elevation within the village; in many cases, it is cultivated at an elevation of 800 m
or above on the large ridge in the Kiseneke village district that divides the village in half. Rice plants
and cassava are frequently cultivated at elevations of 800 m and below. In particular, rice plants are
often cultivated on the sloping fields to the south of the area where the homegardens are concentrated
in the Mungi village district (Figure 5). On such sloping fields, the land-use pattern for the cultivation
of staple food crops reveals similarities between the households in this village: fixed location and
growing season. In addition to the land tenure system centered on matrilineal clans, there is a cropping
system based on the forms of regional meals that also defines the crop varieties planted in the sloping
fields. Therefore, the cropping patterns in homegardens differ from the sloping fields.

3.11. Changes of the Tree Crop Cultivation

By comparing the satellite images of December 2013 with those in 2005, we traced the direction
of the Kiboguwa Village forest landscape development (Figure 4b,c). We identified more abundant
vegetation with newly constructed houses in the 2013 image. However, many of the houses visible in
the image of 2005 still exist after eight years, and the forest landscape also covered practically the same
range (Figure 4b,c). In 2005 and 2013, the upper region in the image mainly showed the cultivation
of rice with hardly any trees occurring in this place. In Kiboguwa Village, some of the homegardens
are abandoned due to the death or migration of the head of the household. In Kiseneke, there was
a relatively frequent migration tendency, and the places used as homegardens frequently became
unmanned and fell into an abandoned state. These aforementioned abandoned states are known
as Biamo.

Of the 55 households in Kiseneke surveyed in 2005, five established homegardens at separate
locations or moved to a different household to start living at this new location in 2006. Of these five
households, in two households, the wife returned to her original home due to divorce. In another
household, an elderly lady lived alone and, to live with her son, she established a homegarden in a
more central part of the village and moved there. Therefore, the location of a previous homegarden
returned to its original characteristics. In the remaining two households, one household had poor
relations with the neighbors and moved to another village and, in the other household, a sister with
a deteriorated relationship with her brother established a new home in the field of her husband.
Therefore, although the locations of the homegardens changed, the land use in the village remained
likely the same over the eight years.

3.12. Characteristics of the Household Structures on Cropping Patterns

The households with homegardens distributed at elevations of 900 m and below are arranged
according to the ages of their oldest member (Table S1). In the study area, households presented
a strong tendency to have a nuclear family. Household numbers 14, 35, and 40 were occupied by
widows, their mothers, and children (Table S1).

Except for household numbers 14, 35, and 40, the cropping patterns shift following each change
of generation. Married couples established new homegardens in fields inherited from either the
parents of the wife or the husband. However, because only annual crops are planted in the inherited
fields, the couples plant new crops according to their preference. Therefore, the cropping pattern in
homegardens reflected the preferences and necessities of the married couples. We considered this
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as one of the leading factors to the generation of diversity in the homegarden cropping patterns
among households.

When evaluated the homegardens according to the age of the eldest member, who we considered
as the head of the household; we observed that the method of obtaining homegardens differed by age
group. The heads of eight households were in their seventies or older. Six households obtained their
homegarden during the forced migration in 1974, in their 60s. The head of household number 35 was
in her 50s or younger, and the heads of household numbers 24 and 28, answered that they migrated to
the land allocated to them by the government.

Under the Ujamaa policy, immigrants supposedly received fixed and equally distributed areas of
land. However, the head of household number 20 obtained a narrower homegarden in comparison
to those of the other households. The head of this household had four wives, of whom three lived at
an adjacent homegarden. Furthermore, his sons lived together with these three wives at household
numbers 18 and 19 and had established homegardens close to that of their father. All of these lands
formerly belonged to the head of household number 20.

In summary, age group explains how homegardens differed in terms of how they were acquired
and their size. This suggested that the older age group tended to receive a bigger homegarden.
The ratio of the cropping area for tree crops tended to be higher among the older age groups.

4. Discussion

We identified the cropping patterns of the homegardens in Kiboguwa village, located in the
mountainous area of central Tanzania, through a survey of participant observations accompanied by a
long-term stay. This allowed us to evaluate the critical factors related to the cropping patterns such as
geography, climate, history, land use policies, and the cultural behavior on land use, particularly the
Ujamaa policy.

The crops cultivated in the homegardens in the research area changed over time. Previous reports
suggest that Bananas were introduced in the distant past, and an English explorer from the 19th
century described how the Luguru people wore the leaves of banana plants instead of clothes [21].
Coffee also arrived there a long time ago, with records of a German who began cultivating coffee in the
1890s on the western slopes of Mgeta [29]. However, the route by which coffee was introduced into
the village studied (Kiboguwa) remains unknown. A remarkable increase in the number of tree crops
in this region likely occurred around the time of Tanzania’s independence, 60 years ago. In the same
period, spice crops such as cinnamon and clove, which are cultivated as staple food crops, were also
introduced into this region. This introduction likely resulted from the poll tax imposed by British
colonial rule. Many people wanted to escape the poll tax and, at that time, the country was still
divided and conquered by the Arabs and British [30]. Hence, people headed for the Arab Zanzibar
Island which was not within the scope of the poll tax. On Zanzibar Island, they became seasonal
workers on the clove plantations established by the Arabs, and the Luguru people visited the island
together with the Sukuma and Nyamwezi people who lived in the northern part of Tanzania [28].
Before independence, the people who went to Zanzibar Island subsequently returned to the region
studied in this research and brought with them many crops, which might explain the sudden increase
in the number of trees crops. When coconuts were introduced also remains unclear. Since slaves
on Zanzibar Island used coconut plantations [28], the introduction of coconut might have occurred
similarly as that of clove; they arrived in this region around the time of independence.

At present, many homegardens have created an expansive forest landscape centered on the
Changa, Mungi, and Ludewa village districts that developed on land excluded from the allocation
of land to clans during the implementation of the Ujamaa policy. Following the land tenure system
in the study area, it is thought to be difficult to plant perennial crops such as banana or tree crops
in the fields on the slopes. Therefore, on sloping fields that extend outside the homegardens, hardly
any tree crops are planted there [20]. Land distributed by the village government under the Ujamaa
policy removes the influence of traditional land tenure, and people started to cultivate perennial crops
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including banana in their homegardens. About 60 years ago, at the time of the immigration under the
Ujamaa policy, the cropping pattern of the homegardens, less than 900m above sea level, suitable for
many tree crops, became diverse.

In addition, ecological differences which are observed at different altitudes of the slopes increase
the diversity of the cropping patterns of the homegardens in the village. Commercial crops such
as cinnamon, clove, coffee, and coconut were the most cultivated, many of which require a damp
environment with a high temperature for growth. The suitable conditions for growing cinnamon are
an average temperature of between 20 ◦C and 30 ◦C; annual rainfall of 1250–2500 mm, and an elevation
of 300–350 m. The suitable conditions for growing clove are a temperature between 24 ◦C and 33 ◦C
with annual rainfall of 2000–3000 mm, and an elevation range of 300–600 m [31]. Moreover, the suitable
conditions for growing coconut are an average temperature of 27 ◦C to 28 ◦C, but not below 20 ◦C,
similar to cinnamon. The monthly rainfall should be an average of 130 mm (around 50 mm in the dry
season); therefore, in Eastern Africa, these crops can be grown at elevations of 1100 m and below (Weis,
E.A. 2002). Many of the tree crops cultivated in this village were suitable for cultivation at low altitude
in the village. The cultivation of herbaceous crops was also observed at altitudes suitable for their
cultivation characteristics.

Furthermore, the family structure and custom homegarden land use of the village also contributed
to the diversity of the homegarden cropping patterns. Households in this village are often composed
of nuclear families, with one homegarden per household. Typically, after abandonment, a homegarden
becomes indistinguishable from a normal field. However, the cropping patterns of an abandoned
homegarden for only one generation still reflected the ideas of the people living there, their ages, and
household structure. This likely increased the diversity of homegarden cropping patterns within the
study area. In some regions of the islands of Southeast Asia, people manage crops in their homegardens
over many generations. In these regions, homegardens become places where culture flows from
one generation to another [32]. The cropping patterns noted in the Southeast Asia homegardens,
which mainly grow banana and coffee, differed from those indicated in our study: their cropping
patterns are less likely to reflect factors such as the ages, preferences, and health conditions of the
family members. Additionally, the tendency to pass down homegarden cropping patterns through
generations can be noted in the Kilimanjaro and Usambara Mountains [33].

5. Conclusions

The diversity of the cropping patterns observed in the homegardens in this study village was
influenced by factors related to regional characteristics such as the regional history and the customs
and policies. The introduction of tree crops began with people returning from Zanzibar island, before
and after the colonial era, who brought back various crops to this area. Furthermore, the customs
concerning the ownership of lands possessed by maternity clans and the ownership of trees has been
partly broken by the Ujama policy and tree crop cultivations started to spread in homegardens in the
village. In addition, households are often composed of nuclear families, and the land of homegardens
tends to be abandoned by one generation. Such factors contribute to the diversity of cropping patterns.
In addition, ecological diversity distributed on the slopes of the Mountains from around 650 m to
around 1200 m, also makes the cropping pattern diverse. In homegardens distributed above 900 m,
only a few tree crops were observed. Instead of tree crops, herbaceous crops such as maize or common
bean or banana were cultivated. Because bananas are not a main staple food crop for the people of
Kiboguwa village, there are some homegardens in which only few bananas were cultivated. This point
is not the same as the homegardens of people in the northern part of Tanzania who are called banana
eaters. Therefore, it can be said that cultural differences in terms of staple food crop affected the
diversity of cropping patterns in both areas. The contents or methods of agricultural and rural
development projects or the purpose of research on tropical agriculture must be relevant to actual
situations [34]. In agricultural technological supports, the agriculture of the target area of the projects
is analyzed mainly from economical or agro-ecological point of view [35]. Factors influencing cropping
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patterns are assumed to be different in the region, and the contents of agricultural technical supports
targeting the hormegardens must be different among these regions. Without knowing suitable and
specific points of view for each area, the nature or real background of the phenomenon could not be
understood. Analysis using an inductive method—considering the background against which the
phenomenon becomes evident after collecting the information from the target area in this manner—is
thought to lead to an essential understanding. By investigating the cropping patterns of homegardens,
we provided information to support future developments that improve the agricultural development
in such rich Tanzanian homegardens. In this study, we tried to understand the relationship between
the phenomenon appearing as cropping patterns from the viewpoint of the investigator and the factors
acting on it. However, information on how farmers’ own thinking and intention about cropping of the
homegardens have not been collected. Such research is also considered to be necessary.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0472/8/9/141/s1,
Table S1: Information on household members who have lived together at a homegarden and characteristics of
cropping patterns of each homegarden.
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