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Abstract

:

Vegetables are rich in vitamins and other micronutrients and are important crops for healthy diets and diversification of the food system, and many traditional (also termed underutilized or indigenous) species may play a role. The current study analyzed 35 vegetables with a European region of diversity with the effort to map the conservation status in Fennoscandia and beyond. We mapped georeferenced occurrences and current genebank holdings based on global databases and conducted conservation gaps analysis based on representativeness scores in situ and ex situ. Out of the 35 target species, 19 got at a high priority score for further conservation initiatives, while another 14 species got a medium priority score. We identified a pattern where traditional vegetables are poorly represented in genebank holdings. This corresponds well to a lack of attention in the scientific community measured in number of published papers. Considering the grand challenges ahead in terms of climate change, population growth and demand for sustainability, traditional vegetables deserve greater attention. Our contribution is to provide a basis for conservation priorities among the identified vegetables species native to Fennoscandia.
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1. Introduction


The Russian scientist N.I. Vavilov linked crop diversity to region of domestication and established the concept of “centers of origin” [1], later termed “regions of diversity” [2]. To develop and maintain food production we need genetic diversity and in addition to a variety of cultivars and landraces, crop wild relatives represent such diversity. They can be gene sources for pest and disease resistance but also for more robust plants adapted to a more unpredictable climate [3,4,5]. Khoury et al. [6] pointed to conservation of genetic resources as a global concern; people consume food with genetic resources from outside their borders, often from other continents, so conservation and access to plant genetic resources is an international issue. Countries have committed themselves to safeguard genetic resources [7] and each country aims to map and conserve its diversity. Details on access are regulated under the International Treaty for Plant Genetic Resources for Food and Agriculture [8].



The northern part of Europe was not included in any of the centers proposed by Vavilov; however, Zeven and Zhukovsky [2] included a European–Siberian region of diversity, which covered Central-, Northern- and Eastern Europe, and Russia towards Mongolia and Kazakhstan. They linked several forage grasses and legumes, but also vegetables, herbs and spices, and fruit and berries to this region. As this is a huge region, we narrowed this paper to focus on vegetables, herbs and spices native to Fennoscandia. Fennoscandia is located between the Atlantic Ocean and Eurasia and includes Norway, Sweden, Denmark, Finland and a part of North-Western Russia. Precambrian granites and gneisses dominate the bedrock and boreal forest grow over large parts of the area and continues eastwards into Siberia [9]. High mountains in the west have a large impact on precipitation and there is a maritime climate in the west and a more continental in the east. Agriculture is located mostly along the coastline and in valleys but also in forests. Outlands are grazed by sheep and reindeer, and to a lesser extent by cattle.



Vegetables are among the plants especially important for healthy diets and food security [10]. Traditional vegetables (also termed underutilized or indigenous vegetables) represent a huge potential for diversification and are often grown in household gardens [11]. Such vegetables, or their wild ancestors, are present throughout Europe. The plants have been collected and domesticated and for many of the species cultivation has disappeared. For Fennoscandia, root and bulb plants were especially valuable as they could be stored and used during the long winter, but leaf vegetables were valuable too as they were used fresh during the summer [12]. Today, fresh vegetables are year-around commodities, but still local production and plant traditions are important. Promotion of recipes with local ingredients is popular, both as identity and as marketing a region or a country [13]. Furthermore, it is a way of appreciating local or indigenous knowledge. In Fennoscandia, we know that the Sami people collected plants, such as angelica (Angelica archangelica L.) and common sorrel (Rumex acetosa L.), and they later started to cultivate these vegetables [14].



Taking a bird’s-eye view, one could argue that Fennoscandia and Northern Europe are not an important region for crop diversity, especially if compared to mega-centers, such as Central Asia, the Mediterranean and Latin America [15]. We still wanted to review Fennoscandia with a focus on vegetables, also including herbs and spices. Few studies have been carried out on such species from the region and we believe the region could harbor valuable genetic resources due to its northern location. The species in focus include both well-recognized crops and species that are partly domesticated or previously cultivated but forgotten today. We included annuals, biennials and perennials. Cultivation of most species came to Fennoscandia from the south or east, like the cultivation of carrot (Daucus carota L.) and beet (Beta vulgaris L.), which were domesticated in the Mediterranean, and asparagus (Asparagus officinalis L.), whose primary center of origin is on the salt-steppes of Eastern Europe or Western Asia [2]. These species are global vegetables today but have genetic resources present in Fennoscandia, also as wild or semi-wild populations. These populations are the northernmost in the world; thus, they may harbor valuable traits for breeding for crop adaptation.



Different approaches have been suggested for conducting gap analysis for genebanks. Focused Identification of Germplasm Strategy (FIGS) is one, and it works on the premise that adaptive traits in the material mirror the environmental conditions of their place of origin [16]. Diversity can be maximized by sampling accessions based on their geographic regions and collections could be built to cover a range of environments [17]. Another approach that shares some of the same premises is to use spatial analysis [18] but to include both ecological, geographical and sampling representativeness to calculate a final conservation score both in situ and ex situ [19]. For the present study we chose the latter approach.



As far as we know, no gap analysis of vegetables native to Europe and especially Northern Europe has been done. Work has been done on temperate grasses and pulses [20] and on crops with origin in other parts of the world, such as potato [21], cowpea [22], beans [23], eggplants [24], wild cucurbits [25] and wild chili pepper [19]. Traditional vegetables and their genetic resources have been promoted as important in tropical and subtropical regions [26,27] but seldom in regions such as Europe and Fennoscandia.



The current study aims at producing new insight into traditional Fennoscandian vegetables and their conservation status. We wanted to identify priority species and priority areas for germplasm collection missions, in order to safeguard diversity with a focus on Fennoscandia and beyond. We wanted to highlight the value of in situ conservation and to recognize genetic resources as an ecosystem service. We did not aim to attach economic value to such a service but just to pinpoint that plants growing in the forests and mountains are of interest not only for the local communities but also on a global scale as plants harbor traits of importance for future crop improvement and for increased resilience and diversification of our food systems.




2. Materials and Methods


2.1. Selection of Target Species


We selected target species on the basis of previous literature and on geographical criteria. One key source of information was the study of Zeven and Zhukovsky [2], who listed around 200 species belonging to the European–Siberian region of diversity (Table S1 (Supplementary Materials)). We categorized these species according to use and selected the vegetables, herbs and spices for further consideration. The next selection criterion was nativity to Fennoscandia. We used the Global Biodiversity Information Facility (GBIF) [28] and Mossberg and Stenberg [29] for this. We excluded Barbarea praecox R. Br. (winter cress), Valeriana locusta (L.) Betoke (lamb’s lettuce), Mentha cardica Gerard ex Baker (Scotch mint), Sedum reflexum L. (Jenny stone crop), Bunium bulbocastanum L. (black zira), Portulaca oleracea L. (common purslane) and Rumex alpinus L. (Alpine dock) as they are not found in Fennoscandia. We also removed hybrids, such as Mentha × piperita L. and Mentha × rotundifolia (L.) Huds., due to taxonomic uncertainties in the wild populations of these hybrids. We ended up with 35 target species of vegetables that we could term Fennoscandian traditional vegetables (Table 1).



We categorized the species according to primary products used (leaf, bulb, tuber, root, stem, flower, seed), their cultivation status (widely cultivated, previously cultivated/rarely cultivated), and according to FAO’s Annex 1 list of priority species for conservation under the International Treaty for Plant Genetic Resources in Food and Agriculture [8].




2.2. Data Collection and Validation


We surveyed the occurrences from The Global Biodiversity Information Facility (GBIF) [28], applying the scientific names and countries as filters in the search function. GBIF occurrences can be from natural populations, herbarium specimens, seed collections, or other records. The total number per species and clusters of georeferenced occurrences were compiled by using the map function of the GBIF website. The information was used to illustrate where natural populations are expected to be found. We surveyed the global ex situ genebank holdings using GENESYS online facility, The Global Gateway to Genetic Resources [30]. We applied the scientific names, countries of origin, and biological status of accessions as filters in the search functions and restricted the search to wild accessions only, comprising natural, semi-natural/wild, and semi-natural/sown. The top two provenience counties for each species were compiled from the summary function of the database as well as from the Fennoscandia countries Norway, Sweden, Finland and Denmark. A reported accession is a seed sample or another conserved propagation material unit maintained in genebanks that are reporting to GENESYS. Many genebanks, and especially the large ones, such as the Nordic genebank, report to the facility.



We then collated the occurrence data of the target species from both GBIF and GENESYS. Presence data from GBIF were programmatically downloaded using the R [31] package “rgbif” [32]. Presence data from GENESYS were downloaded manually from the web platform applying the filter “wild” on the biological status of the accession. For the data cleaning and filtering we applied the following criteria: (i) remove occurrences with missing geographical coordinates, or outside the reported administrative boundaries [33]; (ii) remove locations reported to be collected before 1960 to match with the baseline climate; (iii) remove locations from country centroids or with no decimals as it is a sign that these points were only taken at the country level and had low precision; (iv) re-assign coordinates located in coastal waters to their nearest location on the coastline using a 10 arc-min buffer; (v) remove duplicated records within the same grid cell at a 5 arc-min resolution [34].



For each target species, the relative importance of the target region (here Fennoscandia) was calculated. To further narrow down would be difficult due to lack of geo-references in the GENESYS ex situ conservation database. We therefore extracted the number of wild (natural, semi-natural or semi-wild) accessions with provenance in Norway, Sweden, Finland and Denmark in the database.



To track the number of scientific publications for the target species, we used the Web of Knowledge Core Collection [35]. The facility covers more than 12,000 international journals in the areas of the natural and social sciences and arts and humanities. We did not restrict our searches to any period, language or publication type and searched for the scientific names (with AND between genus and species) with the topic (TS command). The topic in Web of Science includes words from titles, abstracts and key words. Thus, topic will always catch a higher number of records than title searches.




2.3. Climate Data


We used WorldClim v1.4 [36], a dataset with climatic variables corresponding to a near-current climate (~1960–1990) at a spatial resolution of 2.5 arc-min. To reduce bias in the model predictions we applied an analysis of variance-inflation factors (VIF) selecting the least correlated variables (VIF < 10). This process resulted in twelve variables: (i) bio02, mean diurnal temperature range; (ii) bio04, temperature seasonality; (iii) bio08, mean temperature of the warmest quarter; (iv) bio09, mean temperature of driest quarter; (v) bio15, precipitation seasonality; (vi) bio18, precipitation of warmest quarter; (vii) bio19, precipitation of coldest quarter; (viii) srad05, solar radiation (kJ m−2 day−1) in May; (ix) srad12, solar radiation (kJ m−2 day−1) in December; (x) vapr07, water vapor pressure in July (kPa); (xi) wind07, wind speed (m s−1) in July; and (xii) wind speed (m s−1) in December.




2.4. Data Analysis


The distribution of the target species was modeled within longitudes −25 and −60 and latitudes 34 and 71. The analyses were performed in R [31,37] applying an ensemble method for species distribution modeling (SDM) implemented by the R package “BiodiversityR” [38]. The procedure consists in calculating the suitability as a weighted average of all probabilities predicted by the SDM algorithms [39] following three steps: (i) calibrate the models by assessing the performance of all SDM algorithms in a 10-fold cross-validation and computing the area under the curve (AUC) [40,41,42]; (ii) retain the algorithms that contributed at least 5% to the whole ensemble of models measured with the weighted AUCs from each algorithm; (iii) generate the suitability maps using the predictions from the selected algorithms in step 2. To generate the presence–absence maps, we converted the ensemble suitability from step 3 using the threshold of maximum specificity + maximum sensitivity [43]. In Figure S1 (Supplementary Materials) we show the AUC values for the selected algorithms for each ensemble of the target species.




2.5. Gap Analysis


For the gap analysis we followed the methods described by Khoury et al. [19] using the R package “GapAnalysis” [44]. Four scores were calculated for the ex situ and in situ conservation statuses. The sampling representativeness score (SRS), the geographic representativeness score (GRS), the ecological representativeness score (ERS) and the final conservation score (FRS). The metrics ranged from 0 to 100, where a score of 0 means a poor conservation state and 100 a well conserved state. For this we used the distribution models described in the previous section, with the records from GBIF and GENESYS.



The SRS ex situ provides a general indication on how comprehensive are the collections in genebanks. This compares the total number of reported germplasm accessions (G) available in GENESYS against the number of referenced (H) records in GBIF, were an ideal ratio would be of 1:1. We used all references from GBIF and germplasm records from GENESYS, regardless of the existence of geographical records. The GRS ex situ measures the proportion of the geographical range comprised by the species distributions that are conserved in genebanks. We created buffers of 0.5 arc-degrees for each genebank collection and estimated the areas where genebank accessions were collected within the modeled geographical range of species. The ERS ex situ assesses the proportion of ecoregions that are represented in the genebank collections. Ideally a species is well conserved when it has reported collections for every potential ecoregion covered by its geographical distribution. To estimate this index we used the TNC (The Nature Conservancy) terrestrial ecoregions [45]. We obtained the ex situ final conservation score (FCS ex situ) by taking the average of the previous ex situ metrics.



To assess the in situ conservation we applied the four metrics described previously focusing on the state of conservation of the target species within officially protected areas. In situ conservation maintains genetic variation in its natural environments. The current system with nature reserves and national parks tends to focus on habitats or ecosystems rather than specific plant genetic resources. However, plant genetic resources may also be found outside protected areas. Thus, we should be aware that limiting the analysis of in situ conservation to officially recognized protected areas may constitute only a fraction of the biodiversity found in situ. We used the World Database of Protected Areas (WDPA) [46], selecting all terrestrial and coastal protected areas within the study region. For the SRS in situ we computed the proportion of GBIF occurrences that falls within the protected areas. For the GRS in situ we compared the proportion of area of the modeled distribution for each species that are covered by a protected area. For the ERS in situ compares the variation in ecoregions that comprises the distribution range of each species within the protected areas. The in situ final conservation score for in situ (FCS in situ) was computed by taking the average of the previous in situ metrics. We computed the Final Conservation Score by averaging all ex situ and in situ scores. As applied by Khoury et al. [19], we categorized the final conservation score in priority for further conservation accordingly: (i) high priority when scoring <25; (ii) medium priority when scoring ≥25 to <50; low priority when scoring ≥50 to <75; and (iv) sufficiently conserved when scoring ≥ 75.




2.6. Supporting R Packages


To organize the datasets the R packages “data.table” [47], “magrittr” [48], “janitor” [49], “Taxonstand” [50] and “tidyverse” [51] were used. We processed the layers using the packages “sp” [52], “sf” [53], “maptools” [54], “raster” [55], “rgdal” [56], “dismo” [57], “alphahull” [58], “rJava” [59] and “rgeos” [60]. The maps were produced using the packages “ggplot2” [61] and “patchwork” [62].





3. Results


3.1. Georeferenced Occurrences


A total number of 3,105,406 georeferenced occurrences was reported in GBIF for the 35 targeted vegetable species that have a European–Siberian region of diversity. The highest number of occurrences were for garden sorrel (Rumex acetosa L.), carrot (Daucus carota L), broad-leaved dock (Rumex obtusifolius L.) and fat-hen (Chenopodium album L.). At the other end and with the lowest number of occurrences (5000 or less per species) were leafy goosefoot (Chenopodium foliosum Asch.), garden lovage (Levisticum officinale Koch.), garden orache (Atriplex hortensis L.), patience dock (Rumex patientia L.) and master-wort (Peucedanum ostruthium (L.) Coch.).



A diversity map showed that Denmark, Germany, the Netherlands, Belgium and parts of the UK and France had all 35 target species and that the southern part of Fennoscandia had a higher number of the species than the northern and eastern parts of the region (Figure 1).



Northern Europe, including Fennoscandia, was a cluster for master-wort and angelica (Angelica archangelica L.), while Northern/Western Europe were main clusters for turnip (Brassica rapa L.) and sea kale (Crambe maritima L.). Central and Northern European clusters were detected for garden lovage, garden orache, sand leek (Allium scorodoprasum L.), tuberous-rooted chervil (Chaerophyllum bulbosum L.), garden myrrh (Myrrhis odorata (L.) Scop.) and caraway (Carum carvi L.). For the rest of the target species Northern Europe with Fennoscandia were present with occurrences but more as in the periphery of the distribution clusters (Figure 2 and Figure 3).




3.2. Genebank Holdings and Ex Situ Conservation Gaps


A total of 39,541 accessions were found in GENESYS for the targeted 35 vegetables and of these 5968 were classified as wild (including wild/natural and semi-wild/semi-natural). Furthermore, less than 64% of these wild accessions were georeferenced, with an average of 53% (±27%) georeferenced accessions per species. The provenance countries of the accessions are provided in Table 2.



We next examined gaps in the ex situ conservation system of genetic resources of the target species as reported by GENESYS. First, groundnut peavine (Lathyrus tuberosum L.) had no single accessions in the database, neither of cultivated nor of wild types. Thereafter, leafy goosefoot, master-wort, allgood (Chenopodium bonus-henricus L.) and tuberous-rooted chervil had less than 30 accessions in total in GENESYS. Looking at the proportions of wild (wild/natural and semi-wild/semi-natural) compared to cultivated biological status of the material (commercial cultivars, landraces and breeding lines), a low representation of wild material (less than 3% of the total number of accessions) was detected for swede/rapeseed (Brassica napus (L.) Mill.) and turnip, followed by horseradish (Armoracia rusticana (Lamm.) Gaertner. Mey and Scheb.), garden orache, garden lovage and black mustard (Brassica nigra (L.) Koch.), all with 3–15% wild accessions. At the other end, with more than 75% wild accessions, we found watercress (Nasturtium officinale R. Br.), great burnet (Sanguisorba officinalis L.), sea kale, Rampion bellflower (Campanula rapunculus L.) and broad-leaved dock.



A clear correlation (R2 = 0.74) was found between GENESYS records in the form of number of accessions per species and publication records at ISI Web of Science (Figure 4). The minor crops were poorly represented and the lowest number of publications were for groundnut peavine (four publications), garden myrrh (7), tuberous-rooted chervil (13), Rampion bellflower (16), leafy goosefoot (16), sand leek (21), sea kale (24) and allgood (25). Eleven species were represented with more than 800 publications each with swede/rapeseed (16,244 publications), beet (7788), turnip (4613) and carrot (3807) at the top followed by fat hen (2125), hops (Humulus lupulus L.) (1657), marjoram (Origanum vulgare L.) (1583), chicory (Cichorium intybus L.) (1567), asparagus (Asparagus officinalis L.) (1187), black mustard (857) and green mint (Mentha spicata (L.)) Huds. (804).



Looking closer at the Fennoscandia provenance, no wild accession from this region was detected in GENESYS for swede/rape, green mint, garden sorrel, leafy goosefoot, tuberous-rooted chervil, patience dock, small burnet (Sanguisorba minor Sp.), watercress, great burnet, master-wort, Rampion bellflower and broad-leaved dock. Species with a low representation from Fennoscandia, where less than 2% of the wild accessions in GENESYS were from Fennoscandia, were hops, turnip, black mustard and carrot. At the other end of the scale, beet, asparagus, parsnip, angelica, caraway and garden myrrh had a significant proportion of wild accessions from Fennoscandia.




3.3. Conservation Status


The analysis on the conservation gaps showed that 19 of the 35 target vegetables fell into the high priority category for Europe based on the final conservation score across in situ and ex situ scores as explained in the Materials and Methods section (Figure 5). Another 14 target species were scored within the medium priority category while only carrot and beet scored in the low priority category.





4. Discussion


Our point of departure was that conservation of plant genetic resources is a global concern where relevant scientific communities in each country need to take part. There are several uncertainties about the introduction of plants to Northern Europe as references are rare prior to the 16th century [63,64,65]. Plants may have been introduced but escaped from cultivation and now exist as semi-wild populations. We showed this pattern in the predicted species richness, where the higher diversity is found in northwestern Europe. We could regard such populations as part of our bio-cultural heritage, as they have survived for hundreds of years and thus have good traits for adaptation and hardiness. Many accessions have been safeguarded in ex situ genebanks, and wild plants continue to survive in situ, at least if their natural environments remain unchanged. Still, there is much to be done, especially for minor crops such as traditional vegetables.



With the gap analysis (Figure 5) we showed that only two out of the 35 target crops could be classified as low priority crops for further conservation. The low rate of georeferenced accessions reported to GENESYS (~53% per species) may limit our understanding on the full conservation status of the 35 target vegetables in Europe. Uncertainty remains whether the conservation score could be higher if all the sampled data were complete. This calls not only to prioritize collection missions for these species, specially the 19 with high priority, but also for best practices in reporting accessions and data management of existing information to prevent duplicated efforts in new collections.



There are different explanations to the result that many of our traditional target vegetables are poorly represented in genebanks. One explanation is that crops being minor or underutilized implies them not being in focus. One could argue that such crops have little value. Our results showed that the species with the highest number of publication records were those with the highest number of conserved accessions, and vice versa. Traditional vegetables on the high priority list, such as master-wort, leafy goosefoot and tuberous-rooted chervil, have no or very few accessions and this accounts for all genebanks reporting to GENESYS. The mentioned species are also relatively rare to find as wild populations (Table 2, Figure 1). Some details on a few of the species: master-wort (belonging to the Apiaceae) has been cultivated in Fennoscandia and used to flavor beverages or for medicinal purposes [66]. Recent research has identified bioactive constituents as different furanocoumarins [67]. The plant is said to have been introduced to Fennoscandia in mediaeval time. It is very rare to find today and grows in small populations in old meadows or close to farmhouses [68]. Few measures have been taken so far to conserve these populations. Leafy goosefoot was included in Rudbeck’s Catalogus plantarum published in 1658 about Swedish wild or semi-wild plants [69]. It was previously cultivated as a leafy vegetable, but cultivation has disappeared. Today the plant is rare to find and most populations are in or close to cultivated landscapes and in the southern parts of Fennoscandia. Tuberous-rooted chervil (an Apiaceae) could be an alternative to potato and is rich in starch, with a dry matter content exceeding 35% [70]. In France, tuberous-rooted chervil is considered a gourmet vegetable and initiatives have been made to extend cultivation by breeding varieties of the plant [71]. In Fennoscandia, the plant has most likely been introduced and is naturalized but rare, and most of these populations are found in the southern landscapes. A closely related species, often termed a subspecies C. prescottii, is widespread especially in northern areas of Fennoscandia and seems to have a Russian origin [72].



Other species on the high priority list were garden orache, garden lovage, sand leek, and the two Mentha species, green mint and apple mint (M. suaveolens Ehrh.), the latter with very limited distribution in Fennoscandia. Garden orache is known from the area since medieval times [69]. According to Linné [73], the plant was common as a weed but has now almost disappeared. Garden lovage was described as naturalized in Sweden in the 18th century but was also introduced to Fennoscandia.



Wild leek (Allium ampeloprasum L.), watercress, patience dock and Rampion bellflower are species at a high priority but very rare to find as wild populations in Fennoscandia. Horseradish and hops are common but are maintained in clonal archives. Such archives were established in the Nordic countries by the national programs for plant genetic resources, but they only maintain genotypes with a documented cultivation history and not wild/semi-wild plants [74]. Allgood and groundnut peavine got a medium final score. Up to the 19th century groundnut peavine was grown in Europe as a vegetable used for its edible tubers [75]. Now it is more of an ornamental plant but has potential for use in diversification of horticulture. Allgood (belonging to the Amaranthaceae) is another priority species. The plant has been used as a potherb and a medicinal plant. In Sweden, people used leaves against pancratium [76] and roots have been used to treat diarrhea and lung infections [77]. Today the plant is very rare in Fennoscandia and to our knowledge is in decline.



As our overview has shown, some species are poorly represented in genebanks. To conserve more than a few accessions per species is of great value, as different accessions may have different nutrient contents [78] as well as different adaptation traits. Thus, collects from Fennoscandia might have a special value in a global context. A few plants were domesticated in Fennoscandia, such as angelica, but the majority were introduced, most likely through trading routes and monasteries in medieval times [79]. Little is known about the details. However, it is documented that certain species tend to have their habitats at historical sites [80,81]. Ethnobotanical studies are relevant for understanding the distribution and use of plants. The targeted vegetables have been necessities used as food and spices but also for other purposes. For Fennoscandia the work of Høeg [12] is especially valuable for compiling traditional plant knowledge. For the eastern and southern parts of Europe the works of Pieroni, Soukand and Dogan are important [82,83,84,85,86,87]. Luczaj et al. [88] presented an overview of the changes in the contemporary use of wild food plants in Europe using examples from Poland, Italy, Spain, Estonia and Sweden. A general decline in use and knowledge has been identified across Europe. Our concern is that such a lack of knowledge may lead to lack of care. Habitat destruction is more likely to take place when knowledge is lacking. Indigenous people had ways to secure plant populations. They also used a wide range of species [89,90]. To start using our bio-cultural heritage is positive, as shown in the New Nordic Cuisine [13]. However, over-exploitation is a risk factor if wild species are commercialized without being put into agricultural production or a proper sustainable harvesting regime. Independent of today’s situation, conservation of genetic resources is important for future generations.




5. Conclusion


We have demonstrated that traditional vegetable genetic resources are sparsely represented in genebank collections. A hundred years after Vavilov published his ideas on centers of origin, we still have a long way to go in Europe. Gaps have been identified. Traditional vegetables have a great potential for healthy diets, for diversification and for local innovation and food culture [11,91,92]. Conservation action and promotion of such crops should be carried out. The impacts of climate change on current habitats and current production systems are not fully understood [3,93,94]. The importance of diversity seems to be increasing.
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Figure 1. Predicted species richness combining the 35 traditional vegetables across Europe based on the ensemble of species distribution models. The color gradient, from yellow to dark red, represents the suitability of a given species per grid-cell (2.5 arc-min). 
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Figure 2. Suitability of the 20 targeted leafy traditional vegetables across Europe. The color gradient, from yellow to dark blue, represent the suitability of a given species per grid-cell (2.5 arc-min). Red dots represent the locations where wild/natural accessions have been collected, georeferenced, stored in a genebank and reported to GENESYS. 
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Figure 3. Suitability of the 15 targeted root, bulb, stem and flower traditional vegetables across Europe. The color gradient, from yellow to dark blue, represent the suitability of a given species per grid-cell (2.5 arc-min). Red dots represent the locations where wild/natural accessions have been collected, georeferenced, stored in a genebank and reported to GENESYS. 
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Figure 4. Graph showing the plots from number of ISI Web of Knowledge records and GENESYS records per species. 






Figure 4. Graph showing the plots from number of ISI Web of Knowledge records and GENESYS records per species.



[image: Agriculture 10 00340 g004]







[image: Agriculture 10 00340 g005 550] 





Figure 5. Conservation status of the 35 targeted traditional vegetables in Europe based on in situ and ex situ conservation representativeness scores. Species are ordered based on the need of further conservation action, from high (top) to least (bottom). ERS, ecological representativeness score; GRS, geographical representativeness score; SRS, sampling representativeness score; FCS, final conservation score, based on the mean of ERS, GRS and SRS within each conservation category. Final conservation score is based on the mean of ERS, GRS, SRS across in situ and ex situ scores. 
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Table 1. Targeted Fennoscandian traditional vegetables with a European–Siberian region of diversity.
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	Species (Common Name)
	Annex 1 A
	Comments on Use B





	Allium ampeloprasum L. (Wild leek)
	No
	Bulbs used, previously cultivated



	Allium scorodoprasum L. (Sand leek)
	No
	Bulb used, previously cultivated



	Asparagus officinalis L. (Asparagus)
	No
	Young shoot harvested in spring



	Atriplex hortensis L. (Garden orache)
	No
	Leafy vegetable, previously cultivated



	Beta vulgaris L. (Beet)
	Yes
	Root crop, vegetable, sugar and fodder



	Brassica napus (L.) Mill. (Swede)
	Yes
	Root vegetable, also oil seed crop



	Brassica rapa L.(Turnip)
	Yes
	Root vegetable, also oil seed crop



	Campanula rapunculus L. (Bellflower)
	No
	Root and leafy vegetable



	Chaerophyllum bulbosum L. (Tuberous-rooted chervil)
	No
	Leafy vegetable, cultivation in decline



	Chenopodium album L. (Fat-hen)
	No
	Weedy plant, previously cultivated



	Chenopodium bonus-henricus L. (Allgood)
	No
	Leafy vegetable, previously a pot herb



	Chenopodium foliosum Asch. (Leafy goosefoot)
	No
	Leafy vegetable, previously cultivated



	Cichorium intybus L. (Chicory)
	No
	Leafy vegetable, roots also used



	Crambe maritima L. (Sea kale)
	Yes
	Leafy vegetable, previously cultivated



	Daucus carota L. (Carrot)
	Yes
	Root crop, commonly cultivated



	Lathyrus tuberosum L. (Groundnut peavine)
	No
	Tuber crops, flowers used for perfumes



	Nasturtium officinale R. Br. (Watercress)
	No
	Leafy vegetable



	Pastinaca sativa L. (Parsnip)
	No
	Root vegetable, wild types with sour root



	Peucedanum ostruthium Coch. (Master wort)
	No
	Root crop, previously cultivated



	Rumex acetosa L. (Garden sorrel)
	No
	Leafy vegetable, previously cultivated



	Rumex obtusifolius L. (Broad-leaved dock)
	No
	Leafy vegetable, previously cultivated



	Rumex patientia L. (Patience dock)
	No
	Leafy vegetable, previously cultivated



	Sanguisorba officinalis L. (Great burnet)
	No
	Leafy vegetable, rarely cultivated



	Angelica archangelica L. (Angelica)
	No
	Petioles, leaves and seeds used



	Armoracia rusticana (Lamm.) Gaertner. Mey and Scheb. (Horseradish)
	Yes
	Root crop, cultivated for its spicy taste



	Brassica nigra (L.) Koch. (Black mustard)
	Yes
	Seeds used to flavor food



	Carum carvi L. (Caraway)
	No
	Seeds used to flavor food



	Humulus lupulus L. (Hops)
	No
	Flowers cops used to flavor beer



	Levisticum officinale Koch. (Garden lovage)
	No
	Leafy herb, used for soups and salads



	Mentha spicata (L.) Huds. (Green mint)
	No
	Leafy aromatic plant, multiple uses



	Mentha suaveolens Ehrh. (Apple mint)
	No
	Leafy aromatic plant, multiple uses



	Myrrhis odorata (L.) Scop. (Garden myrrh)
	No
	Leafy herb, used as spice



	Origanum vulgare L. (Marjoram)
	No
	Leafy herb, used as spice



	Sanguisorba minor Scop. (Small burnet)
	No
	Leafy herb, multiple uses







A Annex 1 species under the International Treaty for Plant Genetic Resources in Food and Agriculture [8]. B Comments according to Zeven and Zhukovsky [2] and Høeg [12].
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Table 2. Overview of georeferenced GBIF occurrences of target species with the main cluster of occurrences and the total number of records in GBIF. In addition, as overview of the total number of accessions in genebank holdings GENESYS and how many of these that are classified as wild (natural, semi-natural or semi-wild), and again how many of these wild accessions are from Norway (NOR), Sweden (SWE), Finland (FIN) and Denmark (DEN). In brackets are the number of georeferenced accessions.
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Species

	
GBIF Occurrences

	
GENESYS (Ex Situ Conserved Accessions)




	
Cluster

	
Total

	
Total

	
Wild

	
NOR

	
SWE

	
FIN

	
DEN






	
Allium ampeloprasum

	
C + N Europe

	
11,841

	
869 (226)

	
147 (31)

	
0

	
0

	
0

	
0




	
Allium scorodoprasum

	
C + N Europe

	
16,197

	
35 (5)

	
24 (10)

	
1 (1)

	
0

	
0

	
0




	
Angelica archangelica

	
N Europe

	
30,784

	
139 (74)

	
71 (46)

	
1 (0)

	
4 (1)

	
12 (12)

	
2 (1)




	
Armoracia rusticana

	
Europe

	
34,447

	
168 (20)

	
15 (10)

	
0

	
0

	
0

	
2 (0)




	
Asparagus officinalis

	
Europe

	
57,252

	
302 (77)

	
62 (37)

	
3 (2)

	
1 (1)

	
0

	
8 (7)




	
Atriplex hortensis

	
C + N Europe

	
2815

	
299 (98)

	
31 (5)

	
0

	
2 (0)

	
0

	
0




	
Beta vulgaris

	
Europe

	
46,667

	
8826 (1600)

	
1324 (1016)

	
0

	
1 (1)

	
0

	
42 (7)




	
Brassica napus

	
Europe

	
34,438

	
8410 (408)

	
93 (13)

	
0

	
0

	
0

	
0




	
Brassica nigra

	
Europe

	
22,998

	
726 (96)

	
102 (65)

	
0

	
0

	
0

	
1 (0)




	
Brassica rapa

	
W + N Europe

	
27,724

	
7655 (1038)

	
182 (31)

	
0

	
1 (1)

	
0

	
4 (4)




	
Campanula rapunculus

	
Europe

	
70,183

	
47 (18)

	
41 (28)

	
0

	
0

	
0

	
0




	
Carum carvi

	
C + N Europe

	
61,961

	
473 (149)

	
244 (98)

	
59 (42)

	
2 (1)

	
12 (3)

	
3 (0)




	
Chaerophyllum bulbo.

	
C + N Europe

	
18,752

	
29 (2)

	
17 (9)

	
0

	
0

	
0

	
0




	
Chenopodium album

	
Europe

	
264,036

	
163 (46)

	
98 (67)

	
0

	
0

	
2 (1)

	
7 (4)




	
Chenopodium bonus-h.

	
C Europe

	
19,660

	
24 (6)

	
5 (3)

	
0

	
0

	
0

	
1 (1)




	
Chenopodium foliosum

	
C Europe

	
2087

	
15 (5)

	
7 (4)

	
0

	
0

	
0

	
0




	
Cichorium intybus

	
Europe

	
104,789

	
1137 (266)

	
302 (229)

	
1 (1)

	
3 (3)

	
0

	
9 (6)




	
Crambe maritima

	
W Europe

	
12,710

	
48 (16)

	
41 (22)

	
0

	
6 (0)

	
1 (1)

	
1 (1)




	
Daucus carota

	
Europe

	
364,475

	
6085 (1389)

	
1298 (1041)

	
3 (1)

	
7 (3)

	
0

	
12 (7)




	
Humulus lupulus

	
C Europe

	
177,294

	
2725 (277)

	
651 (356)

	
0

	
0

	
0

	
2 (1)




	
Lathyrus tuberosum

	
C + E Europe

	
34,197

	
0

	
0

	
0

	
0

	
0

	
0




	
Levisticum officinale

	
C + N Europe

	
2697

	
80 (13)

	
10 (0)

	
0

	
0

	
0

	
0




	
Mentha spicata

	
Europe

	
20,081

	
242 (58)

	
66 (9)

	
0

	
0

	
0

	
0




	
Mentha suaveolens

	
Europe

	
59,784

	
73 (17)

	
18 (14)

	
0

	
0

	
0

	
1 (1)




	
Myrrhis odorata

	
C + N Europe

	
18,799

	
37 (14)

	
19 (19)

	
2 (2)

	
4 (4)

	
0

	
2 (2)




	
Nasturtium officinale

	
C Europe

	
80,137

	
82 (50)

	
62 (50)

	
0

	
0

	
0

	
0




	
Origanum vulgare

	
C Europe

	
175,670

	
590 (306)

	
430 (296)

	
0

	
3 (3)

	
5 (3)

	
5 (3)




	
Pastinaca sativa

	
C Europe

	
136,457

	
470 (108)

	
102 (34)

	
1 (1)

	
2 (1)

	
1 (1)

	
1 (0)




	
Peucedanum ostruthium

	
N Europe

	
5027

	
25 (23)

	
20 (4)

	
0

	
0

	
0

	
0




	
Rumex acetosa

	
Europe

	
604,991

	
234 (5)

	
168 (102)

	
0

	
0

	
0

	
0




	
Rumex obtusifolius

	
Europe

	
358,346

	
44 (12)

	
39 (38)

	
0

	
0

	
0

	
0




	
Rumex patientia

	
C Europe

	
3307

	
30 (3)

	
19 (13)

	
0

	
0

	
0

	
0




	
Rumex scutatus

	
C Europe

	
22,798

	
23 (18)

	
16 (8)

	
0

	
0

	
0

	
0




	
Sanguisorba minor

	
C Europe

	
133,060

	
242 (38)

	
174 (65)

	
0

	
0

	
0

	
0




	
Sanguisorba officinalis

	
Europe

	
103,584

	
112 (55)

	
70 (64)

	
0

	
0

	
0

	
0








GBIF, Global Biodiversity Information Facility; C, Central Europe; N, Northern Europe; E, Eastern Europe; W, Western Europe.
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