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Abstract

:

The importance of legume crops in global agricultural systems is inevitable; conversely, less than 4% of European agricultural lands are dedicated for these plants. Besides total loss of biodiversity, agrobiodiversity is also in danger. The production of legumes diversifies arable plant production and supports the nutrient management of the agroecosystem, as well as that of the whole ecosystem. Increasing soybean production area means that other pulses are grown on smaller areas, that means a reduced resiliency of the whole production system. Expanding environmental stresses of climate change and intensive agricultural practices are easier to counteract with help of diversity on species and on genetic level as well. As a consequence of climate change and targeted breeding of the last decade, agricultural lands appropriate for soybean production shows an increase in Europe. The self-sufficiency rates of the European Union concerning single protein sources shows fluctuations. The easier utilization of soy-based products as forage displaces the use of other pulses, which are traditionally produced as protein crops. Besides protein flow, these leguminous plants have an important role in different levels of agricultural systems as well. Several recent initiatives aim to reduce the serious protein exposure of the EU. These programs, beyond the introduction and technological development of soybean production, always mention the strengthening of the role of other pulses. In this study, the last decades of EU pulse utilization were analyzed, using crop yield, crop harvested area, certified seed yield, seed production area, number of registered varieties, and the number of scientific publications as indicators to summarize trends of EU field bean, field pea, lupin, chickpea, lentil, and soybean production in the view of targeted protein initiatives.






Keywords:


field pea; field bean; soybean; lupin; chickpea; lentil; variety












1. Introduction


Belonging to the group of leguminous plants, pulses are annual crops that yield 1 to 12 seeds or grains in their pods. The size, color, shape and pattern of seeds shows high variance; they are utilized both for food and feed. Food and Agriculture Organization (FAO) defines “pulses’’ as those harvested exclusively for dry grain [1]. It excludes those crops that are harvested in green stage and used for food, such as green peas and green beans; these belong to the group of vegetable crops. Crops used for oil production, such as soybean and groundnuts, are also excluded; other leguminous crops used for sowing, such as clover and alfalfa, are also not classified here. Lentils, beans, peas, and chickpeas belonging to the group of pulses have a high importance in the general food basket, because they provide plant-based proteins and amino acids both for human and animal consumption worldwide [2]. Additionally, pulses have similar advantages in agricultural production with other leguminous plants. Their nitrogen fixation ability can support soil fertility and nutrient management [3].



The inclusion of legumes in the crop rotation contributes to the reduction in mineral and organic nitrogen sources, which are responsible for 25% of EU agricultural greenhouse gas emissions [4]; this enables up to 60 kg N ha−1 less fertilizer use [5]. Grain legume-based crop rotations are comparable with crop rotations excluding these crops, in terms of cost savings, especially in reduced tillage systems [5]. The long-term application of legumes has an outstanding positive effect on soil parameters [6]. Soil organic carbon (SOC) in the soil has an essential role when carbon exchange, soil conditions, and plant development is concerned, hence it must be taken into account, when global climate models are calculated as far as differences in agricultural production systems have higher impact on SOC than changes in climate [7]. Legumes as pre-crops are capable of increasing the yield of the following crops up to 10%; such positive trends were observed in the case of wheat, maize, and rapeseed, in comparison with rotations where cereals were the pre-crops [8]. Leguminous pre-crops can also contribute to the quality of cereals in terms of increasing protein content and lowering mycotoxin contamination [9].



Besides yield increase and quality enhancement, pulses provide additional advantages for farmers and local communities in an agroecosystem. Having a higher yield security, they can contribute to avoiding total crop losses or territorial underutilization in agricultural systems [10]. Pulses are good raw materials for food processing and promising alternatives to solve several challenges of the food industry [11]; their storability is much better than that of vegetables and fruits, especially when dried. Due to their high attractiveness to bees, and their ability to provide shelter to various wildlife animals, their contribution to the biodiversity of low-input agricultural systems is inevitable [5]. The by-products of pulses can be utilized for animal feeding, thus increasing food security. Their straw and other plant parts left on the field after harvesting can be ideal for ruminants as feedstuffs due to their protein and energy content [12]. When used as high-quality feed or fodder, pulses can contribute to milk and meat production as well. The promotion of pulses in agricultural production supports the efforts to decrease cereal and soybean content of feedstuff in intensive livestock systems [3].



Field bean (Vicia faba L.) is one of the most ancient food crops worldwide [13]. Soybean (Glycine max (L.) Merr.) is considered as the first and peas (Pisum sativum L.) are the second in the importance row of all feed legumes but broad bean follows them as the third one. Broad beans’ feeding value is based on both its protein and energy content, because of the high starch content, which is almost as high as in cereals, i.e., in barley. Among the several varieties, those small-seeded ones are preferred in animal husbandry, as they have limited vicine-convicine, tannin, and trypsin inhibitor substances [13]. Broad bean is a prospective choice to substitute soybean in European protein feeding; however, its amino-acid content is less complete [14,15]. Broad beans are an ideal protein and energy source in a husbandry diet, and it is easily accepted by ruminants because of its tasty features. Though the protein degradation in rumen is considerably rapid and provides sources mainly for microbe populations and the transformation losses are significant, it can be reduced by appropriate actions. Simple heat treatment will change the degradation percentage [16] and using extrusion has better results in an undegradable protein rate than in the case of soybean meal treatments, so it is more valuable than the other alternative pulse crops such as pea or lupin [17]. Broad bean seeds are a perfect protein and energy source for dairy cows and in pig farming during the finishing period. Daily ration for both species can contain up to 30% well treated seeds mixed in, but should be kept at 10% as the maximum limit in sow diet. Glycosides-free varieties of broad beans, especially in processed form, are ideal for any poultry diet. The daily ration must not exceed 20% in laying hen and meat chicken diet [3].



Peas (Pisum sativum L.) are rich (22–24%) in protein therefore they could serve as a substantial component of animal nutrition. Protein content of peas is higher than cereals’ but lower than oil seeds’. Regarding amino acid composition of peas, though it is well-balanced in lysine, it is poor in cysteine and methionine, which could cause problems for the species where sulphur-containing amino acids are essential ones [18]. Peas are high in starch and relatively low in fiber. Decreasing antinutritive compounds in peas such as trypsin inhibitors and tannins is the goal of many plant breeders. New cultivars of “protein peas” are tannin-free and low in trypsin inhibitors, so they could serve even in unprocessed form as a good, digestible protein source for monogastrics as well [19]. Peas can be part of the diet of dairy cattle with a maximum of 25%, 30% for steers for dairy cattle, 50% for dairy calves, and as a 100% source of protein for dairy heifers. Diet of sheep may contain a maximum of 20% and goats’ diet up to 15% of peas. Extrusion of peas improve their digestibility. In a pig starter diet, raw pea seeds should be used at a maximum of 10%, which can be increased up to 20% when it is extruded. With otherwise well-balanced amino-acid composition, ground raw peas could serve as the only source of protein in growing-finishing pigs’ diet. In case of meat chicken and laying hen, peas can give 30% of their diet, provided that it is balanced with synthetic amino acids [3].



Chickpea (Cicer arietinum L.) is an important legume in the Mediterranean Region, Asia, and Australia [3]. Worldwide it is the fourth largest pulse crop [20]. Concerning its production, chickpea needs lower manpower and external inputs than cereals [3]. Around 90% of chickpea is grown worldwide under rainfed conditions. On the basis of drought-induced decrease in yield, chickpea was the seventh from 13 examined legumes [21]. Lysine content of peas is markedly high, together with cysteine and methionine, and the threonine content may be deficient for monogastrics. Chickpea serves as a good source of minerals and vitamins [22,23]. The dietary value of chickpea for poultry and pigs is limited by trypsin and chymotrypsin inhibitors. The amount of these inhibitors depends on the genotype of chickpea. Its byproduct, the chickpea straw, has high nutritive values and can be fed by ruminants. One of the most important values of chickpea is that it can replace soybean meal and maize grain in ruminant diets with a maximum of 50% of the concentrate. In the case of pigs, chickpeas can be used in the diets of growing and finishing pigs with a maximum of 30% when extruded and 10–15% when it is in raw form. For a starter diet of pigs, the maximum amount of raw chickpea is 5–10%. For meat chickens and laying hens, daily dosage of heat processed chickpea shall not exceed 20% [3]. Chickpea could be one of the main alternative species substitute soybeans especially in arid circumstances, because of its better drought tolerance and the protein complexity. [24]



Water stress is one of the main challenges for the future farming. Comparing soybean, chickpea, and field peas it is found that soybean is less adaptive to drought by its root system than the other ones. It is in the upper 23 cm layer, under irrigated or rainfed conditions equally, but chickpea and field peas have deeper root systems. Thirty-four percent of the total root mass was below the upper layer in dry conditions and just 80% was found here under wet conditions [25]. In spite of better drought tolerance of field peas, it cannot compete with soybean on soils with higher salt concentration because pea is more sensitive to it, showed by shorter roots and less yield [26]. Dietary value of species of Lupinus genus is very varied, because several of them can be toxic to humans and animals. Alkaloids make their seed not only lightly toxic but make the taste unpalatable. It was Germany in the 1920′s where the first alkaloid-free varieties were selected and used as “sweet lupine”. These types can be part of humans’ or livestock’s daily diet without previous limitations [27]. Three species of lupins are cultivated for animal feeding worldwide. White lupin (Lupinus albus L.), blue lupin (Lupinus angustifolius L.), and yellow lupin (Lupinus luteus L.) species originated from the Mediterranean area [28]. Australia, Japan, Korea and several other Asian and European countries commonly use blue lupin in intensive animal farms even at an industrial level [29]. Lupin seeds are ideal for feeding to a wide range of animal husbandry because of their rich nutritional content [30]. Lupins are counted as significant protein sources but also have considerable lipid, mineral, and vitamin content. In addition to its nutritional value, they are rich in dietary fibers as well [31]. It is highly important to use non-toxic, alkaloid free cultivars so the current breeding programs are focused on selecting varieties with almost zero alkaloid content. Most modern lupin cultivars are cultivated as alkaloid-free types for feeding and for human consumption [32]. In contrast with soybean, studies proved that white lupin can uptake phosphorus from the soil with a higher rate, which is presumably based on lupin’s better arbuscular mycorrhiza symbiosis [33].



Lentil (Lens culinaris Medik.) is one of the oldest crops. Archeological excavations proved that it was cultivated and used for consumption more than 8500 years ago. Lentil’s edible seeds are mainly used for human diet but as a short annual crop, it has animal feeding value as well [34]. Lentils have high importance in India and all in the Middle East region in human diet; however, it is just at the sixth position in the worldwide ranking of pulses [35]. However, lentil is known as a pulse for higher humidity areas, studies were conducted that found it is worth selecting the current varieties on drought tolerance, and worth starting new plant breeding projects on enhanced drought tolerant ones [36]. Other studies found a strong connection between drought and heat tolerance; therefore, these selected varieties could work even in arid zones as well [37]. Lentil, like most of the other pulses, has anti-nutritional factors in the seeds, but they are traditionally inactivated by heat treatment or nowadays by microwave cooking [38]. During these processes, nutritional value will be increased [39]. Ruminants usually utilize lentil seeds and all the by-products effectively in daily rations. The straw is a valued feeding stuff for small ruminants (for goats and sheep). Lentil seeds are applicable up to 10% in pig diets during the finishing period, but in meat chicken daily rations can be doubled up to 20 %. However, it is not suggested to use it in laying hen rations. Omnivore species need a more balanced amino-acid supply than is found in lentil seeds, so crystalline amino-acid additives are recommended in pig and poultry farming diets [3].



In Europe, the role of grain legume plants was significant in human nutrition until the mid-20th century. The source of protein intake changed strongly with the increase in meat consumption. From the 1980s, soybeans and peas became the two most commonly grown protein crops for animal feed. There was an ongoing decline in legume production in Europe explained by a relative economic uncompetitiveness compared to more profitable crops such as cereals and the cheaper and full protein valued import soybeans and soy flour [40]. The EU’s self-sufficiency rates vary significantly when different protein sources are investigated. The EU depends on the annual import of approximately 17 million tons of crude proteins, which consists mainly of soy-based products—13 million tons, that is equal to 30 million tons soybean equivalent [41]. Soybean is the most expansively cultivated legume on the globe. Soybean meal is one of the most important feed ingredients used for animal feeding. It is widely believed that soybean is a relatively new crop in Europe; since its introduction 150 years ago, it has become the leading protein plant and one of the most ubiquitous crops in Europe. Accordingly, soybean harvest areas in the last two decades show a steep increase. European yields are as high as in the USA or in Brazil [41].



To intensify European soybean production, the Donau Soja Organization was founded in Vienna in 2012 with the aim to contribute to the development of European agricultural and food business through the intensification of soybean production for European utilization. The organization aims to support regional soybean production following a certain set of quality criteria [42]. In 2017, 14 European countries signed a declaration about supporting sustainable soybean and other legumes production in European regions, where profitable production is feasible. The organization encourages the use of locally adapted leguminous species and varieties in a sustainable system [42].



There are large fields in central and eastern Europe, which are suitable for protein crop production; instead, these are utilized very extensively with the production of a very low number of crops. Integrating protein plants, such as soybeans, field peas, or field beans, the biodiversity of agricultural fields can be enhanced, and the product can provide livestock feed as well. This could reduce feed import demands and enhance rural development. In 2017, the European Protein Plan was introduced with the goal to increase the area and yield of protein plants and, at the same time, decrease the protein dependency of the European Union. At EU member states level, breeding programs and developments in production technology were initiated [43].



The aim of the present study is to investigate the success of protein programs on pulse production diversification levels so far, using the number of scientific publications, the number of registered varieties, and the changes of seed production areas as indicators. Numbers and registration year of newly registered pulse varieties were collected based on the European Plant Database [44] and were analyzed for setting conclusions and recommendations.




2. Results


2.1. Scientific Articles Dealing with Leguminous Plants


Except for lupin, there is an exponential increase with a good fit in the number of published articles dealing with the investigated crop species and indexed by ScienceDirect (accessed on 11 November 2021) [45] in the period of 1999–2021 (Figure 1). The incline seems to be more intense in the last decade. The extent of increasing is different in the case of soybean and other pulses; the growth of the latter is less steep. The most actively studied species in this comparison is soybean with over 14,000 papers in 2021, followed by field bean and field pea with two-thirds and three-fourths less papers, respectively.




2.2. Harvested Area and Yield of Pulses


Concerning the data of the last 40 years, harvest areas of field pea show a permanent decrease within the EU, contrary to the production areas of soybean (Figure 2). Other protein crops show only moderate increases.



In contrast to area changes, average yield of the investigated crops shows a constant increase (Figure 3). This could be the result of technological developments and breeding work. The most significant rise is experienced in the case of soybean.




2.3. Number of Registered Leguminous Varieties


On 11 November 2021 there were a total of 579 soybean, 387 field pea, 156 field bean, and 30 white lupin varieties listed in the EU Plant variety database [44] (Figure 4). From the individual national catalogues, we found 72 varieties from chickpea and 14 varieties from lentil. At the country level, Italy has the largest number of varieties of other pulses and soybean together. France also has almost 160 registered varieties. At the EU level, there is a high number of varieties which are registered in more than one country (common).




2.4. Field Pea


In the last twenty years, the sum of harvested area of field peas has not changed significantly in the European Union (Figure 5), but the distribution between countries has [46]. In 2000, the most important field pea producers were France and Germany. Since then, in both countries, the area has halved. Furthermore, Austria has lost a big ratio from field pea production. The new leading countries in the production are Spain, Romania, and Lithuania.



Regarding the number of field pea varieties (Figure 6), France still maintains the leading role. By production area, Sweden and Poland are not the most important countries but are leaders by the number of varieties. According to the available data, Lithuania has only eight unique varieties on the list, but has another 14 in common with other countries.



When the data regarding new varieties registered in consecutive years is explored (Figure 7), it can be observed that there are only two field pea varieties accepted in the 1960s and four varieties in the 70s. Field pea production has long traditions in European countries, so the breeding and variety use shows this continuity. In 2018, the EU introduced the new Protein Plan which could have influenced the high number of new variety registrations in 2019.



The areas for field pea seed production show high fluctuations over the last 20 years (Figure 8). Between 2005 and 2015, it did not reach 30,000 hectares, then the production started to rise. The amount of certified seeds follows the changes in the production area. The leading seed producers are Czechia, Denmark, France, Germany, Spain, and Romania. Since 2012, two Baltic countries, Estonia and Lithuania are catching up.




2.5. Field Bean


The importance of field beans has increased in the last twenty years. Important countries such as France, Italy, Germany, and Poland have managed to increase the production area in this period. New member states, such as Lithuania, Finland, and Sweden, have entered the group of production leaders since 2000. There are three countries where the production has decreased in comparison with the data 20 years before: Portugal, Romania, and Croatia (Figure 9).



Comparing the order in production area and number of varieties, similarities cannot be observed: the highest number of varieties can be found in the French national list. Regarding production area, Italy and Lithuania would be expected to have a higher number of varieties, but Italy is in the midfield, Lithuania is at the end. It should be added that among common varieties registered on more than one national list, there are 14 varieties from Lithuania (Figure 10 and Figure 11).



Seed production area of field bean has been constantly increasing in the EU countries since 1999, with the amount of certified seed showing an exponential increase as well (Figure 12). The largest increase was the seed production area in 2016 and 2017, exceeding 20,000 hectares. The most important seed producer countries traditionally are Czechia, France, Italy, Poland, and Sweden. In 2019, more than 3000 hectares were registered in Finland and in Ireland for seed production, in contrast with the previous years, when the registered area was negligible.




2.6. Lupins


Both FAOSTAT, EUROSTAT, and European Seed Certfication Agencies Association (ESCAA) databases contain data about Lupins as aggregated at genus level, but no separate data were found for individual species. White lupin has the greatest importance as fodder; therefore, variety data collection was limited to this crop.



There are only a few countries in the EU where sweet lupins are produced. In the last twenty years, the production area in France and Spain has decreased, while in Germany, Greece and especially Poland an increase can be observed (Figure 13).



Despite the decreasing area, France still has the highest number of varieties of white lupin. Looking at the diversity of variety numbers, there are only a few ones present in the European Union (Figure 14).



The effect of the European Protein Plan can be observed by the registration of new white lupin varieties as well. In 2019 and in 2020, more than two new varieties were registered (Figure 15).



Eighty-five percent of EU lupin seed production areas are located in Germany and Poland (Figure 16). Gradually, lower areas are used for this purpose in France. Regarding the registered seed production areas, no permanent growth is seen, the yearly data are changeable. The amount of certified seed shows a moderate exponential decrease.




2.7. Chickpea and Lentil


In the Eurostat database, chickpea and lentil are not presented separately, but included in the group ‘other pulses’. Therefore, the data of FAOSTAT from 2000 and 2017 were used for analysis. There are eight countries in the European Union where chickpea was produced, mainly from the southern region. Between the two years an increase can be observed (Figure 17).



The harvest area of lentil is the lowest among the investigated crops (Figure 18). Between 2000 and 2017, a growth was experienced even in the case of leading producer countries, such as France and Spain. New countries, such as Greece and Italy, seem to intensify lentil production.



According to available datasets, it can be seen that lentil production is negligible in EU countries. Chickpea production is increasing, and the number of varieties is also higher, even exceeding that of white lupin (Figure 19).



Seed production areas for chickpea in the EU show an eight-fold increase in the last 20 years (Figure 20). Similarly, the amount of certified seed follows a steep increase. The leading chickpea producer countries are traditionally the Mediterranean countries: France, Italy, and Spain. Hungary is a constant, but low volume presence; Greece joined the producers in the last five years.



Similarly to commodity base, seed production of lentils covers a very small area in the EU (Figure 21). The highest seed production areas were reported in 2018, as nearly 3500 hectares. An increase started in 2014, since then, the area has doubled. The most important producer is France, where 85% of total areas are located. Spain has a permanent presence with smaller shares (200–300 ha), which increased to 667 hectares in 2018. The amount of certified seeds shows an exponential increase in the analyzed years.




2.8. Soybean


The most important soybean producer was and remains Italy. However, in the last twenty years new counties have entered among the leaders as producers, such as Germany, Czechia, and Poland. In France, the area has doubled. In Austria, it has tripled (Figure 22).



Examining the datasets about soybean varieties, the highest number of varieties is in Italy followed by Romania. There are 78 varieties, which are registered simultaneously in two or more countries (Figure 23).



From the tendency to register new varieties, the development of soybean production in the European Union can be observed. In the 1990s, less than ten new varieties were registered, which increased to over 20 after 2011. However, in 2019–2020, there were more than 60 new varieties registered to the national variety lists (Figure 24).



The seed production areas of soybean show a constant increase since 2012 (Figure 25). This upward trend was peaking in 2015 with a three-fold increase in the view of areas in 2012. A drastic decrease was seen in 2018, followed by a rise in 2019. There were four countries between 1999 and 2003 where soybean propagation materials were produced in more than a thousand hectares: France, Hungary, Italy, and Romania. In 2003, Austria joined the group. In 2018, there were nine EU member countries where the seed production areas exceeded 1000 hectares: Austria, Czechia, France, Hungary, Italy, Romania, and Slovakia. The amount of certified seed shows an exponential growth.





3. Discussion


With the analysis of harvest area changes of pulses and soybean of the last two decades in the European Union, it can be observed that the influence of soybean shows a significant increase. The production area of soybean was the highest in France and Austria, while new countries entered the production. Hence, the different protein plans were successful when the goal of reducing the dependence of the EU from external protein sources was discussed. On the other hand, the reduction in production areas of other pulses is experienced, mainly that of field pea. The two countries where the highest declines were seen, were France and Austria, so it seems that soybean displaced the field pea on arable lands.



The other goal of protein plans is to develop the production area and technology of the other pulses; similar tendencies can be observed in the case of field bean and, to a lesser extent, in the case of chickpea.



Comparing the numbers of varieties registered on national lists and the number of new registrations by year, a dynamic development of breeding efforts can be observed in the case of soybean in the last five years. The newly registered soybean varieties in recent years are about 60–70 per year, while this number is only about 40–45 and 10 in the case of field pea and field bean varieties, respectively.



Besides proper variety selection, high-quality, certified seed is the basis for successful and safe production. With the analysis of the seed production areas of the investigated crops, it is visible that seed production areas are constantly increasing in the case of field bean, chickpea, lentils, and soybean. This rise is not that obvious in the case of field pea and lupin; fluctuations are experienced in the trends.



Until the end of the 2010s, the seed production areas of field pea and soybean were almost equal. The same tendencies are true for the amount of certified seed. However, it is interesting that with the exception of lentil, a drastic decrease was experienced in 2018 regarding the amount of registered seeds.



Until the beginning of the 20th century, lentil was traditionally produced both in Hungary and Germany in an intercropping system, generally using cereals as support. Agricultural intensification pushed lentils into the background. With the widespread use of synthetic fertilizers and chemical pesticides, extensive areas utilized with lentils have become suitable for the production of economically more profitable crops. Besides, its weak competition abilities, its susceptibility to diseases in humid environments, and the extra costs of seed selection when produced together with other crops excluded lentil from intensive production [66]. In arid climates, lentils are produced in monoculture. With the increasing focus on protein crops, its production shows an increase again [67].



Areas for the production of soybean show a swift increase worldwide, especially in South America; natural habitats, pastures and other crop fields are sacrificed for this aim. Soybean is the major source of animal feed protein and the second most important oil crop following palm. The global production of this crop shows a double-fold increase in the last two decades, and a four-fold expansion since 1980 [35]. Seventy percent of the increase is explained by area growth, while the remaining was explained by yield enhancement [68].



There are studies about the responsibility of soybean production on deforestation of the rainforest [69,70,71]. The newly explored crop soybean in Europe could have a similar effect on agricultural structure. However, the amount of agricultural land is limited in the European Union, therefore soybean area can be increased only to the harm of other plants.



The higher number of species and varieties included in agricultural production is an advantageous trait for increasing agrobiodiversity and hence biodiversity. With the introduction of soybean in Europe, especially with breeding efforts to develop varieties with short vegetation periods, new countries can be involved in soybean production for internal EU markets. With this, the protein exposure of the European Union can be reduced. Parallel to these tendencies, the harvest areas of pulses are gradually decreasing; breeding efforts to register new commercial pulse varieties also decline in Europe. This means loss for the agrobiodiversity, increasing the internal dependence from a single protein crop and decreases the security of these sources at the EU level. As pulses have several advantages over soybean from an ecosystem point of view, i.e., higher nitrogen fixing ratio, or contribution to nutrient flow by the development of higher plant biomass, these species should not be totally neglected and replaced by soybean. Additionally, production of pulses has traditions in several EU countries, locally adapted landraces are often used in certain areas as part of the agricultural heritage, possessing as ingredients for special local culinary uses. The decline of pulse production can even threaten rural tourism from this perspective. On the other hand, the loss of these genetic materials also narrows down the genetic background for future pulse breeding and reduces the chance of registering new, modern varieties for commercial production.



The loss of biodiversity at the species level could be observed not only among wild species but in agriculture as well [72]. On the other hand, on a genetic level, loss of old varieties or landraces of cultivated plants is again an ongoing process [73]. Stress factors of plant production originating from the highly variable environment, such as rapidly drying agricultural lands, decreasing availability of irrigation water, or appearance of locally new pests and diseases all basically triggered by climate change, emphasize that farmers and plant breeders will need a wider access to plant genetic resources. Plant genetic resources could be the raw materials of providing enough nutritious food sources for the human population during an accelerated climate change that is threatening increasing levels of famine [74]. While ex situ conservation in gene banks is developing in many countries, this is mainly concerning staple crop species and non-staple ones are still generally under-represented in these collections [75]. In situ conservation of crop species and varieties within the agroecosystem is of utmost importance because that is how these genetic resources could change and follow the changing environment [74], showing us their abilities to fight different stress factors [76]. Further research can explore new sources of genetic diversity and subsequently new opportunities for plant breeders [77].




4. Materials and Methods


Using the online available literature database of ScienceDirect, the number of those scientific articles dealing with pulses were collected, which were published between 1999–2021. The common English names of investigated crops (“field bean”, “field pea”, “lentil”, “chickpea”, “lupin”, “soybean”) were separately used as keywords for searching. The total number of studies are inclusive to all article types, publication titles, and subject areas. For the collection of indicators, online and publicly available databases were used. For the harvested area and yield results FAOSTAT and EUROSTAT databases were used (accessed on). Seed production area and certified seed quantity data were collected using the online database of European Seed Certification Agencies Association (ESCAA).



For the analysis of breeding activity regarding the investigated pulses, the EU Common Plant variety database was used. The number of registered pulse varieties were used as indicators in the present study.



The National Variety List is an official list of a country containing agricultural plant varieties. Seed units registered in a European Union Member State or in the common catalogue of varieties of the European Union may be produced (with the marketing purpose) and marketed in the European Union. A new variety must fulfill several conditions to be registered on the national list and will be included in the common catalogue of varieties of the European Union by the European Commission.



Varieties of field crops and vegetables are included in the national variety list for a period of ten years. Without any examination of the variety, this period can be renewed for another 10 years. After expiring the second ten years, the breeder or maintainer can ask for an extension. In this case, the variety should be examined for the basic characters again. Not all arable plant crops produced in the EU are presented in the common and national variety lists. In the case of commercially less important plants, the variety use is optional; chickpea and lentil are only optionally listed plants. This means that if there is only one listed variety name from these plants in the catalogue, only the seeds of that one should be handled as a variety. In other cases, the use of propagation material from these species is not regulated.



The present research used the EU Plant variety database (v.3.4) [44] accessed on 11 November 2021. The variety names of soybean, field bean, field pea, and white lupin was retrieved from the database and numbers of varieties were defined per species. While lentil and chickpeas are only optionally listed species, the names were collected from the national variety catalogues of 25 member states where it contains these data; number of varieties per species were used. By searching the national variety list of the member states separately, the number of varieties registered to the national variety lists were collected by year between 1964 and 2021. In the case of varieties registered in more than one country, the first date of entering was used.



Although freely available, national databases use their native language, therefore when needed, Google Translator was used to support data access and retrieval. Another obstacle is that there is no uniform nomenclature for the names of national variety lists, therefore, general keywords are not applicable. Additional efforts were needed when a country used Cyrillic characters. Due to the non-uniformized surface of each webpage, automatized data harvesting was impossible, therefore manual data collection had to be performed, using Microsoft Office Excel as a means of data aggregation. The format of national lists was also different; PDFs were searchable, but not importable, while in the case of online search interfaces, only page-by-page manual data collection was possible, as data import was generally not an option.



With the collection of variety related data, a database was set up in .xls format (Supplementary File S1), which contained all the registered variety names of field bean, field pea, lentils, chickpea, soybean, and lupin varieties, the time of their registration in relation with the country where it was registered, and the code or name of variety maintainer. Using this code, detailed data about variety maintainers can be retrieved from the EU plant variety database.




5. Conclusions


Based on the investigated indicators (crop yield, crop harvested area, certified seed yield, seed production area, number of registered varieties, and the number of scientific publications), the European protein programs had a positive impact not only on soybean, but also encouraged the production of field, bean, chickpea, lentils, and to a lesser extent, of lupins as well. Where new variety registrations are concerned, this positive effect is true only for soybean.



Publicly available data on land area and variety use of soybean and pulses show that the role of soybean is increasing in the European Union. At the same time, pulses show a decline in the investigated parameters, which means a serious loss on agrobiodiversity, on ecosystem services, on the agricultural heritage and future breeding efforts for locally adapted commercial varieties. Therefore, special attention should be paid to the enhancement of pulse production in the EU.








Supplementary Materials


The dataset containing data regarding investigated pulse crop varieties (names and year of registration on a country basis) can be downloaded at: https://www.mdpi.com/article/10.3390/stresses2010008/s1.
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Figure 1. Number of scientific publications dealing with field peas, field bean, lupin, lentil, and soybean indexed by ScienceDirect [45] (accessed on 11 November 2021). 
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Figure 2. Harvested area of protein crops and soybean in the EU between 1980–2020 [35]. 
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Figure 3. Average yield of protein crops and soybean in the EU between 1980–2020 [35]. 
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Figure 4. Number of varieties registered on the national variety lists of EU countries in 2021 [44]. Legend: * data from individual national catalogues; common: varieties registered in the national variety list of more than one country (overlapping). 
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Figure 5. Harvested area of field pea in EU countries in 2000 and 2019 [46]. 






Figure 5. Harvested area of field pea in EU countries in 2000 and 2019 [46].



[image: Stresses 02 00008 g005]







[image: Stresses 02 00008 g006 550] 





Figure 6. Number of field pea varieties in EU countries [44]. 
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Figure 7. Number of field pea varieties according to registration year from the national variety lists of the EU member states [47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64]. 
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Figure 8. Area of field pea seed production and amount of certified seeds between 1999–2019 in the EU member states [65]. 
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Figure 9. Harvested area of field bean in EU countries in 2000 and 2019 [46]. 
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Figure 10. Number of field bean varieties in EU countries [44]. Tendencies of new variety registrations are similar to those of the field pea (Figure 11). There are some old varieties on the list and the highest number of varieties was found in 2019. 
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Figure 11. Number of field bean varieties according to registration year from the national variety lists of the EU member states [47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64]. 
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Figure 12. Area of field bean seed production and amount of certified seed between 1999–2019 in the EU member states [65]. 
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Figure 13. Harvested area of sweet lupin in EU countries in 2000 and 2019 [46]. 
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Figure 14. Number of white lupin varieties in EU countries [44]. 
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Figure 15. Number of white lupin varieties according to registration year from the national variety lists of the EU member states [47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64]. 
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Figure 16. Area of lupins seed production and amount of certified seed between 1999–2019 in the EU member states [65]. 
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Figure 17. Harvested area of chickpea in EU countries in 2000 and in 2017 [35]. 
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Figure 18. Harvested area of lentil in EU countries in 2000 and in 2017 [35]. 
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Figure 19. Number of chickpea varieties in EU countries [47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64]. 
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Figure 20. Area of chickpea seed production and amount of certified seed between 1999–2019 in the EU member states [65]. 
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Figure 21. Area of lentil seed production and amount of certified seed between 1999–2019 in the EU member states [65]. 
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Figure 22. Harvested area of soybean in EU countries in year 2000 and 2019 [46]. 
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Figure 23. Number of soybean varieties in EU countries [44]. 
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Figure 24. Number of soybean varieties according to registration year from the national variety lists of the EU member states [47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64]. 
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Figure 25. Area of soybean seed production and amount of certified seed between 1999 and 2019 in the EU member states [65]. 
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