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Abstract Crop landraces are genetically variable 
populations of agricultural plant species that through 
natural evolution and farmers’ selection and continu-
ous cultivation have been adapted to the environment 
of their origin or cultivation. To be used and offi-
cially traded, there are more lax or strict registration 
schemes throughout the world concerning the appli-
cation of distinctiveness, uniformity, stability (DUS) 
system. This review discusses the legislative frame-
work of various countries worldwide and evaluates 

its application efficiency with a detailed focus on 
European Union (EU) experience. Especially in EU, 
landraces must be registered as conservation varie-
ties in the European Catalogue of Varieties. A total 
of 313 agricultural and 173 vegetable conservation 
varieties were registered in the European Catalogues 
from 2013 to 2021. However, it is not clear how 
many of these registries are landraces because obso-
lete varieties are also included under the term con-
servation varieties. Moreover, our review reports the 
importance of landraces for the FAO (Food and Agri-
culture Organization of the United Nations) and EU 
strategies, namely ‘Farm to Fork’ and ‘Biodiversity’. Supplementary Information The online version 

contains supplementary material available at https:// doi. 
org/ 10. 1007/ s10722- 023- 01824-0.
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Additionally, the DUS criteria were evaluated for 
their use when a crop landrace is registered taking 
into consideration the genetic structure of a landrace. 
Furthermore, the connection of landraces with Farm-
ers’ Rights, their appropriateness for organic agricul-
ture, and trade issues are discussed. Finally, the new 
proposal of European Commission on Plant Repro-
ductive Material concerning landraces is critically 
reviewed and improvements are suggested.

Keywords Conservation varieties · Crop landraces · 
European catalogue of varieties · Genetic resources · 
Seed legislation · Seed registration

Introduction

Defining landraces

There are several definitions of the term landrace 
(Zeven 1998; Villa et  al. 2005; Negri et  al. 2009; 
Casañas et al. 2017). According to FAO (2019a), lan-
draces are often “genetically and phenotypically het-
erogeneous, adapted to the environmental conditions 
of their cultivation areas, suited to the production 
systems and local culinary preferences and are gen-
erally associated with traditional farming systems”. 
They are the product of breeding or selection carried 
out continuously, deliberately, or otherwise, by farm-
ers over many generations. Landraces tend not to be 
genetically uniform and contain high levels of genetic 
diversity (FAO 2019a). Landraces are also known as 
indigenous varieties, native varieties, traditional vari-
eties, local varieties, autochthonous varieties, folk 
varieties, heirloom varieties, local cultivars, and farm-
ers’ varieties (Adhikari 2019). Crop landraces are 
practically covering all agricultural species, annual 

and perennials, and they relate to crop domestication 
(Meyer 2012; Purugganan 2019).

Why, how, and where landraces are maintained

Before the extensive use of cultivars (scientifically 
improved varieties) in the twentieth century the crop 
production relied exclusively on landraces (Casañas 
et al. 2017). The gradual use of cultivars, during the 
industrialization and intensification of agriculture 
with the prospect of the economic profit, caused the 
reduction or even in some countries the disappear-
ance of thousands of landraces which inevitably led 
to genetic erosion both at interspecies and intraspe-
cies level (Hammer and Teklu 2008; Ford-Lloyd et al. 
2009).

Landraces (including both annual and perennial 
species) originated after the domestication of wild 
species and creation of agricultural primitive forms 
all over the world (Byrne et al. 2020). Their popula-
tions spread through human movements, trade, and 
environmental changes in the new lands of cultivation 
and the new farmers’ choices were among the key 
components of landraces diversification in the new 
areas that were transferred (Harlan 1992; Casañas 
et al. 2017).

Despite the immense changes brought about by the 
introduction of cultivars under the Distinctiveness, 
Uniformity and Stability (DUS) system (for “culti-
var” definition please see Section “The history of 
landraces legislation”) and the dramatic reduction of 
landraces, several of them particularly of certain agri-
cultural species are still cultivated and play an impor-
tant role for local or national economies, the latter 
applies particularly for underdeveloped countries. A 
recent review of the European cultivated agrobiodi-
versity situation showed that there are 19,335 geo-ref-
erenced landrace cultivation sites and 141 herbaceous 
and 48 tree species cultivated as landraces (Raggi 
et  al. 2022). But genetic erosion has dramatically 
reduced landraces diversity, like in Southwest China, 
where from 1998 to 2008 the households using maize 
landraces were reduced by 56% in Guangxi and 66% 
in Yunnan provinces respectively (Li et  al. 2012; 
Ficiciyan et al. 2018).

Landraces are frequently cultivated in diverse 
environmental and marginal lands under various 
management practices, under organic and low input 
systems contributing to the income of farmers who 
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work in harsh conditions where conventional agri-
culture cannot be easily carried out (Ceccarelli 1994; 
Bencze et al. 2020; Raggi et al. 2021). In fact, due to 
their cultivation for many centuries in various micro-
climates and under specific cropping practices such 
as rainfed and polyculture farming, landraces, pre-
sent adaptive traits to various abiotic stresses such as 
water deficiency, salinity, low chemical inputs (Pin-
heiro de Carvalho et  al. 2003, 2004; Ganança et  al. 
2007, 2015, 2018; Gouveia et al. 2020a; Ntanasi et al. 
2023).

Landraces of olive trees, fig trees, grapevines, 
pulses, and other crops flourish in Mediterranean 
countries, or in Canary Islands and contribute to their 
economy (Negri 2003; Thomas et  al. 2012, 2013; 
Casañas et al. 2017; Pinheiro de Carvalho et al. 2019, 
2022; Antunes et  al. 2021; Giupponi et  al. 2021; 
Raggi et al. 2021, 2022). Value-added landrace prod-
ucts, such as the product “Farro” from “Monteleone 
di Spoleto”, named after the town, an old landrace 
of emmer wheat (Triticum dicoccum L.), cultivated 
in Umbria, central Italy, costs about 10 euros €/kg 
in town markets (Negri 2003). Santorini fava that is 
produced from a Spanish vetchling (Lathyrus cly-
menum L.) landrace costs 20 €/kg (Ralli et al 2020). 
The economic analysis on certain agricultural hold-
ings, proved that the cultivation of landraces can pro-
vide both economic and environmental sustainability 
even for small farm sizes (Karanikolas et al. 2017). In 
Madeira, Island of Portugal, the sweet potato, corn, 
common bean, grapevine and apple-tree landraces are 
cultivated in small farms and some of their products 
are protected by Demarcated Region (DR), Protected 
Denomination of Origin (PDO) or Protected Geo-
graphic Indication (PGI) and constitute local brand, 
i.e. the Madeira Wine, Madeira cider or sweet potato 
bread (Pinheiro de Carvalho et  al. 2019; Antunes 
et al. 2021). In a EU survey carried by Caproni et al. 
(2020) found that 54% of landraces’ products are 
sold in local markets, 21% at national level, and 4% 
at international level. On other regions of the world, 
landraces are still playing important role on people’s 
nutrition for example corn (Zea mays L.) in Mexico 
(Guzzon et  al. 2021), taro (Colocasia esculenta L. 
Schott) in Côte d’ Ivoire (Koffi et  al. 2021), potato 
(Solanum tuberosum L.) in Andes (de Haan et  al. 
2019) or African yam bean (Sphenostylis stenocarpa 
Hochst. ex A. Rich. Harms) in Central Africa (Kony-
eme et al. 2020) and many other examples.

Besides advantages related to specific adaptation 
to biotic and abiotic stresses and farming practices, 
landraces have often been maintained in cultivation 
due to their cultural value for farmers and local com-
munities owing to their tastes, shapes, and colours 
and or use in special dishes or occurrences. Literature 
reports that even feasts on occasion of particular reli-
gious celebrations (e.g. Saint Patron, Saint Donato in 
Lefkada-Greece) and contests for the best landrace 
product can contribute to keep a particular landrace 
in cultivation in Europe (Papa 1996, 1999; Castellini 
2005; Stavropoulos et al. 2008; Ralli 2010; Ralli et al. 
2011; Negri 2012; Mendes Moreira et  al. 2014), as 
reported also in other continents (Bellon and Brush 
1994; Deepak 2010).

In other words, cultural differences among peo-
ple of the European melting pot also account for the 
numerous landraces still cultivated (Galluzzi et  al. 
2010). In this respect traditional uses and produc-
tion of high-quality food is certainly among the main 
factors that allowed the maintenance of landraces in 
Europe and elsewhere despite the wide diffusion of 
cultivars. The analysis of a collection of 95 case stud-
ies of both garden and open field landraces (Raggi 
et al. 2021) also showed that actions of landrace prod-
ucts promotion can significantly affect the landrace 
added value and maintenance on the territory.

The history of landraces legislation

Until the beginning of the twentieth century, that lan-
draces were the dominant cultivated genetic resource, 
there was no system for variety registration. With 
the intensification of agriculture, the plant breeding 
industry developed and created a system to protect its 
intellectual rights (Plant Breeder’s Rights-PB Rights) 
and to ensure the final users (i.e. the farmers) about 
seed quality and compliance with the declared traits 
of a variety. This can be achieved through a legisla-
tion system that requires the cultivar registration and 
fulfilments of the DUS and VCU (Value for Cultiva-
tion and Use) testing.  The first report of cultivated 
varieties (synonym cultivar) regulation is dated on the 
1st of August 1905 in France (Dupont 1960; Revilla 
et al. 2022). In 1942, the Permanent Technical Com-
mittee on Seeds, consisted of seed industry represent-
atives and government scientists, determined the DUS 
criteria for defining the cultivars (Chable et al. 2009). 
The introduction of PB Rights increased further the 
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importance of within-variety uniformity since 1940s 
leading to the harmonisation with the International 
Convention on the Protection of New Varieties of 
Plants (UPOV) in 1961 (Louwaars 2018). Interna-
tional Convention for the Protection of New Varie-
ties of Plants (UPOV 1961) includes in Article 1 the 
definition of variety as a plant grouping within a sin-
gle botanical taxon of the lowest known rank, which 
grouping, irrespective of whether the conditions for 
the grant of a breeder’s right are fully met, can be:

• Defined by the expression of the characteristics 
resulting from a given genotype or combination of 
genotypes,

• Distinguished from any other plant grouping by 
the expression of at least one of the said character-
istics and

• Considered as a unit with regard to its suitability 
for being propagated unchanged

and in Article 5 clearly states that: The breeder’s 
right shall be granted where the variety is:

(i) new, (ii) distinct, (iii) uniform and (iv) stable. 
This definition is further clarified by the Explanatory 
Notes of UPOV (2010) which also states that: A vari-
ety which fulfils the DUS criteria will meet the defi-
nition of variety. According to the International Code 
of Nomenclature for Cultivated Plants (ICNCP) “The 
basic category of cultivated plants whose nomencla-
ture is governed by this Code is the cultivar” and “A 
cultivar, as a taxon, is an assemblage of plants that (a) 
has been selected for a particular character or com-
bination of characters, and (b) remains distinct, uni-
form, and stable in these characters when propagated 
by appropriate means” (Brickell et al. 2016). So, the 
above definitions include the DUS criteria but they 
use different terms (variety and cultivar). For other 
authors (Rey et al. 2021), such as in LIVESEED pro-
ject, they are proposing a broader “cultivar” defini-
tion: “The term ‘cultivar’ is used, as defined in the 
LIVESEED project, as the generic term of reference 
for any crop, including therefore ‘heterogeneous cul-
tivars’ that fall into the category of organic hetero-
geneous material (OHM).” The introduction of Plant 
Breeder’s Rights increased further the importance of 
within-variety uniformity since 1940s leading to the 
harmonisation with the International Convention on 
the Protection of New Varieties of Plants (UPOV) in 
1961 (Louwaars 2018). According to the same author 

‘plant breeding intends to combine as many ‘favour-
able traits’ as possible in one genotype or maximise 
the presence of such traits in one population. Diver-
sity within the variety is thus reduced. ‘Conventional’ 
Plant Breeding usually, although depending on the 
method used on a certain crop, can be a major driver 
of uniformity in a farmer’s field. In 1966 the Com-
mon Catalogue was created by European Community 
in which about 20,000 cultivars were registered (Cha-
ble et al. 2008).

With this background the first initiations for lan-
draces’ registration were take place in Italian Regions 
where they started quite early to protect their local 
genetic resources, and landraces in particular, by law 
(the first Italian regional law dated 1997, i.e. Tuscany 
Law no. 50/1997), these laws were then followed by 
a specific Italian national law (i.e. law no. 194/2015, 
December 1st). In 1998, for the first time, the Euro-
pean Directive 98/95/CE (EC 1998) mentioned the 
essentialness to ensure the conservation of genetic 
resources and the necessity to introduce a legal basis 
to that end to permit, within the framework of leg-
islation on the seed trade, the conservation, by use 
in  situ, of varieties threatened with genetic erosion. 
The next important step was on 20 June 2008 with 
the Commission Directive 2008/62/EC (EC 2008) 
“providing for certain derogations for acceptance of 
agricultural landraces and varieties which are natu-
rally adapted to the local and regional conditions and 
threatened by genetic erosion and for marketing of 
seed and seed potatoes of those landraces and vari-
eties” and successively the Commission Directive 
2009/145/EC (EC 2009). Those two European Direc-
tives include under the term “conservation varieties” 
both landraces and obsolete varieties (cultivars or 
improved varieties of recent past). The second Euro-
pean Directive introduces, besides the conservations 
varieties, also the category of “Varieties developed 
for growing under particular condition” (VDGuPC), 
varieties with no essential value for commercial agri-
culture but developed for growing under particular 
conditions. Moreover, the reference to landraces is 
included in EU recent documents, like Farm to Fork 
Strategy (COM/2020/381) (EC 2020) and EU Bio-
diversity Strategy for 2030 EC (2021a, b) and resil-
ience (EC 2021c). Other countries in the world have 
also their own laws concerning landrace registration, 
use and trade (Perera and Adhikari 2019; Shrestha 
2019; Kuhlmann and Dey 2021). Thus, landraces 
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have been recognized by the European Union (EU) as 
well as other countries by the application of special 
legislations.

Here we examine the genetic structure of landraces 
as fundamental criterion for the appropriateness of 
different legislation systems regarding landrace regis-
tration. Also, landraces’ mixtures are presented as a 
farmers’ practice that it is applied still nowadays. We 
are reviewing different legislation systems all over 
the world and we are emphasizing on the EU legis-
lation system searching for the connection with EU 
policies and the progress that has been achieved from 
the previous review of Spataro and Negri (2013) as 
well as the constraints and the delays that have been 
raised. Finally, we discuss how these systems can be 
improved formulating proposals in general and spe-
cifically for the new EC proposed Regulation on Plant 
Reproductive Material with the aim to protect lan-
draces which are important genetic resources with on 
farm conservation and to ensure farmers’ rights con-
nected with their cultivation and trade.

Landraces’ genetic structure

Many studies highlight the phenotypic diversity 
and heterogeneity among landrace populations, as 
indicated in Table  1 while others underline also the 
within population heterogeneity. The results of an 
experiment with 215 Ethiopian durum wheat lan-
draces evaluated for their genetic diversity using SNP 
(single nucleotide polymorphisms) markers high-
lighted a high genetic diversity within population of 
landraces and that the total variation within accession 
was higher than the total variation among populations 
(Negisho et al. 2021).

Research evaluating onion landraces found that 
a great genetic variation existed within populations 
(Rivera et al. 2016; Ricciardi et al. 2020). These find-
ings concerning between and within landraces popu-
lations diversity are also supported by the study of 
52 wheat populations (dos Santos et al. 2009, 2012), 
50 common bean (Freitas et al. 2011; Gouveia et al. 
2014) and 43 corn (Pinheiro de Carvalho et al. 2008) 
populations from Madeira. In Portugal landraces of 
other crops such as apple-tree, taro and sweet potato 
are still used as dynamic populations continuously 
selected for their production or quality traits exhib-
iting great inter and intra-populations variation in 

specific traits (Ganança et al. 2018; Pinheiro de Car-
valho et  al. 2018, 2019; Gouveia et  al. 2020b, c). 
Interestingly Pagnotta et al. (2005) found that the Syr-
ian landrace Haurani has high genetic polymorphism 
for glutenins and RFLPs, both between (60%) and 
within (40%) sampling locations and genetic diversity 
is also related to the geographic distance between the 
collection sites.

Bulgaria is characterized as one of the richest 
countries with plant diversity in the Balkans. Dur-
ing the expedition, carried out in 2019–2021 with 
the support of the Bulgarian Ministry of Education 
and Science under the National Research Programme 
“Healthy Foods for a Strong Bio-Economy and Qual-
ity of Life”, 85 accessions from different species 
(cereals, legumes, vegetables, and medicinal plants) 
were collected and stored at Sadovo Gene Bank spe-
cies (Velcheva et  al. 2022). High variability based 
on agronomical traits was observed in most of the 
collected accessions. For example, the diversity in 
Bulgarian faba bean (Vicia faba) landraces studied 
was due to their different geographical origin (the 
country contains three phyto-climatic areas: Central-
European, Mediterranean, and Euro-Asian steppe and 
forest regions). The high genetic diversity in the col-
lection among the accessions of faba bean landraces 
was influenced by the significant variability in some 
morphological traits (Velcheva and Petrova 2020). 
In twenty local and introduced lupin (Lupinus albus) 
genotypes the estimated broad sense heritability and 
expected genetic advance were higher for some of the 
traits (Petrova 2022a). The genetic diversity within 
the local Bulgarian accessions of grass pea (Lathy-
rus sativus) was proved through the variability of the 
studied traits (Petrova 2022b).

Research in tomato (Terzopoulos and Bebeli 
2008a, 2010; Terzopoulos et al. 2009), pepper (Ralli 
et  al. 2011) and cowpea (Lazaridi et  al. 2017a, b), 
through the study of their phenotypic diversity, high-
lights the high genetic variability between and within 
landraces. Cowpea mixtures of different morpho-
types found recently in Tinos Island (Supplementary 
Fig.  1). In Uzbekistan, an inventory conducted in 
2010–2013 from the 30 wheat landraces collected 
showed that 10 were mixtures of different morpho-
types (Baboev et al. 2021).

Caproni et  al. (2020) drew the conclusion that 
landrace populations—either predominantly auto-
gamous or allogamous species—retain remarkable 
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Table 1  Phenotypic variation and heterogeneity among and within landraces populations in some crops

Genus species Common name Examined 
popula-
tions

Pva HaPb HwPc References

Abelmoschus esculentus (L.) Moench Okra 50 n/ad Yes n/a Kyriakopoulou et al. (2014)
Allium cepa L. Onion 31 n/a Yes n/a Rivera et al. (2016)

13 n/a n/a Yes Ricciardi et al. (2020)
Allium sativum L. Garlic 31 Yes n/a n/a Polyzos et al. (2019)

29 Yes n/a n/a Avgeri et al. (2020)
27 Yes Yes Yes Papaioannou et al. (2023)

Anethum graveolens L. Dill 33 Yes Yes n/a Ninou et al. (2017)
Apium graveolens L. Celery 6 Yes Yes Yes Torricelli et al. (2013)
Brassica oleracea var. capitata L. Cabbage 21 Yes n/a n/a Padilla et al. (2007)

n/a n/a Yes n/a Chiang et al. (1993)
5 n/a n/a Yes Dias et al. (1994)

Capsicum annuum L. Pepper 5 n/a Yes Yes Lanteri et al. (2003)
139 Yes Yes n/a Ralli et al. (2011)

Cicer arietinum L. Chickpea 1082 Yes n/a n/a Vishnyakova et al. (2017)
202 Yes n/a n/a Awol and Bulti (2019)

Citrullus lanatus L. Watermellon 82 Yes n/a n/a Singh et al. (2018)
Cucumis melo L. Melon 6 Yes Yes Yes Somma et al. (2021)
Cucurbita moschata D. Winter squash 27 Yes Yes Yes Lorello et al. (2020)
Cucurbita pepo L. Summer squash 36 n/a Yes n/a Dakir et al. (2002), Xanthopoulou et al. 

(2015)
Hordeum vulgare L. Barley 120 Yes n/a n/a Gadissa et al. (2021)
Lathyrus sativus L. Grasspea 25 n/a Yes n/a Mekonen et al. (2022)
Lactuca sativa L. Lettuce 51 Yes n/a n/a Šuštar-Vozlič et al. (2021)
Lens culinaris Medik Lens 40 n/a Yes n/a Gleridou et al. (2022), Sharma et al. 

(2022)
Nicotiana tabacum L. Tobacco 53 Yes Yes n/a Ralli et al. (2012)
Oryza sativa L. Rice 33 n/a n/a Yes Pusadee et al. (2009)

24 n/a Yes Yes Pusadee et al. (2019)
Petroselinum crispum (Mill.) Nyman 

ex A.W. Hill
Parsley 24 Yes Yes n/a Boutsika et al. (2021)

Phaseolus vulgaris L. Common bean 33 n/a Yes Yes Lioi et al. (2005)
5 Yes Yes Yes Tiranti and Negri (2007)

Pisum sativum L. Pea 120 n/a Yes n/a Lázaro and Aguinagalde (2006)
Solanum lycopersicum L. Tomato 34 Yes Yes Yes Terzopoulos et al. (2009), Terzopoulos 

and Bebeli (2008a; 2010)
25 Yes Yes Yes Mazzucato et al. (2010)
9 Yes Yes Yes Cattáneo et al. (2020)
64 n/a Yes Yes Caramante et al. (2023)

Solanum melongena L. Eggplant 36 Yes Yes n/a Ganopoulos et al. (2015)
Triticum aestivum L. Bread wheat 52 Yes Yes Yes dos Santos et al. (2009)

380 n/a Yes Yes Pascual et al. (2020)
Triticum durum Desf. Durum wheat 215

58
Yes
Yes

Yes
Yes

Yes
n/a

Negisho et al. (2021), Pagnotta et al. 
(2005)

Vicia ervilia (L.) Wild Bitter vetch 49 Yes Yes Yes Livanios et al. (2017)
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levels of genetic diversity. Most of the research men-
tioned above, as well as others, underline that there is 
great inter and intra population diversity in landraces 
(Table  1). Other research using molecular methods 
highlights that there is a great genetic diversity among 
and within landraces (Arca et al. 2021; McLean-Rod-
ríguez et  al. 2021). These findings emphasize even 
more that landraces are a dynamic genetic resource 
consisting of various genotypes and/or populations 
and even sometimes of species that change over time 
under various pedoclimatic conditions and farmers’ 
choices.

The application of DUS legislation system 
on landraces

When the Directives for the landraces’s registration 
were written, the diversity status of landraces was 
ignored or underestimated and therefore landraces 
were considered as uniform varieties. Following the 
gradual realization that, despite the immense genetic 
erosion, landraces still exist and present genetic and 
economic value, the need to include them in a regis-
tration system was recognized. Some countries, like 
India, Peru (Kuhlmann and Dey 2021), and Switzer-
land (Batur et al. 2021) have more flexible approaches 
on landraces registration, or in the case of Brazil the 
informal sector is recognized (Kuhlmann and Dey 
2021). Other countries including EU countries, and 
some African countries (ibid.), instead of creating an 

appropriate legislation system for landraces, exam-
ined them for registration with the DUS system. In a 
review on seed policies by Commission on Genetic 
Resources for Food and Agriculture (FAO 2019b) 
from a sample of 94 countries, it was found that 69% 
of them are using DUS criteria, 37% applied the Cul-
tivation and Use of VCU system and 24% did not indi-
cate any registration requirements or other than DUS 
or VCU testing The application of VCU requests an 
added value usually in terms of yield in comparison 
to other registered varieties which is not a safe crite-
rion of landraces (ibid.) because it cannot be fulfilled. 
As for DUS system, also previously mentioned, is not 
appropriate for landraces, in the scale of Uniformity 
and Stability due to their genetic diversity. Instead 
of creating a suitable system for landraces registra-
tion, the insertion of derogations and exceptions was 
invented to provide a solution. As Spataro and Negri 
(2013) comment “Directive derogations in relation to 
uniformity are severe for those landraces with a very 
high morphologic variability”. Trying to restrict lan-
draces in Uniformity and Stability rules, a paradox is 
emerging, as described by Adhikari et al. (2022), that 
landraces, the outcome of centuries of crop selection 
and breeding by farmers, were included in inappro-
priate formal legal system. In parallel, farmers’ ques-
tions on landraces legislation should be taken into 
consideration. Brazilian farmers concerned about 
‘freezing varieties in time and space and undermin-
ing seed evolution and adaptation, as well as granting 

a Phenotypic variation
b Heterogeneity among populations
c Heterogeneity within populations
d n/a: not studied

Table 1  (continued)

Genus species Common name Examined 
popula-
tions

Pva HaPb HwPc References

Vicia faba L. Faba bean 54 Yes Yes n/a Terzopoulos et al. (2003), Terzopoulos 
and Bebeli (2008b)

Vicia sativa L. Common vetch 503 Yes Yes n/a De la Rosa et al. (2021)
Vigna unguiculata (L.) Walp. Cowpea 23 Yes Yes Yes Lazaridi et al. (2017a), Lazaridi et al. 

(2017b), Zafeiriou et al. (2023)
3 Yes Yes Yes Polegri and Negri (2010), Tosti and Negri 

(2005)
Zea mays L. Corn 43 Yes Yes Yes Pinheiro de Carvalho et al. (2008)
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private ownership rights over shared and community 
resources’ (AHTEG 2019).

The appropriateness of DUS system for landraces

Since landraces are dynamic (Villa et  al. 2005) and 
genetically diverse populations (Lodhi et  al. 2020) 
they are based on large genepools (Lioi et  al. 2005; 
Terzopoulos et al. 2008, 2009; Mazzucato et al. 2010; 
Terzopoulos and Bebeli 2010; Lazaridi et  al. 2017a, 
b; Casañas et al. 2017; Cattáneo et al. 2020; Ricciardi 
et al. 2020; Negisho et al. 2021) indicating the need 
for considering the appropriateness of the applica-
tion of DUS system for their registration. On the one 
hand, most landraces’ plants are characterized by 
certain unique morphological traits or a combination 
of them by which are recognized initially by farm-
ers and then by scientists as different varieties of the 
same species, meaning that they present Distinctive-
ness. As an example, only in central Italy 31 common 
bean landraces were recorded on-farm by Negri and 
Tosti (2002). Interestingly, Gibson (2009) introduced 
the term “perceptual distinctiveness”, as the traits 
that farmers recognize and denominate individual 
landraces that contribute to the creation and manage-
ment of their diversity and the transfer of knowledge. 
He also points out, that when individual landraces 
are not distinct with clear morphological differences, 
farmers fail to maintain each of them as separate lan-
draces (ibid.) and they treat them as the same.

On the other hand, landraces show lack of Uni-
formity (see Table 1) and also Stability as the result 
of the multiple selection pressures to which they are, 
and have been, exposed by farmer management and 
changing environment across cultivation years. They 
are populations always under evolution (Negri 2005; 
Hufford et al. 2019). We then see that Uniformity and 
Stability are inappropriate terms for landraces and 
wonder, as also Winge (2015), if these requirements 
may act as barriers for landrace registration.

Landraces’ mixtures

Another method that the farmers used to overcome 
the stresses arose from harsh pedo-climatic condi-
tions was using mixtures of either different species or 
plant populations of the same species. The practice of 

planting mixtures is widespread in subsistence agri-
culture, which is in contrast with industrial agricul-
ture where genetic monocultures are the norm (Huf-
ford et al. 2019). So here we are referring to mixtures 
created by farmers and not by scientific research 
(Ceccarelli and Grando 2020; Timaeus et al. 2022).

Papadakis (1929) highlighted that some wheat 
landraces were mixtures of both Triticum aestivum 
L. and Triticum turgidum L. subsp. durum (Desf.) 
Husn. varieties. Farmers’ mixtures are still cultivated 
on farm as it has been observed in recent collecting 
expeditions. The cultivation of wheat and barley in 
mixture is referred to Lemnos Island (Thomas et  al. 
2012) and even nowadays in Patmos Island, Greece 
(Supplementary Fig.  2). The Greek wheat landrace 
“Leventis” (originated in west Peloponnese and col-
lected few years ago by Agricultural University of 
Athens team) was a mixture of three wheat species 
(Triticum turgidum subsp. polonicum (L.) Thell., Trit-
icum turgidum L. subsp. durum (Desf.) Husn., and 
T. aestivum) (Thanopoulos and Bebeli, unpublished 
data). Mixture of Cyprus vetch (Lathyrus ochrus 
(L.) DC) and pea (Pisum sativum L.), with the for-
mer as dominant was found in cultivation in Lemnos 
Island (Thomas et al. 2012). Farmers were choosing 
the cultivation of crop mixtures so as to have a suffi-
cient production result according to the weather con-
ditions which favor the one of the two species or to 
achieve better organoleptic characteristics of the final 
products.

Examples of legislation on seed production 
and marketing systems from the world

Legislation systems concerning landraces from 
different countries and continents of the world are 
presented alphabetically aiming at an integrated 
presentation of the issue and the trends. Seed sys-
tems in Africa can be divided into two types, the 
formal and informal systems. Even though the 
informal systems serve small farming seeds sav-
ing use and exchange does not comply with many 
seed laws (Munyi 2022). In 2013 a group of African 
countries, the Southern Africa Development Com-
munity (SADC) created a Harmonised Seed Regu-
latory System (SADC HSRS) (ibid.). SADC HSRS 
is not an obligatory system that provides among 
others a framework for the release of varieties also 
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landraces, even though detailed rules have not yet 
been developed. Landraces, local varieties, and 
farmers’ varieties registration is expected to follow 
Quality Declared Seed (QDS) and field tests (ibid.).

In Algeria a National plant variety Catalogue 
registration of plant varieties requires DUS uni-
formity (Assabah 2001; Bishaw and van Gastel 
2009), however it also includes a section for farm-
ers’ varieties. This has allowed the registration of 
non-uniform populations (landraces) in the National 
Catalogue without changing the law (Louwaars and 
Burgaud 2016).

In Benin landraces can be registered in the 
National Catalogue, multiplied, and sold under the 
up-to-date legislative framework. There are three 
types of lists within the National Catalogue, (1) those 
that should be tested for DUS and VCU criteria, (2) 
those that should be tested only for DUS criteria (can 
be multiplies exclusively for exports) and (3) those 
that are comprised by traditional varieties and lan-
draces and should be tested only for VCU criteria, can 
be produced and sold (Herpers et al. 2017).

In Bolivia landraces and farmers’ varieties can-
not be registered in the National Registry of Varieties 
(NRV) by any official system and formal seed produc-
tion must follow rules (De Jonge et  al 2021). How-
ever, several potato, peanut and maize landraces have 
been included in the NRV by the allowance of the 
INIAF (Instituto Nacional de Innovación Agropec-
uaria y Forestal) exempting them from DUS testing 
due to reports presenting sufficient distinctness, uni-
formity and stability in different locations and years 
(ibid.). Also, after 2008 the use of descriptors not 
included in the UPOV list that were more prompt for 
the diverse colors and shape of potatoes was negoti-
ated. Therefore, INIAF allowed the use of the Inter-
national Potato Center regarding descriptors that were 
not included in the UPOV list (ibid.).

In Brazil if seeds of local, traditional varieties, 
landraces or creole varieties are used, traded, or 
exchanged among family farmers, agrarian reform 
settlers or indigenous people, is not needed to be reg-
istered in the National Catalogue of varieties (requir-
ing homogeneity and stability criteria) (Santilli 2015) 
but there is also an exclusion for family farmer organ-
izations, which can only distribute, and not sell, seeds 
of local, traditional varieties.

In Chile crop species varieties cannot be registered 
without abide by the DUS rules, however foreign 

DUS certifications can be used. Additionally, there 
are farmers’ exceptions in the use of non-uniform 
accessions such as landraces, although the material 
cannot be advertised or transferred via any seed title 
(Venturelli and Lazcano 2022).

In China registration of a plant variety according to 
the up to 2012 legislation is allowed only after pass-
ing DUS and VCU testing, and landraces or farmers 
varieties can seldom pass these tests (Li et al. 2012). 
According to the Chinese legislation it is illegal to 
produce on-farm seeds that are not officially released 
(ibid.).

In India farmers’ varieties are those that “have 
been traditionally cultivated and developed by farm-
ers in their fields, … or landraces about which farm-
ers possess common knowledge” (Agrawal 2019). 
These landraces can be defined as intellectual prop-
erty and marketed in India under the Protection of 
Plant Varieties and Farmers’ Rights Act as extant 
varieties (ibid.). Extant varieties including farmers’ 
varieties, should imply to distinctness, uniformity, 
and stability (DUS) criteria, if it does, then after a 
series of evaluation processes it is registered, and the 
owner of the variety rights can produce and market 
the landrace exclusively for 15  years (annual crops) 
or 18 years (trees and vines) (Lushington 2012). To 
facilitate the registration of farmers’ varieties, a new 
act (2009 Protection of Plant Varieties and Farmers’ 
Rights Regulations) loosened the measures regard-
ing uniformity and stability requirements, such as 
one year of stability testing instead of two (Agrawal 
2019). More specifically any person that is selling, 
importing, or exporting seeds is characterized as a 
seed dealer and they are obliged to comply with the 
Seeds Act (1966), Seeds Control Order (1983), and 
the New Policy on Seeds Development (1988) legisla-
tion. To do so they must have a license (valid for three 
years) (Kuhlmann and Dey 2021). However, farmers 
in India can sell seeds in the market if the seeds are 
not sold under a brand name, and they can use their 
own varieties without obligation of compulsory regis-
tration (ibid.). On the contrary if a seed dealer wants 
to commercialize a farmers’ variety, they have to take 
permission of the farmer or the community that owns 
this landrace (Lushington 2012).

In Indonesia farmers varieties are grown mainly 
for self-consumption (Almekinders and Hardon 
2006). Since 2014 DUS criteria should be fulfilled 
for the official registration of varieties, while plant 
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variety protection can be applied for all plant species 
(Khadijah 2021).

In Nepal, seeds are certified by authorized agen-
cies as either breeder seeds, foundation seeds, certi-
fied seeds, or improved seeds. Producers are obligated 
to apply for truthful labelling for non-certified seeds 
(Kuhlmann and Dey 2021). However, plant genetic 
material can be considered as a variety, multiplied, or 
traded legally only if it is noted in the Gazette (the 
Catalogue of Nepalese varieties) (De Jonge et  al. 
2021). A variety can be included in the Gazette either 
by “registration” of local or foreign varieties or by 
“releasing” a local variety (ibid.). Since 2013 seed 
regulation was modified to enable the registration of 
landraces in the National Catalogue of crop varieties 
(Joshi et  al. 2017; De Jonge et  al. 2021). The nam-
ing of the new variety or landrace can be the name 
of the geographical site that was collected, a Hin-
duism or Buddhism religion god name, production 
environment, grain type and color and functional 
traits of the variety. However, rice and maize varietal 
names should follow some specifications. The legis-
lation regarding the maintenance of the landraces is 
not clear (Joshi et al. 2017; Recha et al. 2019). Tests 
regarding the DUS are required for registration in 
the National list of crop varieties (Joshi et al. 2017). 
To register a landrace, valid data for one season are 
sufficient, on the contrary, the registration of a sci-
entifically bred variety requires three season’s multi-
location yield and other trials. Finally, value for cul-
tivation and use (VCU) testing is not necessary for 
registration of landraces (ibid.).

The Plant Breeders’ Rights Act that has been 
implemented in Pakistan since 2016, aims at the 
development of new varieties and the protection 
of the intellectual property of the breeders (Ahsan 
Rana and Adhikari 2019). However, there is no ref-
erence or discussion regarding the rights of farmers 
over their landraces (Aziz-ur-Rehman and Mubeen 
2018). Additionally, under the Plant Breeders’ 
Rights Act 2016 farmers could sell, exchange and 
use of seeds of a variety as far as it is not protected 
by the Act and exchange “reasonable” amounts of 
propagating material among other farmers (Yazdani 
and Ali 2017). Due to the UPOVs DUS criteria 

needed for seed registration the production and 
commercialization of landraces is not favoured.

The intellectual property of seeds in Sri Lanka 
is governed by the Draft Bill on the Protection of 
Plant Varieties (Breeder’s Rights) of Sri Lanka. 
2011. According to the bill farmer is he/she who:

• Grow crops by cultivating the land himself/her-
self.

• Oversees the cultivation of crops by another per-
son.

• Is a “tenant cultivator”; or
• Preserves—whether individually or collectively—

any wild species or traditional variety or adds 
value to these plants through the selection and 
identification of useful properties (Perera and 
Adhikari 2019).

This bill allows farmers to ‘save, use, sow, re-
sow, exchange, share or sell their farm product 
including the seed of a protected variety’. Addition-
ally, farmers are protected from penalties regarding 
seed intellectual property rights. However, there is 
no mechanism that protects farmers’ varieties, and 
plant breeders could use them without any consent 
to the farmers (ibid.).

According to Batur et al. (2021) in Switzerland, 
landraces, as sub-category, are included in the 
“niche varieties”. In this case the application should 
present a description of the landrace, an indication 
of the area of origin and a declaration that the lan-
drace is not the same to any other variety neither 
in Switzerland nor abroad. Commercialization of 
landraces’ seed is permitted without the need of 
official tag but writing that “approved niche variety, 
seeds not certified” (ibid.).

Thailand, after the Agreement on Trade-Related 
Aspects of Intellectual Property Rights (TRIPS), 
has implemented a National law (Plant Variety Pro-
tection Act B.E.2542 1999) for the protection of 
intellectual property. The Thailand law for the pro-
tection of intellectual property presents an innova-
tion regarding UPOV, that is the protection of dif-
ferent categories of plant varieties (1) new plant 
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varieties, (2) local domestic plant varieties, (3) gen-
eral domestic plant varieties and (4) wild plant vari-
eties1 (Lertdhamtewe and Jefferson 2019). The act 
also defines a plant variety as “a plant grouping of 
similar or identical genetic or botanical characteris-
tics, with particular features which are uniform, sta-
ble, and distinct from other grouping[s] in the same 
species of plant.” And finally, the DUS require-
ments are re-inscribed based on UPOV (ibid.). All 
these differentiations enabled a looser legislation 
that allows the registration of domestic and wild 
species varieties.

The Island of Timor-Leste or East Timor, a country 
in the Indonesian Island complex, implements a two-
way seed registration system; (1) State-run and con-
trols the new seed registration, release, quality control 
and dissemination and the (2) farmer’s seed system 
where farmers produce and circulate (exchange and 
sell) their own seeds at a community level. In the 
State-run system all seeds are produced controlled 
for their quality and after registration they are catego-
rized according to their genetic purity (from higher 
to lower level) at breeder, foundation, certified, com-
mercial, and community seeds. These seeds are then 
multiplied from various trained stakeholders undergo 
quality control test and are then released to the mar-
ket. On the contrary, the farmer’s seed system seeds 
include landraces, local varieties, adapted varieties, 
and new varieties that are produced, saved, used, 
exchanged, or sold within a particular community 
(family, neighbour, other farmers, and local markets) 
(Shrestha 2019).

The seed policy governance system of Uganda is 
comprised by formal and informal systems, the later 
concern only 20% of the National seed produced 
(Recha et  al. 2019). On the contrary 80% of the 
National seed is produced by the informal system that 
is recognized by the National Seed Policy (2018) as 
important for the conservation of landrace biodiver-
sity (ibid.). Additionally in Uganda the term “farm-
ers’ varieties” include both landraces and obsolete 
varieties (ibid.).

In the United States plant varieties can be applied 
to three different categories of intellectual property, 

the utility patents, Plant Variety Protection Act (PVP 
in 1970) and plant patents (Plant Patent Act since 
1930). The utility patents can be granted invention 
including new plant varieties, the Plant Patent Act 
involves varieties that imply DUS criteria hence not 
the landraces (Lopez-Noriega 2016). The genetically 
variable landraces can be exchanged and marketed 
among farmers along with the certified uniform varie-
ties, such cases are the non-profit organization “Seed 
Savers Exchange” that preserves rare, heirloom, and 
open-pollinated varieties. In other cases, registration 
is compulsory, and accessions should apply DUS cri-
teria, in these cases landraces exchange or sell is pro-
hibited (Louwaars and Burgaud 2016). The plant pat-
ent is the easiest way of granting intellectual property 
right over a plant variety that does not imply to the 
PVP requirements (Lopez-Noriega 2016). In conclu-
sion variety registration is not mandatory for its com-
mercialization in the United States (Blaustein 2016).

In Vietnam the registration of varieties is mainly 
conducted by seed clubs that are comprised by farm-
ers’ organizations and community level seed organi-
zations (Kuhlmann and Dey 2021). Variety registra-
tion in Vietnam require DUS and VCU testing and 
multi-location trials (ibid.). The registration of varie-
ties is required by the formal system, however since 
2008 Government recognizes officially the informal 
seed system. Additionally, smallholder farmers can 
exchange their varieties legally, however they need to 
apply rules for the quality of variety and environmen-
tal sanitation (ibid.).

In Zimbabwe there is no legislative framework to 
allow farmers’ varieties registration, production or 
marketing and the requirement is that varieties multi-
plied or sold as seeds should follow a DUS and value 
for cultivation and use (VCU) certification scheme 
(De Jonge et  al. 2021). In a workshop for the regis-
tration of farmers’ varieties, stakeholders concluded 
that the main factor limiting landraces from registra-
tion was the DUS and that other factors such as taste, 
cooking time, quality and storability should also be 
included in landraces certification scheme (ibid.). 
The Community Technology Development Trust 
(CTDT) and seed services prepared a draft for Local/
Traditional seeds certification scheme, that proposed 
DCS (distinctness, consistency, and stability criteria, 
that could allow more heterogenous genetic material 
(ibid.)).

1 The PVP Act defines ’wild plant variety’ as a ’plant variety 
that currently exists or used to exist in the natural habitat and 
has not been commonly cultivated’.
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The European Commission Directives 
for landraces

The basic structure of EU Directives

European Committee recognizing the importance of 
landraces published the Directives 2008/62/EC and 
2009/145/EC referring to the “acceptance of agricul-
tural landraces and varieties” and “marketing of seeds 
of those landraces and varieties” and hence their reg-
istration into the Common Catalogues of Varieties. 
The first Directive (2008/62/EC) refers to the Agri-
cultural plant species (cereals, pulses etc.) as well as 
the Directives 66/401/EEC, 66/402/EEC, 2002/54/
EC, 2002/56/EC and 2002/57/EC. The second one 
(2009/145/EC) refers to the vegetable species covered 
by Directive 2002/55/EC. Both Directives provide 
definitions of the content of the terms “conservation 
in situ”, “landrace”, “genetic erosion” and “seed”, in 
their 1st chapter, Article 2. According to those Direc-
tives, landraces can be registered in the National 
Catalogues and then in the Common Catalogue as 
“conservation varieties” and “varieties developed for 
growing under particular conditions”, under specific 
terms described in the Commission Directives of 
2008 and 2009. The Article 1a summarizes the sub-
ject that deal with “Landraces and varieties which are 
naturally adapted to the local and regional conditions 
and threatened by genetic erosion” and “the market-
ing of seed” (Article 1b). The second chapter of the 
Directives deals with the requirements needed so that 
the conservation varieties can be accepted which are: 
“It shall present an interest for the conservation of 
plant genetic resources” (Article 4.1), and “respond 
to the DUS system” and also that “if the uniformity 
level is established based on off-types, a population 
standard of 10% and an acceptance probability of at 
least 90% shall be applied” (Article 4.2).

Article 5 states the procedural requirements for the 
acceptance (its description, and denomination, results 
of unofficial tests, knowledge from practical experi-
ence and other information). A “conservation vari-
ety” or “variety developed for growing under particu-
lar conditions”2 shall not be accepted for inclusion 

if it is already listed in the common Catalogue, or it 
was deleted from the common Catalogue within the 
last two years (Article 6.1). This above-mentioned 
provision relates to cultivars and obsolete varie-
ties. Article 7 sets the rules for the denomination of 
conservation varieties applying Regulation (EC) No 
930/2000 (EC 2000) permitting derogations except 
if such derogations would violate prior rights of a 
third party. ‘The denominations which were known 
before 2000, Member States may permit derogations 
from Regulation (EC) No 930/2000″ otherwise the 
Regulation should be applied, (Article 7). The Mem-
ber State shall identify the region or regions in which 
the conservation variety has historically been grown 
and to which it is naturally adapted and will name it/
them region/s of origin (Article 8). Chapter III refers 
to seed production and marketing and reports the 
requirements for certification (Article 10). The Mem-
ber States shall ensure that seed of a conservation 
variety may only be produced in the region of origin 
(Article 11) and marketing takes place in its region of 
origin with derogation for additional regions (Article 
13). Quantitative restrictions have been set for each 
crop (eg. ‘Seed marketed does not exceed 0,5% of the 
seed of the same species used in that Member State in 
one growing season, or a quantity necessary to sow 
100  ha’) (Article 14) and sealing of packages and 
containers (Article 17). The Chapter III of the Direc-
tive 2009/145/EC deals with Varieties developed for 
growing under particular conditions.

Achievements in landraces registration in the EU 
common Catalogues (2013 vs 2022)

As it has been mentioned in the previous subsec-
tion, the two Directives are permitting the registra-
tion of conservation varieties, whereas the second 
one also includes the category of varieties developed 
for growing under particular conditions. These varie-
ties’ categories registered from the start of the Direc-
tives’ application till now are presented in Fig. 1. In 
some countries the number of “varieties developed 
for growing under particular conditions” exceed dra-
matically the number of conservation varieties, like in 
France and Germany. It seems that “varieties devel-
oped for growing under particular conditions” are 
more common in Central and North Europe which 
have developed a tradition towards this category. 
Interestingly, some countries, like Cyprus and Malta 

2 In Article 22 is defined as a variety that it has been devel-
oped for growing under particular agro-technical, climatic or 
pedological conditions.
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do not have any registrations. The ratio of registered 
conservation varieties of agricultural species against 
vegetables crops is higher for instance in Austria, 
Germany, Italy but not in Spain although in the case 
of Italy vegetables have a strong representation.

Conservation varieties registered per country 
and species

After four years of the implementation of both Euro-
pean Commissions’ Directives 2008/62/EC and 
2009/145/EC, 13 (Austria, Estonia, Germany, Fin-
land, France, Italy, Latvia, Portugal, Romania, Slo-
venia, Spain, Sweden and UK) and 6 countries (Bel-
gium, France, Italy, Portugal, Spain and Sweden) had 
registered various landraces as conservation varieties 
respectively for each Directive (Spataro and Negri 
2013). After 2013 several countries registered more 
conservation varieties, while other countries that had 
not included their conservation varieties in 2013 reg-
istered them (Fig.  2). Due to the exit of the United 
Kingdom from the EU, the conservation varieties, 
that had been registered by UK, were deleted from 
the common Catalogue (EC 2021d, e).

In general, the number of conservation varieties 
of agricultural and vegetable species in the European 
Common Catalogue has been increased from 2013 
to 2023 by 313 and 173 respectively (Fig.  2). The 

conservation varieties of agricultural species included 
in the Catalogue were comprised mostly of the fol-
lowing species, wheat and spelt wheat, potato and 
maize, while the less represented registered species 
are white clover (Trifolium repens L.), white lupin 
(Lupinus albus L.) and white mustard (Sinapis alba 
L.) (Table 2).

The Catalogue of vegetable conservation varie-
ties included many species, with the most registered 
ones belonging to tomato (Solanum lycopersicum 
L.), common bean (Phaseolus vulgaris L.) and chili 
pepper (Capsicum annuum L.), while the ones with 
the less registrations belong to pumpkin (Cucurbita 
maxima Duchesne), butternut squash (Cucurbita mos-
chata Duchesne), and watermelon (Citrullus lanatus 
(Thunb.) Matsum. & Nakai) (Table  3). The number 
of registered conservation varieties increased in all 
countries, mostly the southern European ones such as 
Italy and Spain.

In 2013 the countries with more than ten reg-
istered agricultural species conservation varieties 
were Sweden, Finland, Romania and Spain, while in 
2023 their number doubled including Sweden, Italy, 
Germany, Spain, Finland, Slovenia, Ireland, Poland, 
France, Norway (Table 2, Fig. 2). Regarding vegeta-
ble varieties their registration as conservation varie-
ties increased in the South and Eastern European 
countries. The countries with the most registered veg-
etable conservation varieties in 2013 were Spain and 

Fig. 1  Total number of 
conservation varieties for 
agricultural crops (Conser-
vation Variety -Crop, Cons 
Var-Crop) and vegetables 
(Conservation Variety-
Vegetables, Cons Var-Veg) 
and varieties developed for 
growing under particular 
condition (VDGuPC) 
registered in the European 
Common Catalogue during 
the application of Directives 
2008/62/EC and 2009/145/
EC based to the European 
Plant Variety Database, 
accessed at 23-2-2023 in 
https:// ec. europa. eu/ food/ 
plant- varie ty- portal/

https://ec.europa.eu/food/plant-variety-portal/
https://ec.europa.eu/food/plant-variety-portal/
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Italy, while in 2023 the same countries were the ones 
with the most registered vegetable varieties, while 
also Croatia and Hungary had more than ten vegeta-
ble conservation varieties registered (Table 3).

Landraces vs obsolete varieties

According to the two Directives 2008/62/EC and 
2009/145/EC, the ‘conservation varieties’ include 
both landraces as well as cultivars deleted from the 
National Register (obsolete varieties) (Article 6 of the 
Directives). Incompletely the European Plant Vari-
ety Database (https:// ec. europa. eu/ food/ plant- varie 
ty- portal/) is not providing information whether a 
variety is a landrace or an obsolete variety. Therefore, 
someone must search various databases to find out 
relevant information (Spataro and Negri 2013). Some 
examples can be quoted according to an investigation 
that was conducted. In Bulgaria the registered con-
servation varieties include Lotus corniculatus L. and 
Trifolium repens L. obsolete varieties and four veg-
etable varieties (pers. comm. VEMA LTD, Bulgaria 
2023). In Estonia, out of the 11 conservation varie-
ties, eight are obsolete varieties and three landraces 

(pers. comm. Külli Annamaa and Ilmar Tamm 2023). 
In Greece out of the 10 registered conservation varie-
ties only one is obsolete variety. In Poland the 16 reg-
istered conservation varieties are all obsolete varieties 
(source: European Cultivated Potato Database-https:// 
www. europ otato. org/). In Portugal out of eight con-
servation varieties of European Database (https:// ec. 
europa. eu/ food/ plant- varie ty- portal/) seven are lan-
draces and one wheat obsolete “Pirana” variety. Addi-
tionally, two conservation varieties of chickpea (Cicer 
arietinum L.) and pumpkin (Cucurbita pepo L.) reg-
istered in the national Catalogue (Catálogo Nacional 
de Variedades, DGAV 2023) do not appear in the 
European database. In Spain among 92 registered 
conservation varieties, 15 were certainly identified as 
landraces, mostly vegetables, (pers. comm. Jaime Pro-
hens 2023) while 2 were common bean (Phaseolus 
vulgaris L.) obsolete varieties (pers. comm. Antonio 
M. De Ron 2023). In Italy the great majority of con-
servation varieties (78%) are landraces with impres-
sive genetic diversity comprising 22 taxon, obsolete 
varieties are only found in Oryza sativa, T. aestivum 
and T. durum (Dr. Oriana Porfiri, personal commu-
nication 2023), all the other registered conservation 

Fig. 2  Total number of conservation varieties for crops (agri-
cultural species according the Directive 2008/62/EC) and 
vegetables from 2008 to 2013  (I) and from 2013 to 2023  (II) 
registered in the European Common Catalogue during the 
application of Directives 2008/62/EC and 2009/145/EC (Cons 
Var-Crop = Conservation Varieties for Crops and Cons Var-

Veg = Conservation Varieties for Vegetables. Sources: Spataro 
and Negri (2013) and the European Plant Variety Database, 
accessed at 23-2-2023 in https:// ec. europa. eu/ food/ plant- varie 
ty- portal/. The total of each category is resulting from the sum-
mation of the conservation varieties of each period without 
adding each variety twice

https://ec.europa.eu/food/plant-variety-portal/
https://ec.europa.eu/food/plant-variety-portal/
https://www.europotato.org/
https://www.europotato.org/
https://ec.europa.eu/food/plant-variety-portal/
https://ec.europa.eu/food/plant-variety-portal/
https://ec.europa.eu/food/plant-variety-portal/
https://ec.europa.eu/food/plant-variety-portal/
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varieties of both agricultural and horticultural species 
are true landraces. In Sweden, NordGen Växter reg-
istered 59 conservation varieties out of which 28 are 
landraces and 31 obsolete varieties (personal commu-
nication Michael Lyngkjär and Jan Svensson 2023).

The concept of area of origin

Regarding conservation varieties the Article 8 of the 
Directives 2008/62/EC and 2009/145/EC introduced 
the concept of region of origin. Thus, for each con-
servation variety an area where this variety should be 
cultivated and traded, will be claimed (Article 13). 
There are two basic categories about the use of this 
scheme. The one is when the area of origin of a con-
servation variety covers the whole country, something 
which happens in Austria, Croatia, Estonia, Finland, 
France, Slovenia and Sweden (Suplementary Fig. 3). 
The other case is when the area of origin of a con-
servation variety covers a part of the country (e.g. 
district, province), like in Greece, Hungary, Italy, 
Portugal and Spain. There are also cases that a con-
servation variety has its region of origin in more than 
one country, like the obsolete potato variety “Ack-
ersegen” registered in Germany and Austria. In other 
cases, such as in Austria a T. aestivum conservation 
variety, namely “Laufener Landweizen” is registered 
at national level in Austria) as well as at regional level 
in Germany (Oberbayern, Niederbayern). Addition-
ally, several (16) crop conservation varieties are regis-
tered by Poland with origin at national level, and five 
at regional level (Supplementary Table 1). Out of the 
total registered conservation varieties, 45% have as 
area of origin a restricted area.

The crop conservation varieties registered in 
National level are 60.8% and the rest 39.2% at 
regional level, whereas in vegetable conservation 
varieties was the opposite, 40 and 60% respectively. 
The above-mentioned is related to their country of 
origin as most of the vegetable conservation varieties 
(66.0%) originate from southern European countries 
while most of the crop conservation varieties from 
northern-central European countries (65.7%) (Sup-
plementary Table 1).

Denomination of landraces

Another interesting issue is the denomination of lan-
draces. Again, the denomination system used is that Ta
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for cultivars (EC 1994; UPOV 2015). The names of 
landraces have sometimes a meaning for the local 
communities while cultivars could not. In the culti-
vars’ case someone decides for the name according 
to the rules established by UPOV serving rightly the 
commercial interests. In the case of landraces, the 
name is an expression of community culture, which 
had chosen the name with simple or complex criteria 
(Halewood et al. 2006; Joshi et al. 2017). Thanopou-
los et  al. (2021) highlighted the landrace naming as 
a cultural heritage among different countries because 
farmers have named different landraces among dif-
ferent countries using similar meanings. In many 
cases the same landrace is called with several differ-
ent names (Thomas et  al. 2012, 2013; Douma et  al. 
2016) and landraces with same name are sometime 
different (Pagnotta et  al. (2005). The same landrace 
maintained by different farmers may exhibit different 
genetic diversity level (Tosti and Negri 2005; Hale-
wood et  al. 2006; Tiranti and Negri 2007; Pusadee 
et al. 2019). Negri (2006) states that the landraces are 
recognized with local names and are strongly associ-
ated with the traditional uses, knowledge, habits, dia-
lects, and celebrations of the people who grow them. 
For example, the name could be an idiomatic, or to 
indicate the geographic origin, or just the common 
name of the crop (Lazaridi et  al. 2017b; Thanopou-
los et al. 2021). Sathya (2014) writes about the art of 
naming as an ancient tradition in Tamil area where 
the 27.5% of naming is based on special traits (fea-
tures of fruit, flower, seeds (of other plants), plants, 
trees, organs of animals, parts of birds, insects, musi-
cal instrument, weapon, etc.), 18% memory of great 
persons, 11% on color and 7% on shape. For example, 
the landrace name Muthu Valai means Pearl banana, 
and Maghudi is a musical instrument (ibid.). In Gam-
bia rice landraces naming is based on particular mor-
phological characteristic (husk color, plant height, 
presence of awns, grain size, or grain shape), agro-
nomic and culinary traits (Nuijten and Almekinders 
2008). In the case of UPOV denomination rules, as 
well as the EU’s ones, landraces’ naming faces sev-
eral restrictions for example the names used should 
not be misleading or too generic as simply referring 
to traits such as a color or a sweet taste or a shape. 
The local names of landraces usually relate to a loca-
tion origin, the environment it endures (tolerance to 
drought, or to frost), its post-harvest traits or an epi-
thet describing its morphology (color, size, shape, Ta
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texture, etc.) (Thomas et al. 2012, 2013; Douma et al. 
2016; Joshi et  al. 2017). But epithets describing the 
morphology of landraces are not allowed under the 
EU’s law (EC) 2100/94 because these names might 
be misleading (CPVO 1994; UPOV 2015). Several 
landraces include in their names adjectives that may 
be misleading as they describe also other landraces 
of the same species (e.g. Papadakis 1929). For exam-
ple, the EU forbids the use of the common name of a 
crop or attributes like the epithet “black” which can-
not be used for a wheat awn because it might imply 
that other awns are not black (UPOV 2015). “Marzal” 
is a barley landrace cultivated in Spain whose name 
means March implying that it is sown in March, this 
name is also considered a misleading name as it is not 
the only barley landrace sown in March (Martínez-
Moreno et al. 2017). Another problem on denomina-
tion is that it cannot refer the common name of the 
crop, the geographic origin of the crop, the village, or 
the area of origin. The “Milho Branco de Santana”, 
the common name of the corn Portuguese landrace 
from Madeira was obliged to change name in “San-
tana”, during registration for misleading nomination 
(Pinheiro de Carvalho et al. 2004, see register in the 
European Plant Variety Database). Those names are 
established before the creation of the denomination of 
cultivars, and we should respect and recognize them 
as well as the Nepalese legislation does (Joshi et al. 
2017). They are a cultural heritage that follows the 
landrace traits and should not be ignored (Karaniko-
las et al. 2017; Giupponi et al. 2021). Moreover, from 
the moment that a landrace’s name has been used for 
denomination of a PDO or PGI product it cannot be 
used for the denomination of this landrace for regis-
tration, an approach that ignores the culture heritage. 
The registration in the National Catalogue and the 
PDO or PGI scheme are two complementary, not con-
tradictory systems, because in both landraces can be 
the common ground, where the former deals with the 
recognition of the variety and seed trade and the latter 
with the processing and the production procedure.

Landrace seeds’ trade

The trade of landraces’ seeds is a controversial issue 
causing a lot of confrontations. Seed industry has 
doubts if through a more relaxed system cultivars will 
be traded illegally. Some countries have more flexible 

approaches in this issue like India, Peru, Thailand, 
Ethiopia, Malaysia, and Vietnam whereas others fol-
low stricter approach like EU countries, some African 
countries without clear exemptions for farmers and 
the informal sector (Kuhlmann and Dey 2021). Some 
countries (e.g. India and Peru) recognize farmers’ 
rights and may even allow protection for landraces 
(ibid). In France regulations for seeds marketing are 
quite strict, except for old vegetable varieties that can 
be marketed in, however, very small amounts only 
for home gardening to enhance their conservation. 
In Italy various ways have been implemented region-
ally to conserve the landraces, for example the use of 
regional Catalogues that allows the exchange of seeds 
in the region in the frame of a conservation network 
for on-farm and ex-situ conservation and finally the 
recognition of landraces as local community herit-
age. In The Netherlands special VCU rules have 
been used for “green varieties” that however were 
not successful. The marketing of these seeds was 
illegal, although the authorities did not act because 
they remained in the local market level (Louwaars 
and Burgaud 2016). In EU there are restrictions con-
nected with the area of origin: the production should 
be taking place only in that area, the quantity of seed 
to be marketed yearly as percentage of cultivars quan-
tity, and other restrictions related with seed packaging 
and phytosanitary measures (EC 2008, 2009; Spataro 
and Negri 2013). Such requirements make the trade 
of landraces’ seeds quite difficult. Formal seed cer-
tification could be proved costly and time-consum-
ing, even under collective schemes (Kuhlmann and 
Dey 2021). If someone wishes to apply this context, 
then farmers and their collective schemes should be 
supported with special policies as the Thessaloniki 
Declaration (2022) proposes. But it should also be 
taken in consideration that cause of spread of major 
pests throughout the world was due to introduc-
tion of genetic material, which hosts pests like phyl-
loxera, Daktulosphaira vitifoliae (Tello et  al. 2019), 
the intense modern trade of agricultural goods (e.g. 
South American tomato pinworm, Tuta absoluta) 
(Guedes et  al. 2019), travelling, research (Pimentel 
et al. 2001) and not due to landraces that was traded 
and exchanged mainly locally. The enrichment of 
landraces diversity was achieved through many path-
ways. The keepers of cereal diversity are the farmers 
through seed exchanges with neighbours (Jensen et al. 
2013). They select genetic materials with desired 
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traits and save seeds for subsequent growing seasons 
(Frankel et al. 1998). The exchange of seeds between 
farmers ensures the maintenance of the genetic het-
erogeneity of the landraces, which can contribute to 
the creation of new landraces (populations), as well 
as groups of interrelated landraces (which could be 
considered as meta-populations) (Zeven 1999). On 
the other hand, frequent seed exchanges between 
farmers can reduce the genetic variation in wheat as 
mentioned by Pagnotta et al. (2005). The question is 
if in our societies we realize this situation and if we 
are working to find positive solutions. In a joint letter 
to the European Commission on the EU Seed Market-
ing Legislation 37 NGOs support the development of 
cultivated plant diversity and “a clear exemption from 
seeds marketing regulation for all activities aimed at 
the conservation and dynamic management of culti-
vated plant diversity” (Seed Marketing EU legislation 
stakeholders 2023).

Use of landraces in organic agriculture

Another interesting issue is the possible connection of 
landraces to organic agriculture and their use. Regula-
tion (EU) 2021/1189 (EC 2021f) characterises OHM 
for its ‘high level of phenotypic and genetic diversity, 
and its dynamic nature to evolve and adapt to certain 
growing conditions’. Τhen Regulation 2021/1189 
notes that ‘In contrast of landraces as defined in 
Commission Directive 2008/62/EC and Commission 
Directive 2009/145/EC, OHM is intended to adapt 
to various biotic and abiotic stresses due to repeated 
natural and human selection and therefore is expected 
to change over time’. So, through this regulation, lan-
draces seem to be ‘freezed’ and not able to change 
over time because Uniformity and Stability criteria 
are used for their inclusion in the National Registry. 
As it is extensively described, it is quite the opposite, 
and that shows an insufficient understanding of the 
genetic structure of landraces. Regulation 2018/848 
(EU 2018) describes that OHM shall be generated 
with crossing of several different types of parental 
material and with on-farm-management practices, 
including selection, establishing, or maintaining 
material, which is characterized by a high level of 
genetic diversity. Even though OHM have not been 
conceived to re-use landraces but new populations 
created from combination of cultivars or landraces, 

the last phrase (in italics context) opens a window 
for the use of landraces per se for organic agriculture 
offering a wide range of cultivation opportunities to 
farmers in EU, but also offers a paradigm for other 
countries of the world.

Landraces and Farmers’ Rights

Issues regarding Farmers’ Rights and landraces 
have been extensively discussed in literature (Biber-
Klemm et al. 2006; Bocci et al. 2011; Santilli 2016; 
Aziz-ur–Rehman and Mubeen 2018; Adhikari and 
Jefferson 2019; Tsioumani 2021). Several poli-
cies have been applied in different countries glob-
ally regarding the intellectual property of landraces, 
with “formal seed systems” comprised by both state-
institutions and the private sector that are subjected 
to specific legislation regime (Kuhlmann and Dey 
2021). The “informal seed systems” or “farmer seed 
systems” are including transactions between mostly 
small-scale farmers and are not generally character-
ized by a commercial purpose (ibid.). In many coun-
tries landraces are circulated via “farmer seed sys-
tems” that however allow only small-scale farmers 
to trade within the community (ibid.). In the context 
of formal seed systems, landraces are used as genetic 
material for improvement through private sector com-
panies (Galluzzi et  al. 2020); often landraces have 
been used without the consent of the community 
that created them, although the entry in vigor of the 
International Treaty on Plant Genetic Resources for 
Food and Agriculture (ITPGRFA) Plant Production 
and Protection Division (2009) tried to overcome this 
problem. Private companies do have more means to 
register a variety in comparison to the public sector or 
a single farmer or a farmers’ community (Louwaars 
and Burgaud 2016; Kanniah 2019). Therefore, there 
is need to support the local seed systems (Kuhlmann 
and Dey 2021) with integrated policies.

Landraces belong to the community, and in the 
context of farmers’ rights and fair and equitable shar-
ing of the benefits, the community should have deci-
sive role on how and where “its” landraces will be 
given, and its traditional name should be used taking 
into consideration that the use of landraces has eco-
nomic purposes directly or indirectly. As a general 
worldwide ‘rule’ the inclusion of landraces in a Reg-
ister can fortify the rights of the community better 
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than nothing. Additionally, the policy of areas of ori-
gin, which is applied in EU, can protect the landraces 
from uncontrollable cultivation outside the area of 
their origin.

In a general view of legislation, landraces should 
be registered in the National Register Catalogues 
under the special category of Landraces with main 
criterion the Distinctiveness using the descriptors of 
either UPOV/CPVO or IPGRI and clearly separated 
from obsolete varieties. Under the existing system, 
despite its weak points, dozens of landraces of cere-
als, pulses and vegetables crops were registered in EU 
and significant progress has been made as presented 
in the relevant chapter.

The proposed Regulation of European 
Commission on plant reproductive material

The European Commission recently proposed the 
Regulation on the production and marketing of plant 
reproductive material (PRM) EC (2023). In its intro-
duction the role of conservation varieties, including 
landraces, is recognized, to support the conservation 
and sustainable use of plant genetic resources and 
contribute to agro-biodiversity by introducing looser 
and adapted rules on organic varieties, conservation 
varieties, seed conservation networks and exchange 
of seed in kind between farmers. In the preamble (29) 
a ‘conservation variety’ is defined as “(a) traditionally 
grown or locally newly bred under specific local con-
ditions in the Union is presented and adapted to those 
conditions” and (b) as “characterized by a high level 
of genetic and phenotypical diversity between indi-
vidual reproductive units”. This Regulation applies 
to the genera and species listed for the respective 
uses referred to in Parts A to E of Annex I (Article 
2). The delegated act shall add genera or species if 
they fulfil at least two of the following elements: “(a) 
represent a significant area of production of PRM and 
a significant value of marketed PRM in the Union, 
(b) are of substantial importance for the security of 
food and feed production in the Union…, and (c) are 
marketed in at least two Member States”. Article 53 
regulates the registration of conservation varieties 
under the conditions: “(a) it has an officially recog-
nized description, specifying the characteristics that 
qualify it as a conservation variety, …., (b) it has an 
indication of its initial region of origin; (c) it bears a 

denomination …; (d) it is maintained in the Union”. 
“The officially recognized description … shall be 
based on results of unofficial tests, knowledge gained 
from practical experience during cultivation, repro-
duction and use”. The “officially recognised descrip-
tion’ means a written description of a conservation 
variety, which has been recognised by a competent 
authority”. Moreover, the application should include 
“information related to the production of an officially 
recognized description of the variety, a proof of that 
description and any document or publication support-
ing it’’ (Article 56 (k)). Article 53, 3 describes when 
a conservation variety shall not be listed in the Cata-
logue, if: (a) it is already listed in the Union variety 
register with an official description, or it was deleted 
from the Union variety register as a variety with an 
official description within the last 2 years, or within 
2 years from the expiry of the period granted pursuant 
to Article 71(2), or (b) it is protected by a Community 
or National plant variety right. The suitability for the 
denomination of all kinds of varieties is described in 
Article 54, where cases, like the name to be identi-
cal or confusing or misleading, …to the identity of 
the breeder, are listed as not suitable. In paragraph 4 
(b) the Commission is empowered to adopt delegated 
acts by setting out specific criteria concerning the 
suitability of variety’s denominations as regards their 
relation to geographical indications or designations 
of origin for agricultural products. The registration 
should be carried by a professional operator who is 
able to cover the requirements of Article 10. A vari-
ety cannot be listed in the National variety register as 
a conservation variety, if: “(a) it is already listed in 
the Union variety … or it was deleted from the Union 
variety register as a variety with an official descrip-
tion within the last 2 years, or within 2 years from the 
expiry of the period granted pursuant to Article 71(2), 
or (b) it is protected by a Community plant variety 
right …”. According to Article 26 a conservation 
variety may be produced and marketed in the Union 
as standard seed, if it complies with all the require-
ments of Article 8. Article 20 refers to certification 
activities’ costs, necessary to produce and market the 
respective seed as pre-basic, basic, and certified seed 
are proportionate: (i) to the purpose of ensuring food 
and feed security or (ii) ensuring the high value of 
industrial processing. The preservation mixtures are 
recognized when contribute to the conservation of 
genetic resources (Article 22). Farmers may exchange 
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seeds in kind (Article 30) in conditions such as: are 
produced in the respective farmer’s own premises and 
harvest, are not connected with a professional opera-
tor performing seed production and the seed is used 
for dynamic management of farmer’s own seed for 
the purpose of contributing to agro-diversity. In these 
cases, the seed should be limited to small quantities, 
free from pests and any defects likely to impact their 
quality as seeds, and with satisfactory germination 
capacity.

Comments on the proposed Regulation of EC 
on RPM

The definition of conservation varieties covers the 
concept of landrace on a satisfying level but is miss-
ing their cultural value (Negri et  al. 2009). It seems 
that conservation varieties are including only lan-
draces but reading Article 53 is described when a con-
servation variety shall not be listed in the Catalogue 
(see chapter 5.3) i.e.: “it was deleted from the Union 
variety register as a variety with an official descrip-
tion within the last 2  years, or within 2  years from 
the expiry of the period granted pursuant to Article 
71(2)”. It is clear that this item is referring to culti-
vars that may be erased from the National Catalogue 
and can be registered again. This is the case of obso-
lete varieties, and they should clearly be separated 
from landraces because, while the former can cover 
the DUS criteria and belong to an institution, the lat-
ter are genetically diverse and belong to the farmers. 
Therefore, either the conservation varieties should be 
divided into landraces and obsolete varieties, where a 
definition is needed, or the terms landrace and obso-
lete variety shall be used. From here onwards writing 
for conservation varieties, we are referring to lan-
draces only. In the elements that should be fulfilled 
for the delegated act (Article 2) “the conservation and 
sustainable use of plant genetic resources and their 
contribution to agro-biodiversity” should be added. 
The same is true also for Article 20.2,b adding the 
standard seed for landraces. In the Annexes species 
like Ipomoea batatas, Lablab purpureus, Lagenaria 
siceraria, Lathyrus clymenum, L. sativus, L. ochrus, 
Lens culinaris, Sesamum indicum, Trititcum mono-
coccum, T. dicoccum, T. polonicum, Vicia ervilia, 
Vigna unguiculata, V. radiata are not included and 

should be added. The conditions for the registration 
of a conservation variety (Article 53) need “an offi-
cially recognized description, specifying the charac-
teristics that qualify it as a conservation variety”. This 
“officially recognised description … shall be based 
on results of unofficial tests, knowledge gained from 
practical experience during cultivation, reproduction 
and use”, and “information related to the production 
of an officially recognized description of the variety, 
a proof of that description and any document or pub-
lication supporting it” (Article 56 point k). The above 
requirements make the whole issue rather compli-
cated and bureaucratic, but significant change in the 
DUS application on landraces should be recognized. 
The simplest way for the application is to include the 
morphological description with an officially recog-
nized technical protocol, any experience gained, and 
possible historical records. The state authority will 
examine the file and define if more data are needed, 
or the file will be approved. Another condition is the 
initial region of origin which in this proposed regula-
tion is not connected with any geographical restric-
tions on cultivation and trade as in the previous regu-
lations. In the context of Farmers’ Rights, the region 
of origin shall be retained for cultivation and seed 
production but not for trade, giving the local com-
munities the right to decide the extent of the area of 
origin. The denomination of varieties is another posi-
tive element of the proposed regulation, which allows 
a more flexible approach. Nevertheless, it should be 
clearly referred to that landraces can follow their his-
torical and traditional denomination, including the 
geographical origin, as an element of their cultural 
heritage (Sathya 2014). The Member State Commis-
sion also will consider the case of the suitability of 
variety denominations in relation to PGI or PDO for 
agricultural products. In the case of landraces, the 
denomination of the landrace and the PGI/PDO is 
essential because in both cases the tradition is applied 
and, this could be clearly written into the new Regu-
lation. Article 53.2 of the new proposed Regulation 
on PRM also states “A conservation variety shall be 
registered in the national variety register upon appli-
cation by a professional operator established in the 
Union”. Here it seems that obsolete varieties are still 
considered, and this is a step backwards in compari-
son to the present regulation. Another disadvantage of 
the ‘professional operator’ concept is that he/she may 
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not be interested in the registration of neglected and 
underutilized landraces. Who other can be the appli-
cant for a landrace than the farmers and the coopera-
tives who are managing it for hundreds of years? It is 
the responsible authority, a physical person (farmer, 
gardener) or legal entity (cooperative, municipality, 
research centre or university if needed) who should 
make the application for landrace registration and 
will be the maintainer, eventually following specific 
instructions for the allogamous and autogamous 
species (Caproni et  al. 2020) and controlled by the 
National authorities. The maintainer of a landrace 
should be supported technically and economically to 
produce seed of high quality, devoid of pests (Arti-
cle 8) and have more lax requirements for seed pack-
ing. Positively the proposed regulation recognizes the 
‘preservation mixtures’ where farmers’ mixtures can 
be included. The seed trade should be disconnected 
from professional operator from the moment that 
the maintainer is the farmer. Seed exchange in kind 
within the area of origin should be permitted inde-
pendently of the quantity. The new proposed regula-
tion combined with the experience gained from the 
application of the present Directives of EU, is a good 
paradigm for a concrete policy on legislation and can 
be used worldwide. In this context, the described pro-
posals for the new Directive are presented in detail in 
Supplementary Table 2.

Landraces and goals of UN and EU

The present status of landraces should be regarded 
under the policies of big organizations like UN 
(United Nations) and EU. The contribution of lan-
draces for the achievement of UN 17 Sustainable 
Development Goals like zero hunger, food security, 
improved nutrition, promoting sustainable agricul-
ture, sustainable consumption and production pat-
terns, mitigation of climate change and its impacts, 
mitigation of desertification, and halting and revers-
ing land degradation and halting biodiversity loss 
(United Nations 2015) should be considered and 
highlighted. The importance of shorter and more 
sustainable supply chains and domestic supply pref-
erence has been reaffirmed during the recent COVID 
pandemic outbreak (European Parliament 2016; 
CIDSE et  al. 2020; Hayakawa and Mukunoki 2021) 
but also war situations. Shorter and more local food 

chains could be a way for landraces to be included 
in the food systems because of their adaptability and 
sustainability to local pedoclimatic conditions (Ste-
fani et  al. 2017; Varia et  al. 2021). Furthermore the 
irrational use of improved plant genetic material and 
agricultural chemical inputs (pesticides, antimicrobi-
als, fertilizers) has resulted to both environmental pol-
lution and also biodiversity loss (Beattie et al. 2005; 
EC 2021a, b). Landraces are usualy cropped under 
null or natural input agricultural systems in marginal 
lands while competing with the cultivars in terms of 
sustainable production (Suso et al. 2013). Within this 
framework landraces could play a crucial role as they 
exhibit drought resistant traits; they can grow in mar-
ginal lands where commercial and improved cultivars 
cannot grow properly with the use of minimum or 
no inputs (Cabello et al. 2012; Yahiaoui et al. 2014; 
Marone et  al. 2021). Equally can contribute to EU 
policies like the Green Deal (EC 2019, 2022), Farm 
to Fork strategy (EC 2020), strategy for the adapta-
tion to climate change (EC 2021c), EU Biodiver-
sity Strategy for 2030 (EC 2021a, b, c). Most of the 
genetic diversity is presented in landraces but it is still 
less used and should be largely exploited for traits of 
interest (Marone et al. 2021). A recent study showed 
that 19,335 sites exist in Europe where landraces are 
cultivated and about twenty percent of these sites are 
in Natura 2000 areas (Raggi et al. 2022) which shows 
how EU policies, mainly aimed at protecting the wild 
part of nature, also had a great impact in protecting 
that cultivated part of nature whose evolution was 
driven by humans. In fact, in protected areas, organic 
or low input agricultural techniques are encouraged 
(EU 2018) and the best resources to carry out these 
production practices and techniques are landraces, 
due to their intrinsic diversity which counteracts the 
damages of pests. Also, to be noted, many Common 
Agricultural supportive Policies are linked to Natura 
2000 farming systems. In addition, landraces relate to 
the production of quality products which in EU are 
protected with PDO (Protected Designation of Ori-
gin), PGI (Protected Geographic Indication), TSG 
(Traditional Speciality Guaranteed) quality labels 
thus facilitating the maintenance of some, at least, 
landraces in agriculture (Menapace et al. 2009; Raggi 
et al. 2021).
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Conclusion

Taking into consideration the different approaches 
on landraces registration throughout the world 
we can conclude in some basic suggestions on the 
issue: (i) Landraces need their own legislation sys-
tem for registration and marketing and should not 
be mixed with genetic material of different origin, 
like obsolete varieties. Such a system is also for the 
benefit of seed industry clearing any possible con-
fusion. (ii) Landraces description can be based on 
the technical questionnaires of former IPGRI or 
UPOV to describe their distinctiveness, but uni-
formity and stability is not applicable. To the con-
trary less uniformity and stability are good indices 
that there is a landrace and not cultivar. (iii) Lan-
draces denomination should follow the tradition 
and the perception of farmers, and the same name 
can be used for their processed products that take a 
quality designation (PDO or PGI). (iv) The area of 
origin, as EU Directives Designate, could be proved 
a very useful choice because landraces can be cul-
tivated in this specific area, protecting farmers 
from any kind of bio-piracy while the product can 
be traded for consumption also in markets outside 
the region. In some countries the trade outside the 
area of origin is interpreted loosely and is permit-
ted, like Italy, and in others, like Greece, is applied 
absolutely strictly. The areas of origin can possibly 
offer a solution also to the seed trade for cultivation 
and not for consumption, in other words the seed 
can be exchanged and traded with lighter require-
ments only in the area of origin. (v) Farmers’ crop 
mixtures can also be registered describing the com-
ponents of the mixture, their quantitative participa-
tion as percentage and taking in consideration that 
mixture can change in time.

Humanity faces many challenges with basic ones 
the hunger, poverty, climate change and biodiver-
sity loss. Landraces had and could play an impor-
tant role on those issues in the present and future. 
Because both biological and human-driven cultural 
evolution generates new resources for the future 
(Negri 2005). In this context it is needed a construc-
tive discussion with scientific and social criteria to 
conserve on farm these unique and irreplaceable 
plant genetic resources with a distinguished load of 
cultivation, culture and history.

Acknowledgements We wish to thank Michael Lyngkjär and 
Jan Svensson of Nordic Genetic Resource Center—NordGen 
Växter, Dilian Dimitrov—Executive Agency for Variety Test-
ing and VEMA LTD (Bulgaria), Külli Annamaa, and Dr. Ilmar 
Tamm, Centre of Estonian Rural Research and Knowledge 
(METK), Professor Jaime Prohens, Director of the Department 
of Biotechnology of the Universitat Politècnica de València, 
Spain, Antonio M. De Ron, Research Professor at the Misión 
Biológica de Galicia (MBG), Spanish National Research Coun-
cil (CSIC) in Pontevedra, Spain, Dr. Oriana Porfiri, Agrono-
mist, Triticum specialist, for providing data for landraces and 
obsolete varieties, Dr. Michiel van Slageren, Kew Gardens, 
for important discussion with R. Th. on International Code 
of Nomenclature for Cultivated Plants. We thank the anony-
mous reviewers for their careful reading of our manuscript 
and their many helpful comments and suggestions. The publi-
cation of the article in OA mode was financially supported by 
HEAL-Link.

Author contributions RT conceived the idea; RT, PT and 
PJB wrote the initial draft; RT, VN and PJB worked on the 
structure and wrote the main manuscript; SP, MAPC and 
TC wrote and added paragraphs in the manuscript; RT, VN, 
MAPC, SP, TC, PT, PR, MJS, and PJB provided critical feed-
back and commented on the manuscript. RT and PJB were in 
charge of overall coordination and planning and prepared the 
final version of the manuscript. All authors have read and 
agreed to the published version of the manuscript.

Funding Open access funding provided by HEAL-Link 
Greece.

Declarations 

Conflict of interest All the authors declare that they have no 
conflict of interest.

Consent for publication All our authors have agreed to sub-
mit and publish this work in your journal formats, including 
print and digital platforms. All authors are acknowledged and 
permitted to publish this work.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

http://creativecommons.org/licenses/by/4.0/


Genet Resour Crop Evol 

1 3
Vol.: (0123456789)

References

Adhikari K (2019) What does it mean to protect farmers’ varie-
ties as intellectual property? In: Adhikari K, Jefferson DJ 
(eds) Intellectual property law and plant protection chal-
lenges and developments in Asia. Routledge-Taylor & 
Francis, New York, pp 177–205

Adhikari K, Jefferson DJ (2019) Intellectual property law and 
plant protection challenges and developments in Asia. 
Routledge-Taylor & Francis, New York

Adhikari K, Azevedo V, Bebeli PJ, Chatzigeorgiou A, Gálvez 
A, Guarino L, Kotey DA, Paczka RO, Ranieri R, Spyrou 
S, Thanopoulos R (2022) The Thessaloniki declaration: 
we save landraces–we use landraces. 6th Scientific Meet-
ing of Landraces and Indigenous Varieties. https:// www. 
minag ric. gr/ events- gr/ epist imoni kes- synan tiseis- gia- tis- 
topik es- kai- gigen eis- poiki lies/ 13268- 6h- epist- syn- poik- 
150722 Accessed 15 June 2023

Agrawal RC (2019) Opportunities and challenges created by 
the Plant Variety Protection and Farmers’ Rights Act 
in India. In: Adhikari K, Jefferson DJ (eds) Intellectual 
property law and plant protection challenges and devel-
opments in Asia. Routledge-Taylor & Francis, New York

Ahsan Rana M, Adhikari K (2019) Policy, politics and implica-
tions of Pakistan’s Plant Breeders’ Rights Act. In: Adhi-
kari K, Jefferson DJ (eds) Intellectual property law and 
plant protection challenges and developments in Asia. 
Routledge-Taylor & Francis, New York, pp 86–103

AHTEG (Ad hoc Technical Expert Group on Farmers’ Rights) 
(2019) Views, Experiences and Best Practices as an 
example of possible options for the National implementa-
tion of Article 9 of the International Treaty—Measures, 
Best Practices and Lessons Learned from the Realization 
of Farmers’ Rights as set out in Article 9 of the Interna-
tional Treaty

Almekinders C, Hardon J (2006) Bringing farmers back into 
breeding. Experiences with participatory plant breeding 
and challenges for institutionalisation. Agromisa Special 
5, Agromisa, Wageningen, pp 140. https:// core. ac. uk/ 
downl oad/ pdf/ 29270 476. pdf

Antunes G, Freitas F, Freitas G, Nóbrega H, Freitas IT, Neto 
M, Rodrigues M, Dantas LM, Nunes R, Pinheiro de Car-
valho MAA (2021) Manual técnico da macieira. Centro 
ISOPlexis da Universidade da Madeira, Funchal, pp 51. 
https:// doi. org/ 10. 34640/ unive rsida demad eira2 021an 
tunes freit as

Arca M, Mary-Huard T, Gouesnard B, Bérard A, Bauland C, 
Combes V, Madur D, Charcosset A, Nicolas SD (2021) 
Deciphering the genetic diversity of landraces with high-
throughput SNP genotyping of DNA bulks: methodology 
and application to the maize 50k array. Front Plant Sci 
11:568699. https:// doi. org/ 10. 3389/ fpls. 2020. 568699

Assabah A (2001) Focus on seed programs. The Algerian Seed 
Industry, Focus on Seed Programs, Algeria

Avgeri I, Zeliou K, Petropoulos SA, Bebeli PJ, Papasotiropou-
los V, Lamari FN (2020) Variability in bulb organosul-
fur compounds, sugars, phenolics, and pyruvate among 
greek garlic genotypes: association with antioxidant 
properties. Antioxidants 9(10):967. https:// doi. org/ 10. 
3390/ antio x9100 967

Awol M, Bulti T (2019) Phenotypic characterization and 
assessment of genetic diversity for agro-morphological 
traits of Ethiopian chickpea (Cicer arietinum L.) Lan-
draces. Uganda J Agric Sci 2(3):146–155. https:// doi. org/ 
10. 4314/ ujas. v18i1.1

Aziz-ur–Rehman H, Mubeen M (2018) Plant breeders legisla-
tion in India and Pakistan: a comparative analysis. FWU 
J Soc Sci 12(1):313–320

Baboev S, Muminjanov H, Turakulov K, Buronov A, Mamat-
kulov I et al (2021) Diversity and sustainability of wheat 
landraces grown in Uzbekistan. Agron Sustain Dev 
41(3):34. https:// doi. org/ 10. 1007/ s13593- 021- 00691-2

Batur F, Bocci R, Bartha B (2021) Marketing farmers’ varie-
ties in Europe: encouraging pathways with missing links 
for the recognition and support of farmer seed systems. 
Agronomy 11(11):2159. https:// doi. org/ 10. 3390/ agron 
omy11 112159

Beattie A, Barthlott W, ten Kate K, Elisabetsky E, Farrel R, 
Kheng Chua T, Prance I, Rosenthal J, Simpson D, 
Leakey R, Wolfson M (2005) New products and indus-
tries from biodiversity. In: Hassan R, Scholes R, Ash N 
(eds) Ecosystems and human well-being: current state 
and trends: findings of the Condition and Trends Work-
ing Group of the Millennium Ecosystem Assessment. 
Island Press, Washington, pp 271–296

Bellon MR, Brush S (1994) Keepers of maize in Chiapas, 
Mexico. Econ Bot 48:196–209

Bencze S, Makádi M, Aranyos TJ, Földi M, Hertelendy P, 
Mikó P, Bosi S, Negri L, Drexler D (2020) Re-introduc-
tion of ancient wheat cultivars into organic agriculture—
Emmer and einkorn cultivation experiences under mar-
ginal conditions. Sustainability 12:1584. https:// doi. org/ 
10. 3390/ su120 41584

Biber-Klemm S, Culletb P, Kummer-Peiryc K (2006) New col-
lective policies. In: Biber-Klemm S, Cottier T, Berglas 
DS (eds) Rights to plant genetic resources and traditional 
knowledge: basic issues and perspectives. CAB Interna-
tional, UK, USA, pp 283–322

Bishaw Z, van Gastel AJG (2009) Variety release and policy 
options. In: Ceccarelli S, Guimarães EP, Weltzien E (eds) 
Plant breeding and farmer participation. Food and Agri-
culture Organization of the United Nations, Rome

Blaustein RJ (2016) Commentary on plant variety regulation 
in United States of America. In: Halewood M (ed) Farm-
ers’ crop varieties and farmers’ rights: challenges in tax-
onomy and law. Routledge, London, pp 332–337

Bocci  RV,  Kastler CG, Louwaars N (2011)  Farm  seed 
opportunities:  recommendations for  on-farm  con-
servation  in  Europe.  In:  Maxted N,  Dulloo E,  Ford-
Lloyd BV,  Iriondo JM,  Pinheiro  de  Carvalho MAA 
(eds) Agrobiodiversity conservation: securing  the diver-
sity of crop wild relatives and landraces, Chap. 9. CABI, 
Wallingford, UK

Boutsika A, Sarrou E, Cook C-M, Mellidou I, Avramidou E, 
Angeli A, Martens S, Ralli P, Letsiou S, Selini A, Grigo-
riadis I, Tourvas N, Kadoglidou K, Kalivas A, Maloupa 
E, Xanthopoulou A, Ganopoulos I (2021) Evaluation 
of parsley (Petroselinum crispum) germplasm diversity 
from the Greek Gene Bank using morphological, molec-
ular and metabolic markers. Ind Crops Prod 170:113767. 
https:// doi. org/ 10. 1016/j. indcr op. 2021. 113767

https://www.minagric.gr/events-gr/epistimonikes-synantiseis-gia-tis-topikes-kai-gigeneis-poikilies/13268-6h-epist-syn-poik-150722
https://www.minagric.gr/events-gr/epistimonikes-synantiseis-gia-tis-topikes-kai-gigeneis-poikilies/13268-6h-epist-syn-poik-150722
https://www.minagric.gr/events-gr/epistimonikes-synantiseis-gia-tis-topikes-kai-gigeneis-poikilies/13268-6h-epist-syn-poik-150722
https://www.minagric.gr/events-gr/epistimonikes-synantiseis-gia-tis-topikes-kai-gigeneis-poikilies/13268-6h-epist-syn-poik-150722
https://core.ac.uk/download/pdf/29270476.pdf
https://core.ac.uk/download/pdf/29270476.pdf
https://doi.org/10.34640/universidademadeira2021antunesfreitas
https://doi.org/10.34640/universidademadeira2021antunesfreitas
https://doi.org/10.3389/fpls.2020.568699
https://doi.org/10.3390/antiox9100967
https://doi.org/10.3390/antiox9100967
https://doi.org/10.4314/ujas.v18i1.1
https://doi.org/10.4314/ujas.v18i1.1
https://doi.org/10.1007/s13593-021-00691-2
https://doi.org/10.3390/agronomy11112159
https://doi.org/10.3390/agronomy11112159
https://doi.org/10.3390/su12041584
https://doi.org/10.3390/su12041584
https://doi.org/10.1016/j.indcrop.2021.113767


 Genet Resour Crop Evol

1 3
Vol:. (1234567890)

Brickell CD, Alexander C, Cubey JJ, David JC, Hoffman 
MHA, Leslie AC, Malécot V, Xiaobai Jin (2016) Inter-
national code of nomenclature for cultivated plants, 9th 
edn. Scripta Horticulturae 18. A Publication of the Inter-
national Society for Horticultural Science

Byrne P, Richards C, Volk GM (2020) From wild species to 
landraces and cultivars. In: Volk GM, Byrne P (eds) 
Crop wild relatives and their use in plant breeding. Fort 
Collins, Colorado, Colorado State University. https:// 
colos tate. press books. pub/ cropw ildre lativ es/ chapt er/ 
from- wild- speci es- to- landr aces- and- culti vars/. Accessed 
29 July 2021

Cabello R, De Mendiburu F, Bonierbale M, Monneveux P, 
Roca W, Chujoy E (2012) Large-scale evaluation of 
potato improved varieties, genetic stocks and landraces 
for drought tolerance. Am J Pot Res 89:400–410. 
https:// doi. org/ 10. 1007/ s12230- 012- 9260-5

Caproni L, Raggi L, Negri V (2020) In situ landrace propa-
gation management and access guidelines. Farmer’s 
Pride: networking, partnerships and tools to enhance 
in  situ conservation of European plant genetic 
resources. https:// more. bham. ac. uk/ farme rspri de/ 
wpcon tent/ uploa ds/ sites/ 19/ 2020/ 09/ D2.4_ In_ situ_ 
landr ace_ propa gation_ manag ement_ guide lines. pdf 
Accessed 26 July 2023

Caramante M, Rouphael Y, Corrado G (2023) Genetic diversity 
among and within tomato (Solanum lycopersicum L.) 
landraces grown in Southern Italy. Genet Resour Crop 
Evol. https:// doi. org/ 10. 1007/ s10722- 023- 01613-9

Casañas F, Simó J, Casals J, Prohens J (2017) Toward an 
evolved concept of landrace. Front Plant Sci 8(145):1–7. 
https:// doi. org/ 10. 3389/ fpls. 2017. 00145

Castellini G (2005) Caratterizzazione genetica di una varietà 
locale di sedano da costa Apium graveolens L. var. dulce 
(Miller) Pers. PhD thesis, University of Perugia

Cattáneo AR, McCarthy AN, Feingold SE (2020) Evidence 
ofgenetic diversity within Solanum lycopersicum L. 
‘Platense’ landrace and identification of various subpop-
ulations. Genet Resour Crop Evol 67:2057–2069. https:// 
doi. org/ 10. 1007/ s10722- 020- 00959-8

Ceccarelli S (1994) Specific adaptation and breeding for mar-
ginal conditions. Euphytica 77:205–219

Ceccarelli S, Grando S (2020) Evolutionary plant breeding as 
a response to the complexity of climate change. iSci-
ence 23(12):101815. https:// doi. org/ 10. 1016/j. isci. 2020. 
101815

Chable V, Thommen A, Goldringer II, Valero Infante T, Levil-
lain T et al (2008) Report on the definitions of varieties 
in Europe, of local adaptation, and of varieties threatened 
by genetic erosion. Farm Seed Opportunities: Opportuni-
ties for farm seed conservation, breeding and production. 
Project co-funded by the European Commission within 
the Sixth Framework Programme, Thematic Priority 8.1 
(2002–2006). Hal Id: hal-02820022. https:// hal. inrae. fr/ 
hal- 02820 022

Chable V, Goldringer I, Dawson J, Bocci R, Lammerts van 
Bueren E et  al (2009) Farm seed opportunities: a pro-
ject to promote landrace use and renew biodiversity. 
European landraces: on-farm Conservation management 
and use. Bioversity International, Bioversity Technical 
Bulletin

Chiang MS, Chong C, Landry BS, Crête R (1993) 8—Cab-
bage: Brassica oleracea subsp. capitata L. In: Kalloo G, 
Bergh BO (eds) Genetic improvement of vegetable crops. 
Pergamon, pp 113–155

CIDSE, Friends of the Earth Europe, ACTIONAID, 
URGENCI, Actalliance EU, EUROGROUP for Ani-
mals, Slow food Europe, Four Paws, Compassion 
in world farming, FERN, European Environmental 
Bureaeu, Institute for Agriculture and Trade Policy, 
OXFAM, Fair trade (2020) Raising the Ambition 
on Global Aspects of the EU Farm to Fork Strategy 
https:// www. cidse. org/ wp- conte nt/ uploa ds/ 2020/ 09/ 
Raisi ng- the- ambit ion- on- global- aspec ts- of- the- EU- 
Farm- to- Fork- Strat egy_ 250920. pdf. Accessed 14 Jan 
2022

CPVO (1994) Guidelines on Article 63 of Council Regula-
tion (EC) 2100/94 of 27 July 1994 on Community plant 
variety rights. https:// cpvo. europa. eu/ sites/ defau lt/ files/ 
docum ents/ lex/ guide lines/ VD_ Guide lines_ EN. pdf

Dakir EH, Ruiz ML, García P et al (2002) Genetic variability 
evaluation in a Moroccan collection of barley, Hordeum 
vulgare L., by means of storage proteins and RAPDs. 
Genet Resour Crop Evol 49:619–631. https:// doi. org/ 10. 
1023/A: 10212 28730 714

de Haan S, Burgos G, Liria R, Rodriguez F, Creed-Kanashiro 
HM, Bonierbale M (2019) The nutritional contribution 
of potato varietal diversity in andean food systems: a 
case study. Am J Potato Res 96:151–163. https:// doi. org/ 
10. 1007/ s12230- 018- 09707-2

De Jonge B, López Noriega I, Otieno G, Cadima X, Terrazas 
F, Hpommalath S, van Oudenhoven F, Shrestha S, Puda-
saini N, Singh Shrestha D, Pudasaini N, SinghShrestha 
D, Gauchan D, Kasasa P, Bwerazuva T, Mujaju C, Man-
jengwa S (2021) Advances in the registration of farmers’ 
varieties: four cases from the global south. Agronomy 
11:2282. https:// doi. org/ 10. 3390/ agron omy11 112282

De la Rosa L, López-Román MI, González JM, Zambrana 
E, Marcos-Prado T, Ramírez-Parra E (2021) Common 
vetch, valuable germplasm for resilient agriculture: 
genetic characterization and Spanish core collection 
development. Front Plant Sci 12:617873. https:// doi. org/ 
10. 3389/ fpls. 2021. 617873

Deepak KR (2010) Role of food tradition in conserving crop 
landraces on-farm. J Agric Environ 11:107–119

DGAV (2023) Catálogo Nacional de Variedades. Espécies 
Agrícolas e Hortícola. Oeiras, Direcção-Geral de Agri-
cultura e Veterinária. https:// www. bing. com/ ck/a? !& 
&p= 9d924 f08f0 42deb fJmlt dHM9M TY5ND czNjA 
wMCZp Z3VpZ D0yMW RkNDg 2Ni1l ZDZlL TY1Mj 
gtM2Q 4YS01 OTIwZ Tk2ZT YzNDA maW5z aWQ9N 
TE3Nw & ptn= 3& hsh= 3& fclid= 21dd4 866- ed6e- 6528- 
3d8a- 5920e 96e63 40& psq= Cat% c3% a1logo+ Nacio 
nal+ de+ Varie dades.+ Esp% c3% a9cies+ Agr% c3% adcol 
as+e+ Hort% c3% adcol a&u= a1aHR 0cHM6 Ly93d 3cuZG 
dhdi5 wdC93 cC1jb 250ZW 50L3V wbG9h ZHMvM jAyMS 
8wMi9 DQVRB TE9HT y1OQU NJT05 BTC1E RS1WQ 
VJJRU RBREV TXzIw MjAuc GRm& ntb=1 Accessed 15 
Sept 2023

Dias JS, Monteiro AA, Kresovich S (1994) Genetic diversity 
and taxonomy of Portuguese Tronchuda cabbage and 

https://colostate.pressbooks.pub/cropwildrelatives/chapter/from-wild-species-to-landraces-and-cultivars/
https://colostate.pressbooks.pub/cropwildrelatives/chapter/from-wild-species-to-landraces-and-cultivars/
https://colostate.pressbooks.pub/cropwildrelatives/chapter/from-wild-species-to-landraces-and-cultivars/
https://doi.org/10.1007/s12230-012-9260-5
https://more.bham.ac.uk/farmerspride/wpcontent/uploads/sites/19/2020/09/D2.4_In_situ_landrace_propagation_management_guidelines.pdf
https://more.bham.ac.uk/farmerspride/wpcontent/uploads/sites/19/2020/09/D2.4_In_situ_landrace_propagation_management_guidelines.pdf
https://more.bham.ac.uk/farmerspride/wpcontent/uploads/sites/19/2020/09/D2.4_In_situ_landrace_propagation_management_guidelines.pdf
https://doi.org/10.1007/s10722-023-01613-9
https://doi.org/10.3389/fpls.2017.00145
https://doi.org/10.1007/s10722-020-00959-8
https://doi.org/10.1007/s10722-020-00959-8
https://doi.org/10.1016/j.isci.2020.101815
https://doi.org/10.1016/j.isci.2020.101815
https://hal.inrae.fr/hal-02820022
https://hal.inrae.fr/hal-02820022
https://www.cidse.org/wp-content/uploads/2020/09/Raising-the-ambition-on-global-aspects-of-the-EU-Farm-to-Fork-Strategy_250920.pdf
https://www.cidse.org/wp-content/uploads/2020/09/Raising-the-ambition-on-global-aspects-of-the-EU-Farm-to-Fork-Strategy_250920.pdf
https://www.cidse.org/wp-content/uploads/2020/09/Raising-the-ambition-on-global-aspects-of-the-EU-Farm-to-Fork-Strategy_250920.pdf
https://cpvo.europa.eu/sites/default/files/documents/lex/guidelines/VD_Guidelines_EN.pdf
https://cpvo.europa.eu/sites/default/files/documents/lex/guidelines/VD_Guidelines_EN.pdf
https://doi.org/10.1023/A:1021228730714
https://doi.org/10.1023/A:1021228730714
https://doi.org/10.1007/s12230-018-09707-2
https://doi.org/10.1007/s12230-018-09707-2
https://doi.org/10.3390/agronomy11112282
https://doi.org/10.3389/fpls.2021.617873
https://doi.org/10.3389/fpls.2021.617873
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1
https://www.bing.com/ck/a?!&&p=9d924f08f042debfJmltdHM9MTY5NDczNjAwMCZpZ3VpZD0yMWRkNDg2Ni1lZDZlLTY1MjgtM2Q4YS01OTIwZTk2ZTYzNDAmaW5zaWQ9NTE3Nw&ptn=3&hsh=3&fclid=21dd4866-ed6e-6528-3d8a-5920e96e6340&psq=Cat%c3%a1logo+Nacional+de+Variedades.+Esp%c3%a9cies+Agr%c3%adcolas+e+Hort%c3%adcola&u=a1aHR0cHM6Ly93d3cuZGdhdi5wdC93cC1jb250ZW50L3VwbG9hZHMvMjAyMS8wMi9DQVRBTE9HTy1OQUNJT05BTC1ERS1WQVJJRURBREVTXzIwMjAucGRm&ntb=1


Genet Resour Crop Evol 

1 3
Vol.: (0123456789)

Galega kale landraces using isozyme analysis. Euphytica 
75:221–230. https:// doi. org/ 10. 1007/ BF000 25607

dos Santos TMM, Ganança F, Slaski JJ, Pinheiro de Carvalho 
MÂA (2009) Morphological characterization of wheat 
genetic resources from the Island of Madeira, Portugal. 
Genet Resour Crop Evol 56:363–375. https:// doi. org/ 10. 
1007/ s10722- 008- 9371-5

dos Santos TMM, Nóbrega H, Ganança JFT, Silva E, Afonso 
D, Gutiérres AFM, Slaski JJ, Khadem M, Pinheiro 
de Carvalho MÂA (2012) Genetic variability of high 
molecular weight glutenin subunits in bread wheat from 
continental Portugal, Madeira and Canary Islands. Genet 
Resour Crop Evol 59:1377–1388

Douma C, Koutis K, Thanopoulos R, Tsigou R, Galanidis A, 
Bebeli PJ (2016) Diversity of agricultural plants on Les-
vos Island (Northeast Aegean, Greece) with emphasis 
on fruit trees. Sci Hortic 210:65–84. https:// doi. org/ 10. 
1016/j. scien ta. 2016. 07. 009

Dupont HF (1960) French food legislation. Food Drug Cosm 
Law J 15(3):165–195

EC (1994) Council Regulation (EC) No 2100/94 of 27 July 
1994 on Community plant variety rights OJ L 227, p 1

EC (1998) Council Directive 98/95/EC of 14 December 1998 
amending, in respect of the consolidation of the internal 
market, genetically modified plant varieties and plant 
genetic resources, Directives 66/400/EEC, 66/401/EEC, 
66/402/EEC, 66/403/EEC, 69/208/EEC, 70/457/EEC and 
70/458/EEC on the marketing of beet seed, fodder plant 
seed, cereal seed, seed potatoes, seed of oil and fibre 
plants and vegetable seed and on the common catalogue 
of varieties of agricultural plant species. OJ L 25, p 1

EC (2000) Commission Regulation (EC) No 930/2000 of 4 
May 2000 establishing implementing rules as to the suit-
ability of the denominations of varieties of agricultural 
plant species and vegetable species. OJ L 108, p 3

EC (2008) Commission Directive 2008/62/EC of 20 June 
2008 providing for certain derogations for acceptance of 
agricultural landraces and varieties which are naturally 
adapted to the local and regional conditions and threat-
ened by genetic erosion and for marketing of seed and 
seed potatoes of those landraces and varieties. OJ L 162, 
pp 13–19

EC (2009) Commission Directive 2009/145/EC of 26 Novem-
ber 2009 providing for certain derogations, for accept-
ance of vegetable landraces and varieties which have 
been traditionally grown in particular localities and 
regions and are threatened by genetic erosion and of 
vegetable varieties with no intrinsic value for commer-
cial crop production but developed for growing under 
particular conditions and for marketing of seed of those 
landraces and varieties. OJ L 312, pp 44–54

EC (2019) Communication from the Commission to the Euro-
pean Parliament, the European Council, the Council, 
the European Economic and Social Committee and the 
Committee of the Regions: The European Green Deal. 
https:// eur- lex. europa. eu/ resou rce. html? uri= cellar: b828d 
165- 1c22- 11ea- 8c1f- 01aa7 5ed71 a1. 0002. 02/ DOC_ 1& 
format= PDF. Accessed 19 Jan 2022

EC (2020) Communication from the Commission to the 
European Parliament, the Council, the European Eco-
nomic and Social Committee and the Committee of the 

Regions: A Farm to Fork Strategy for a fair, healthy and 
environmentally-friendly food system COM/2020/381 
final

EC (2021a) Directorate-General for Environment, EU biodiver-
sity strategy for 2030: bringing nature back into our lives. 
Publications Office of the European Union. Accessed 19 
Jan 2022

EC (2021b) EU biodiversity strategy for 2030: bringing nature 
back into our lives. https:// op. europa. eu/ en/ publi cation- 
detai l/-/ publi cation/ 31e46 09f- b91e- 11eb- 8aca- 01aa7 
5ed71 a1. Accessed 19 Jan 2022

EC (2021c) Communication from the Commission to the 
European Parliament, the Council, the European Eco-
nomic and Social Committee and the Committee of the 
Regions: forging a climate-resilient Europe—the new EU 
Strategy on Adaptation to Climate Change. https:// eur- 
lex. europa. eu/ legal- conte nt/ EN/ TXT/ PDF/? uri= CELEX: 
52021 DC008 2& from= EN. Accessed 19 Jan 2022

EC (2021d) Common Catalogue of varieties of agricultural 
plant species—Supplement 2021/1. 2021/C 4/01. https:// 
eur- lex. europa. eu/ legal- conte nt/ EN/ TXT/ PDF/? uri= 
OJ:C: 2021: 004: FULL& from= EN Accessed 19 Jan 2022

EC (2021e) Common Catalogue of varieties of vegetable spe-
cies—Supplement 2020/1. 2021/C 4/02. https:// eur- lex. 
europa. eu/ legal- conte nt/ EN/ TXT/ PDF/? uri= OJ:C: 2021: 
004: FULL& from= EN Accessed 19 Jan 2022

EC (2021f) Commission Delegated Regulation 2021/1189 of 7 
May 2021 supplementing Regulation (EU) 2018/848 of 
the European Parliament and of the Council as regards 
the production and marketing of plant reproductive mate-
rial of organic heterogeneous material of particular gen-
era or species. OJ L 258

EC (2022) Agriculture and the Green Deal. https:// ec. europa. 
eu/ info/ strat egy/ prior ities- 2019- 2024/ europ ean- green- 
deal/ agric ulture- and- green- deal_ en. Accessed 19 Jan 
2022

EC (2023) European Commission Proposal for a Regulation 
of the European Parliament and of the Council on the 
production and marketing of plant reproductive material 
in the Union, amending Regulations (EU) 2016/2031, 
2017/625 and 2018/848 of the European Parliament and 
of the Council, and repealing Council Directives 66/401/
EEC, 66/402/EEC, 68/193/EEC, 2002/53/EC, 2002/54/
EC, 2002/55/EC, 2002/56/EC, 2002/57/EC, 2008/72/EC 
and 2008/90/EC (Regulation on plant reproductive mate-
rial) (Text with EEA relevance), COM(2023) 414 final 
2023/0227 (COD)

EU (2018) Regulation (EU) 2018/848 of the European Parlia-
ment and of the Council of 30 May 2018 on organic pro-
duction and labelling of organic products and repealing 
Council Regulation (EC) No 834/2007. OJ L 150

FAO (2019a) Voluntary guidelines for the conservation and 
sustainable use of farmers’ varieties/landraces. https:// 
www. fao. org/ policy- suppo rt/ tools- and- publi catio ns/ 
resou rces- detai ls/ en/c/ 12630 74/ Accessed 17 Sept 2023

FAO (2019b) The state of the world’s biodiversity for food and 
agriculture. In: Bélanger J, Pilling D (eds) FAO Com-
mission on Genetic Resources for Food and Agriculture 
Assessments. Rome, p 572. http:// www. fao. org/3/ CA312 
9EN/ CA312 9EN. pdf

https://doi.org/10.1007/BF00025607
https://doi.org/10.1007/s10722-008-9371-5
https://doi.org/10.1007/s10722-008-9371-5
https://doi.org/10.1016/j.scienta.2016.07.009
https://doi.org/10.1016/j.scienta.2016.07.009
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF
https://op.europa.eu/en/publication-detail/-/publication/31e4609f-b91e-11eb-8aca-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/31e4609f-b91e-11eb-8aca-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/31e4609f-b91e-11eb-8aca-01aa75ed71a1
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0082&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0082&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0082&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:C:2021:004:FULL&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:C:2021:004:FULL&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:C:2021:004:FULL&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:C:2021:004:FULL&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:C:2021:004:FULL&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:C:2021:004:FULL&from=EN
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/agriculture-and-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/agriculture-and-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/agriculture-and-green-deal_en
https://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1263074/
https://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1263074/
https://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1263074/
http://www.fao.org/3/CA3129EN/CA3129EN.pdf
http://www.fao.org/3/CA3129EN/CA3129EN.pdf


 Genet Resour Crop Evol

1 3
Vol:. (1234567890)

Ficiciyan A, Loos J, Sievers-Glotzbach S, Tscharntke T (2018) 
More than yield: ecosystem services of traditional ver-
sus modern crop varieties revisited. Sustainability 
10(8):2834. https:// doi. org/ 10. 3390/ su100 82834

Ford-Lloyd B, Brar D, Khush G, Jackson M, Virk P (2009) 
Genetic erosion over time of rice landrace agrobiodiver-
sity. Plant Genetic Resour 7(2):163–168. https:// doi. org/ 
10. 1017/ S1479 26210 81379 35

Frankel OH, Brown AHD, Burdon JJ (1998) The conservation 
of plant biodiversity, 2nd edn. Cambridge University 
Press, Cambridge, pp 56–78

Freitas G, Ganança JFT, Nóbrega H, Nunes É, Costa G, Slaski 
JJ, Pinheiro de Carvalho MÂA (2011) Morphologi-
cal evaluation of common bean diversity on the Island 
of Madeira. Genet Resour Crop Evol 58(6):861–874. 
https:// doi. org/ 10. 1007/ s10722- 010- 9624-y

Gadissa F, Abebe M, Worku B (2021) Assessment on the cur-
rent state of on-farm diversity and genetic erosion in bar-
ley (Hordeum vulgare L.) landraces from bale highlands, 
Southeast Ethiopia. Biomed Res Int. https:// doi. org/ 10. 
1155/ 2021/ 66773 63

Galluzzi G, Eyzaguirre P, Negri V (2010) Home gardens: 
neglected hotspots of agro-biodiversity and cultural 
diversity. Biodivers Conserv 19:3635–3654. https:// doi. 
org/ 10. 1007/ s10531- 010- 9919-5

Galluzzi G, Seyoum A, Halewood M, López Noriega I, Welch 
EW (2020) The role of genetic resources in breeding for 
climate change: the case of public breeding programmes 
in eighteen developing countries. Plants 9:1129. https:// 
doi. org/ 10. 3390/ plant s9091 129

Ganança JFT, Abreu I, Sousa NF, Paz RF, Caldeira P, Santos 
TMM, Costa G, Slaski JJ, Pinheiro de Carvalho MÂA 
(2007) Soil conditions and evolution of aluminium resist-
ance among cultivated and wild plant species on the 
Island of Madeira. Plant Soil Environ 53(6):239–246

Ganança JFT, Freitas JG, Nóbrega HGM, Rodrigues R, 
Antunes G, Rodrigues M, Pinheiro de Carvalho MÂA, 
Lebot V (2015) Screening of elite and local taro (Colo-
casia esculenta) cultivars for drought tolerance. Procedia 
Environ Sci 29:41–42

Ganança JFT, Freitas JG, Nobrega HGM, Rodrigues V, 
Antunes G, Gouveia CSS, Rodrigues M, Pinheiro de 
Carvalho MÂA, Lebot V (2018) Screening for drought 
tolerance in thirty-three taro cultivars. Not Bot Horti 
Agrobot Cluj Napoca 46:65–74

Ganopoulos I, Xanthopoulou A, Mastrogianni A, Drouzas A, 
Kalivas A, Bletsos F, Krommydas S, Ralli P, Tsaftaris A, 
Madesis P (2015) High resolution melting (HRM) analy-
sis in eggplant (Solanum melongena L.): a tool for micro-
satellite genotyping and molecular characterization of a 
Greek Genebank collection. Biochem Syst Ecol 58:64–
71. https:// doi. org/ 10. 1016/j. bse. 2014. 11. 003

Gibson RW (2009) A review of perceptual distinctiveness in 
landraces including an analysis of how its roles have 
been overlooked in plant breeding for low-input farming 
systems. Econ Bot 63(3):242–255

Giupponi L, Pedrali D, Leoni V, Rodari A, Giorgi A (2021) 
The analysis of italian plant agrobiodiversity databases 
reveals that hilly and sub-mountain areas are hotspots of 
herbaceous landraces. Diversity 13(2):70. https:// doi. org/ 
10. 3390/ d1302 0070

Gleridou A, Tokatlidis I, Polidoros A (2022) Genetic variation 
of a lentil (Lens culinaris) landrace during three genera-
tions of breeding. Appl Sci 12:450. https:// doi. org/ 10. 
3390/ app12 010450

Gouveia CSS, Freitas G, de Brito JH, Slaski JJ, Pinheiro de 
Carvalho MÂA (2014) Nutritional and mineral variabil-
ity in 52 accessions of common bean varieties (Phaseolus 
vulgaris L.) from Madeira island. Agric Sci 5:317–329

Gouveia CSS, Ganança JFT, Nóbrega HGM, Freitas JGR, 
Lebot V, Pinheiro de Carvalho MÂA (2020a) Phenotypic 
flexibility and Drought avoidance in taro (Colocasia 
esculenta L.). Emir J Food Agric 32(2):150–159

Gouveia CSS, Ascarini F, Nóbrega HGM, Freitas JGR, Pin-
heiro de Carvalho MÂA (2020b) Prospeção e caracteri-
zação dos recursos genéticos de macieira, Malus domes-
tica Borkh, na Madeira. Actas Port Frutic 32:261–268

Gouveia CSS, Lebot V, Pinheiro de Carvalho MÂA (2020c) 
NIRS estimation of drought stress on chemical quality 
constituents of taro (Colocasia esculenta L.) and sweet 
Potato (Ipomoea batatas L.). Flours Appl Sci 10:8724

Guedes RNC, Roditakis E, Campos MR, Haddi K, Bielza P, 
Siqueira HAA, Tsagkarakou A, Vontas J, Nauen R 
(2019) Insecticide resistance in the tomato pinworm: 
patterns, spread, mechanisms, management and out-
look. J Pest Sci 92:1329–1342. https:// doi. org/ 10. 1007/ 
s10340- 019- 01086-9

Guzzon F, Arandia Rios LW, Caviedes Cepeda GM, Céspedes 
Polo M, Chavez Cabrera A, Muriel Figueroa J, Medina 
Hoyos AE, Jara Calvo TW, Molnar TL, Narro León LA, 
Narro León TP, Mejía Kerguelén SL, Ospina Rojas JG, 
Vázquez G, Preciado-Ortiz RE, Zambrano JL, Pala-
cios Rojas NP, Pixley KV (2021) Conservation and use 
of Latin American maize diversity: pillar of nutrition 
security and cultural heritage of humanity. Agronomy 
11(1):172. https:// doi. org/ 10. 3390/ agron omy11 010172

Halewood M, Cherfas JJ, Engels JMM, Hazekamp T, Hodgkin 
T, Robinson J (2006) Farmers, landraces and property 
rights: challenges to allocating sui generis intellectual 
property rights to communities over their varieties. In: 
Biber-Klemm S, Cottier T, Berglas DS (eds) Rights to 
plant genetic resources and traditional knowledge: basic 
issues and perspectives. CABI, pp 173–202

Hammer K, Teklu Y (2008) Plant genetic resources: selected 
issues from genetic erosion to genetic engineering. J 
Agric Rural Dev Trop Subtrop 109(1):15–50

Harlan JR (1992) Crops and man, 2nd edn. American Society 
of Agronomy-Crop Science Society, Madison Wisconsin

Hayakawa K, Mukunoki H (2021) Impacts of covid-19 on 
global value chains. Dev Econ 59(2):154–177

Herpers S, Vodouhe R, Halewood M, De Jonge B (2017) The 
support for farmer-led seed Systems in African seed 
laws. ISSD Africa. https:// www. kit. nl/ wp- conte nt/ uploa 
ds/ 2018/ 11/ Worki ng- Paper- Series- 2017-% E2% 80% 93-9- 
The- suppo rt- for- farme rs- led- seed- syste ms- in- Afric an- 
seed- laws. pdf. Accessed 15 June 2023

Hufford MB, Teran JCBM, Gepts P (2019) Crop biodiversity: 
An unfinished magnum opus of nature. Annu Rev Plant 
Biol 70:727–751

Jensen HR, Belqadi L, De Santis P, Sadiki M, Jarvis DI, Sch-
oen DJ (2013) A case study of seed exchange networks 
and gene flow for barley (Hordeum vulgare subsp. 

https://doi.org/10.3390/su10082834
https://doi.org/10.1017/S1479262108137935
https://doi.org/10.1017/S1479262108137935
https://doi.org/10.1007/s10722-010-9624-y
https://doi.org/10.1155/2021/6677363
https://doi.org/10.1155/2021/6677363
https://doi.org/10.1007/s10531-010-9919-5
https://doi.org/10.1007/s10531-010-9919-5
https://doi.org/10.3390/plants9091129
https://doi.org/10.3390/plants9091129
https://doi.org/10.1016/j.bse.2014.11.003
https://doi.org/10.3390/d13020070
https://doi.org/10.3390/d13020070
https://doi.org/10.3390/app12010450
https://doi.org/10.3390/app12010450
https://doi.org/10.1007/s10340-019-01086-9
https://doi.org/10.1007/s10340-019-01086-9
https://doi.org/10.3390/agronomy11010172
https://www.kit.nl/wp-content/uploads/2018/11/Working-Paper-Series-2017-%E2%80%93-9-The-support-for-farmers-led-seed-systems-in-African-seed-laws.pdf
https://www.kit.nl/wp-content/uploads/2018/11/Working-Paper-Series-2017-%E2%80%93-9-The-support-for-farmers-led-seed-systems-in-African-seed-laws.pdf
https://www.kit.nl/wp-content/uploads/2018/11/Working-Paper-Series-2017-%E2%80%93-9-The-support-for-farmers-led-seed-systems-in-African-seed-laws.pdf
https://www.kit.nl/wp-content/uploads/2018/11/Working-Paper-Series-2017-%E2%80%93-9-The-support-for-farmers-led-seed-systems-in-African-seed-laws.pdf


Genet Resour Crop Evol 

1 3
Vol.: (0123456789)

vulgare) in Morocco. Genet Resour Crop Evol 60:1119–
1138. https:// doi. org/ 10. 1007/ s10722- 012- 9909-4

Joshi BK, Bhatta MR, Ghimire KH, Khanal M, Gurung SB, 
Dhakal R, Sthapit BR (2017) Released and Promising 
Crop Varieties of Mountain Agriculture in Nepal (1959–
2016). LI-BIRD, Pokhara, NARC, Kathmandu and Bio-
versity International, Pokhara, Nepal

Kanniah R (2019) Implementation of the plant variety pro-
tection laws of Indonesia, Malaysia, and the Philip-
pines: trends and future prospects. In: Adhikari K, 
Jefferson DJ (eds) Intellectual property law and plant 
protection challenges and developments in Asia. Rout-
ledge-Taylor & Francis, New York, pp 200–300

Karanikolas P, Bebeli PJ, Thanopoulos R (2017) Farm eco-
nomic sustainability and agrobiodiversity: identifying 
viable farming alternatives during the economic crisis 
in Greece. J Environ Econ Policy 7(1):69–84. https:// 
doi. org/ 10. 1080/ 21606 544. 2017. 13602 12

Khadijah N (2021) DUS TEST in INDONESIA & Uniform-
ity assessment cases. http:// eapvp. org/ uploa ds/4- DUS- 
Test- in- Indon esia- Unifo rmity- Asses sment- Cases. pdf

Koffi J, Koffi K, Bonny S, Bi A (2021) Genetic diversity of 
taro landraces from Côte d’Ivoire based on qualitative 
traits of leaves. Agric Sci 12:1433–1446. https:// doi. 
org/ 10. 4236/ as. 2021. 12120 91

Konyeme TE, Nyanany BL, Tanee FBG (2020) Diversity in 
proximate analysis of tubers of some African yam bean 
(Sphenostylis stenocarpa) (Hochst Ex. A. Rich.) harms 
(Fabaceae) accessions. J Appl Sci Environ Manag 
24(10):1787–1793. https:// doi. org/ 10. 4314/ jasem. 
v24i10. 12

Kuhlmann K, Dey B (2021) Using regulatory flexibility to 
address market informality in seed systems: a global 
study. Agronomy 11:377. https:// doi. org/ 10. 3390/ agron 
omy11 020377

Kyriakopoulou OG, Arens PFP, Pelgrom KTB, Karapanos 
I, Bebeli P, Passam HC (2014) Genetic and morpho-
logical diversity of okra (Abelmoschus esculentus [L.] 
Moench.) genotypes and their possible relationships, 
with particular reference to Greek landraces. Sci Hortic 
171:58–70

Lanteri S, Acquadro A, Quagliotti L et  al (2003) RAPD and 
AFLP assessment of genetic variation in a landrace of 
pepper (Capsicum annuum L.), grown in North-West 
Italy. Genet Resour Crop Evol 50:723–735. https:// doi. 
org/ 10. 1023/A: 10250 75118 200

Lazaridi E, Ntatsi G, Fernández JA, Karapanos I, Carnide 
V, Savvas D, Bebeli PJ (2017a) Phenotypic diversity 
and evaluation of fresh pods of cowpea landraces from 
Southern Europe. J Sci Food Agric 97(13):4326–4333

Lazaridi E, Ntatsi G, Savvas D, Bebeli PJ (2017b) Diversity in 
cowpea (Vigna unguiculata (L.) Walp.) local populations 
from Greece. Genet Resour Crop Evol 64:1529–1551

Lázaro A, Aguinagalde I (2006) Genetic variation among 
Spanish pea landraces revealed by Inter Simple Sequence 
Repeat (ISSR) markers: its application to establish a core 
collection. J Agric Sci 144(1):53–61

Lertdhamtewe P, Jefferson DJ (2019) A fresh look at the pro-
tection of “domestic” and “wild” plant varieties in Thai-
land. In: Hallewood M (ed) Farmers’ crop varieties and 

farmers’ rights: challenges in taxonomy and law. Rout-
ledge, Oxton, NY, pp 184–211

Li J, Jiggins J, van Bueren ETL, Leeuwis C (2012) Towards a 
regime change in the organization of the seed supply sys-
tem in China. Exp Agric. https:// doi. org/ 10. 1017/ S0014 
47971 20009 7X

Lioi L, Piergiovanni AR, Pignone D, Puglisi S, Santantonio M, 
Sonnante G (2005) Genetic diversity of some surviving 
on-farm italian common bean (Phaseolus vulgaris L.) 
landraces. Plant Breed 124(6):576–581. https:// doi. org/ 
10. 1111/J. 1439- 0523. 2005. 01153.X

Livanios I, Lazaridi E, Bebeli PJ (2017) Assessment of pheno-
typic diversity in bitter vetch (Vicia ervilia (L.) Willd.) 
populations. Genet Resour Crop Evol 65:355–371

Lodhi SS, Maryam S, Rafique K, Shafique A, Yousaf ZA, 
Talha AM, Gul A, Amir R (2020) Chapter  21—Over-
view of the prospective strategies for conservation of 
genomic diversity in wheat landraces. In: Ozturk M, Gul 
A (eds) Climate change and food security with emphasis 
on wheat. Academic Press, pp 293–309

Lopez-Noriega I (2016) Defensive protection of farmers’ varie-
ties. In: Hallewood M (ed) Farmers’ crop varieties and 
farmers’ rights: challenges in taxonomy and law. Rout-
ledge, Oxton, NY, pp 212–248

Lorello IM, Lampasona SCG, Peralta IE (2020) Genetic diver-
sity of squash landraces (Cucurbita maxima) collected in 
Andean Valleys of Argentina. Rev Fac De Cienc Agrar 
Univ Nac Cuyo 52(1):293–313

Louwaars NP (2018) Plant breeding and diversity: a troubled 
relationship? Euphytica 214(114):1–9

Louwaars N, Burgaud F (2016) Variety registration: the evo-
lution of registration systems with a special emphasis 
on agrobiodiversity conservation. In: Hallewood M (ed) 
Farmers’ crop varieties and farmers’ rights: challenges in 
taxonomy and law. Routledge, Oxton, pp 184–211

Lushington K (2012) The registration of plant varieties by 
farmers in India: a status report. Rev Agrar Stud. https:// 
doi. org/ 10. 22004/ ag. econ. 308549

Marone D, Russo MA, Mores A, Ficco DBM, Laidò G, Mas-
trangelo AM, Borrelli GM (2021) Importance of lan-
draces in cereal breeding for stress tolerance. Plants 
10(7):1267. https:// doi. org/ 10. 3390/ plant s1007 1267

Martínez-Moreno F, Igartua E, Solís I (2017) Barley types and 
varieties in spain: a historical overview. Cien Inv Agr 
44(1):12–23

Mazzucato A, Ficcadenti N, Caioni M, Mosconi P, Piccinini 
E, Sanampudi VRR, Sestili S, Ferrari V (2010) Genetic 
diversity and distinctiveness in tomato (Solanum lyco-
persicum L.) landraces: the Italian case study of ‘A pera 
Abruzzese.’ Sci Hortic 125(1):55–62. https:// doi. org/ 10. 
1016/j. scien ta. 2010. 02. 021

McLean-Rodríguez FD, Costich DE, Camacho-Villa TC, Pè 
ME, Dell’Acqua M (2021) Genetic diversity and selection 
signatures in maize landraces compared across 50 years 
of in situ and ex situ conservation. Heredity 126(6):913–
928. https:// doi. org/ 10. 1038/ s41437- 021- 00423-y

Mekonen DA, Abraham A, Oselebe H, Afiukwa C, Ilesanmi O, 
Abebe TD (2022) Genetic diversity and population struc-
ture analysis of Grass pea (Lathyrus sativus L.) acces-
sions collected from North-Western Ethiopia using SSR 

https://doi.org/10.1007/s10722-012-9909-4
https://doi.org/10.1080/21606544.2017.1360212
https://doi.org/10.1080/21606544.2017.1360212
http://eapvp.org/uploads/4-DUS-Test-in-Indonesia-Uniformity-Assessment-Cases.pdf
http://eapvp.org/uploads/4-DUS-Test-in-Indonesia-Uniformity-Assessment-Cases.pdf
https://doi.org/10.4236/as.2021.1212091
https://doi.org/10.4236/as.2021.1212091
https://doi.org/10.4314/jasem.v24i10.12
https://doi.org/10.4314/jasem.v24i10.12
https://doi.org/10.3390/agronomy11020377
https://doi.org/10.3390/agronomy11020377
https://doi.org/10.1023/A:1025075118200
https://doi.org/10.1023/A:1025075118200
https://doi.org/10.1017/S001447971200097X
https://doi.org/10.1017/S001447971200097X
https://doi.org/10.1111/J.1439-0523.2005.01153.X
https://doi.org/10.1111/J.1439-0523.2005.01153.X
https://doi.org/10.22004/ag.econ.308549
https://doi.org/10.22004/ag.econ.308549
https://doi.org/10.3390/plants10071267
https://doi.org/10.1016/j.scienta.2010.02.021
https://doi.org/10.1016/j.scienta.2010.02.021
https://doi.org/10.1038/s41437-021-00423-y


 Genet Resour Crop Evol

1 3
Vol:. (1234567890)

markers. Genet Resour Crop Evol 69:1247–1260. https:// 
doi. org/ 10. 1007/ s10722- 021- 01302-5

Menapace L, Colson G, Grebitus C, Facendola M (2009) Con-
sumer preferences for country-of-origin, geographical 
indication, and protected designation of origin labels. 
Staff General Research Papers Archive 13122, Iowa State 
University, Department of Economics

Mendes-Moreira P, Mendes-Moreira J, Fernandes A, Andrade 
E (2014) Is ear value an effective indicator for maize 
yield evaluation? Food Crop Res 161:75–86. https:// doi. 
org/ 10. 1016/J. FCR. 2014. 02. 015

Meyer RS (2012) Patterns and processes in crop domestica-
tion: an historical review and quantitative analysis of 203 
global food crops. New Phytol 196:29–48

Munyi P (2022) Current developments in seed laws Harmoni-
sation in Africa. Report to the European Commission. 
DeSIRA-LIFT. https:// knowl edge4 policy. ec. europa. eu/ 
publi cation/ curre nt- devel opmen ts- seed- laws- harmo nisat 
ion- africa- 0_ en Accessed 15 Sept 2023

Negisho K, Shibru S, Pillen K, Ordon F, Wehner G (2021) 
Genetic diversity of Ethiopian durum wheat landraces. 
PLoS ONE 16(2):e0247016. https:// doi. org/ 10. 1371/ 
journ al. pone. 02470 16

Negri V (2003) Landraces in central Italy: where and why they 
are conserved and perspectives for their on-farm conser-
vation. Genet Resour Crop Evol 50:871–885. https:// doi. 
org/ 10. 1023/A: 10259 33613 279

Negri V (2005) Agro-biodiversity conservation in Europe: eth-
ical Issues. J Agric Environ Ethics 18:3–25

Negri V (2006) Landrace definition. In: Del Greco A, Negri V, 
Maxted N (compilers) Report of a task force on on-farm 
conservation and management, Second Meeting, 19–20 
June 2006, Stegelitz, Germany. Bioversity International, 
Rome, Italy, p 2

Negri V (2012) Policies supportive of on-farm conservation 
and their impact on custodians farmers in Italy. In: Padu-
losi S., Bergamini N. and Lawrence T. (eds) On farm 
conservation of neglected and underutilized species: 
status, trends and novel approaches to cope with climate 
change. Proceedings of an International Conference, 
Frankfurt, 14–16 June 2011. Bioversity International, 
Rome, pp 211–217

Negri V, Maxted N, Veteläinen M (2009) European landrace 
conservation: an introduction. In: Veteläinen M, Negri V, 
Maxted N (eds) European landraces: on-farm conserva-
tion, Management and Use. Bioversity Technical Bulle-
tin No. 15, Bioversity International, Bioversity Interna-
tional publ, Rome, Italy. http:// www. biove rsity inter natio 
nal. org/ index. php? id= 19& user_ biove rsity publi catio ns_ 
5bsho wUid% 5d= 3252

Negri V, Tosti N (2002) Genetic diversity within a common 
bean landrace of potential economic value: its relevance 
for on-farm conservation and product certification. J 
Genet Breed 56:113–118

Ninou EG, Mylonas IG, Tsivelikas AL, Ralli PE (2017) Phe-
notypic diversity of Greek dill (Anethum graveolens) 
landraces. Acta Agric Scand Sect B Soil Plant Sci 
67(4):318–325. https:// doi. org/ 10. 1080/ 09064 710. 2016. 
12769 57

Ntanasi T, Ntatsi G, Karavidas I, Outos G, Maloukos G, 
Fotopoulos V, Guillaume M, Causse M, Clemente MJ, 

Schubert A, Galmes J, Conesa M, Savvas D (2023) 
Screening local landraces of melon for resilience to salin-
ity stress under hydroponic greenhouse conditions. In: 
Liu F, Wenden B (eds) Proceedings of the international 
symposium on adaptation of horticultural plants to abi-
otic stresses. Acta Hortic 1372. ISHS

Nuijten E, Almekinders CJM (2008) Mechanisms explaining 
variety naming by farmers and name consistency of rice 
varieties in the Gambia. Econ Bot 62:148–160. https:// 
doi. org/ 10. 1007/ s12231- 008- 9012-0

Padilla G, Cartea ME, Soengas P, Ordás A (2007) Charac-
terization of fall and spring plantings of Galician cab-
bage germplasm for agronomic, nutritional, and sensory 
traits. Euphytica 154:63–74. https:// doi. org/ 10. 1007/ 
s10681- 006- 9270-9

Pagnotta MA, Impiglia A, Tanzarella OA, Nachit MM, Por-
ceddu E (2005) Genetic variation of the durum wheat 
landrace Haurani from different agro-ecological regions. 
Genet Resour Crop Evol 51:863–869. https:// doi. org/ 10. 
1007/ s10722- 005- 0775-1

Papa C (1996) The ‘farre de Montelione’: landrace and rep-
resentation. In: Padulosi S, Hammer K, Heller J (eds) 
Hulled Wheats. Promoting the conservation and use of 
underutilised and neglected crops. Proceedings of the 
First International Workshop on Hulled Wheats, 21–22 
July, 1995, Castelvecchio Pascoli, Italy. IPGRI Publisher, 
Rome, pp 154–171

Papa C (1999) Il farro a Monteleone di Spoleto: pratiche 
agrarie, consuetudini giuridiche e ritualità. In: Papa C 
(ed) Il Farro. Saperi, Usi e Conservazione delle Varietà 
Locali. Quaderni del CEDRAV 1. CEDRAV Cerreto di 
Spoleto, Italy, pp 9–26

Papadakis JS (1929) Formes Grecques de blé. Bulletin Scien-
tifique No 1. Station d’Amélioration des Plantes, A Salo-
nique, p 61

Papaioannou C, Fassou G, Petropoulos SA, Lamari FN, Bebeli 
PJ, Papasotiropoulos V (2023) Evaluation of the genetic 
diversity of Greek garlic (Allium sativum L.) accessions 
using DNA markers and association with phenotypic and 
chemical variation. Agriculture 13:1408. https:// doi. org/ 
10. 3390/ agric ultur e1307 1408

Pascual L, Ruiz M, López-Fernández M, Pérez-Peña H, 
Benavente E, Vázquez JF, Sansaloni C, Giraldo P (2020) 
Genomic analysis of Spanish wheat landraces reveals 
their variability and potential for breeding. BMC Genom-
ics. https:// doi. org/ 10. 1186/ s12864- 020- 6536-x

Perera A, Adhikari K (2019) From neglect to protection: recog-
nizing the importance of Farmers’ varieties in Sri Lanka. 
In: Adhikari K, Jefferson DJ (eds) Intellectual property 
law and plant protection challenges and developments in 
Asia. Routledge, Taylor & Francis, New York

Petrova S (2022a) Variability, correlation and path analysis in 
Lupinus albus L. genotypes under South Bulgarian con-
ditions. Bulg J Agric Sci 28(1):117–121

Petrova S (2022b) Assessment of phenotypic diversity of local 
grass pea (Lathyrus sp. L.) accessions based on eco-
nomically important agricultural traits. Bulg J Crop Sci 
59(6):48–53

Pimentel D, McNair S, Janecka J, Wightman J, Simmonds C, 
O’Connell C, Wong E, Russel L, Zern J, Aquino T, Tso-
mondo T (2001) Economic and environmental threats of 

https://doi.org/10.1007/s10722-021-01302-5
https://doi.org/10.1007/s10722-021-01302-5
https://doi.org/10.1016/J.FCR.2014.02.015
https://doi.org/10.1016/J.FCR.2014.02.015
https://knowledge4policy.ec.europa.eu/publication/current-developments-seed-laws-harmonisation-africa-0_en
https://knowledge4policy.ec.europa.eu/publication/current-developments-seed-laws-harmonisation-africa-0_en
https://knowledge4policy.ec.europa.eu/publication/current-developments-seed-laws-harmonisation-africa-0_en
https://doi.org/10.1371/journal.pone.0247016
https://doi.org/10.1371/journal.pone.0247016
https://doi.org/10.1023/A:1025933613279
https://doi.org/10.1023/A:1025933613279
http://www.bioversityinternational.org/index.php?id=19&user_bioversitypublications_5bshowUid%5d=3252
http://www.bioversityinternational.org/index.php?id=19&user_bioversitypublications_5bshowUid%5d=3252
http://www.bioversityinternational.org/index.php?id=19&user_bioversitypublications_5bshowUid%5d=3252
https://doi.org/10.1080/09064710.2016.1276957
https://doi.org/10.1080/09064710.2016.1276957
https://doi.org/10.1007/s12231-008-9012-0
https://doi.org/10.1007/s12231-008-9012-0
https://doi.org/10.1007/s10681-006-9270-9
https://doi.org/10.1007/s10681-006-9270-9
https://doi.org/10.1007/s10722-005-0775-1
https://doi.org/10.1007/s10722-005-0775-1
https://doi.org/10.3390/agriculture13071408
https://doi.org/10.3390/agriculture13071408
https://doi.org/10.1186/s12864-020-6536-x


Genet Resour Crop Evol 

1 3
Vol.: (0123456789)

alien plant, animal, and microbe invasions. Agr Ecosyst 
Environ 84:1–20

Pinheiro de Carvalho MÂA, Slaski JJ, dos Santos TMM, 
Ganança FT, Abreu I, Taylor GJ, Clemente Vieira MR, 
Popova TN, Franco E (2003) Identification of aluminum 
resistant genotypes among Madeiran regional wheats. 
Commun Soil Sci Plant Analy 34:2973–2985

Pinheiro de Carvalho MÂA, Slaski JJ, Abreu I, Ganança 
FT, dos Santos TMM, Freitas L, Clemente Vieira MR, 
Nunes A, Domingues A, Taylor GJ (2004) Factors con-
tributing to the development of aluminium resistance in 
the Madeiran maize germplasm. J Plant Nutr Soil Sci 
167:93–98

Pinheiro de Carvalho MÂA, Ganança JFT, Abreu I, Sousa 
NF, dos Santos TMM, Clemente Vieira MR, Motto M 
(2008) Evaluation of the maize (Zea mays L.) diversity 
on the Archipelago of Madeira. Genet Resour Crop Evol 
55:221–233. https:// doi. org/ 10. 1007/ s10722- 007- 9230-9

Pinheiro de Carvalho MÂA, Sardinha CMS, Gouveia CSS, da 
Silva ES, Nóbrega HGM, Ganança JFT, Nóbrega SR, dos 
Santos TMM (2018) Morphological characterization and 
analysis of zein pattern of the ideotypes of the two major 
maize landraces of Madeira. Maydica 63(3):1–13

Pinheiro de Carvalho MÂA, Ragonezi C, Lopes de Macedo F, 
Antunes G, Freitas G, Nóbrega H (2019) Contributo para 
o conhecimento da agrodiversidade no concelho de Santa 
Cruz. Mad Rev Ciênc Agrár 42(3):575–605

Pinheiro de Carvalho MÂA, de Macedo FL, Nóbrega HGM, 
Freitas JGR, Oliveira MCO, Antunes GNM, Gouveia 
CSS, Ganança JFT (2022) Agrodiversidade, Variedades 
Regionais da Madeira. Funchal, Centro ISOPlexis da 
Universidade da Madeira e ACOESTE - Associação da 
Costa Oeste

Plant Production and Protection Division (2009) International 
treaty on plant genetic resources for food and agriculture. 
Food and Agriculture Organization, p 68. https:// www. 
fao. org/ docum ents/ card/ en/c/ 5895b 670- 1177- 57fb- a40d- 
3ab53 4b110 ad/

Polegri L, Negri V (2010) Molecular markers for promoting 
agro-biodiversity conservation: a case study from Italy. 
How cowpea landraces were saved from extinction. 
Genetic Res Crop Evol 57:867–880. https:// doi. org/ 10. 
1007/ s10722- 009- 9526-z

Polyzos N, Papasotiropoulos V, Lamari FN, Petropoulos SA, 
Bebeli PJ (2019) Phenotypic characterization and qual-
ity traits of Greek garlic (Allium sativum L.) germplasm 
cultivated at two different locations. Genet Resour 
Crop Evol 66:1671–1689. https:// doi. org/ 10. 1007/ 
s10722- 019- 00831-4

Purugganan MD (2019) Evolutionary insights into the nature 
of plant domestication. Curr Biol 29(14):705–714. 
https:// doi. org/ 10. 1016/j. cub. 2019. 05. 053

Pusadee T, Jamjod S, Chiang Y-C, Rerkasem B, Schaal 
BA (2009) Genetic structure and isolation by dis-
tance in a landrace of Thai rice. Proc Natl Acad Sci 
106(33):13880–13885. https:// doi. org/ 10. 1073/ pnas. 
09067 20106

Pusadee T, Wongtamee A, Rerkasem B, Olsen KM, Jamjod 
S (2019) Farmers drive genetic diversity of Thai purple 
rice (Oryza sativa L.) landraces. Econ Bot 73:76–85. 
https:// doi. org/ 10. 1007/ s12231- 018- 9436-0

Raggi L, Caproni L, Negri V (2021) Landrace added value and 
accessibility in Europe: what a collection of case stud-
ies tells us. Biodivers Conserv 30:1031–1048. https:// doi. 
org/ 10. 1007/ s10531- 021- 02130-w

Raggi L, Pacicco LC, Caproni L, Álvarez-Muñiz C, Annamaa 
K, Barata AM, Batir-Rusu D, Díez MJ, Heinonen M, 
Holubec V, Kell S, Kutnjak H, Maierhofer H, Poulsen G, 
Prohens J, Ralli P, Rocha F, Rubio Teso ML, Sandru D, 
Santamaria P, Sensen S, Shoemark O, Soler S, Străjeru 
S, Thormann I, Weibull J, Maxted N, Negri V (2022) 
Analysis of landrace cultivation in Europe: a means to 
support in situ conservation of crop diversity. Biol Con-
serv 267:109460. https:// doi. org/ 10. 1016/j. biocon. 2022. 
109460

Ralli P (2010) The importance of the Greek Genebank for the 
preservation of plant genetic resources and for the con-
servation of the country’s agricultural biodiversity. In: 
The Ark-Old seeds for new cultures. In: 12th interna-
tional Architecture Exhibition—La Biennale di Venezia 
29 Aug–21 Nov 2010. Hellenic Ministry of Environment, 
Energy and Climatic Change, University of Thessaly 
Press, pp 246–249 (in Greek and in English)

Ralli P, Tsivelikas AL, Kotali E, Gatzelaki Ch, Ninou E, Mylo-
nas IG (2011) Characterization and phylogenetic rela-
tionships among indigenous genetic material of pepper 
(Capsicum spp.). In: Proceedings of the 24th conference 
of the Hellenic Society of the Fruit and Vegetable Sci-
ence, Veroia, 20–23 Oct 2009, pp 678–683 (in Greek 
with English abstract)

Ralli P, Tsivelikas AL, Mylonas IG, Ninou E, Palatos G (2012) 
Differentiation and comparative morphological study 
between tobacco accessions (Nicotiana tabacum L.). In: 
Proceedings of the 13th conference of the Hellenic Sci-
entific Society of Plant Breeding, Kalamata, 13–15 Oct 
2010, pp 330–335 (in Greek with English abstract)

Ralli P, Koutis K, Drosou I, Alexandris C (2020) The in situ 
conservation of ‘Arakas for Fava Santorinis’ (Lathyrus 
clymenum L.) in Thera island throughout the centuries. 
In: Negri V, Raggi L, Maxted N (eds) Landraces con-
serving plant diversity for future generations, pp 34–37. 
https:// more. bham. ac. uk/ farme rspri de/ wp- conte nt/ 
uploa ds/ sites/ 19/ 2020/ 02/ Landr aces- issue-5_ final. pdf. 
Accessed 25 Oct 2023

Recha T, Muwanika C, de Jonge B, Mulumba JW, Nankya R 
and Otieno G (2019) Report of the International Work-
shop on Registration of Farmers’ Varieties, 4–7 Decem-
ber 2018, Entebbe, Uganda. Bioversity International, 
Rome, Oxfam Novib, The Hague, National Agricultural 
Research Organisation, Entebbe

Revilla P, Alves ML, Andelkovic V, Balconi C, Dinis I, 
Mendes-Moreira P, Redaelli R, Ruiz de Galarreta JI, 
Vaz Patto MC, Žilic S, Malvar RA (2022) Traditional 
foods from maize (Zea mays L.) in Europe. Front Nutr 
8:683399. https:// doi. org/ 10. 3389/ fnut. 2021. 683399

Rey F, Rivière P, Flipon E, de Buck A, Feher J, Costanzo A, 
Lazzaro M (2021) LIVESEED Frugal, multi-actor and 
decentralised cultivar evaluation models for organic agri-
culture: methods, tools and guidelines. https:// www. lives 
eed. eu/ wp- conte nt/ uploa ds/ 2021/ 02/ 21- 01- 29- LIVES 
EED_ D2_3_ final- compr essed. pdf. Accessed 25 Oct 
2023

https://doi.org/10.1007/s10722-007-9230-9
https://www.fao.org/documents/card/en/c/5895b670-1177-57fb-a40d-3ab534b110ad/
https://www.fao.org/documents/card/en/c/5895b670-1177-57fb-a40d-3ab534b110ad/
https://www.fao.org/documents/card/en/c/5895b670-1177-57fb-a40d-3ab534b110ad/
https://doi.org/10.1007/s10722-009-9526-z
https://doi.org/10.1007/s10722-009-9526-z
https://doi.org/10.1007/s10722-019-00831-4
https://doi.org/10.1007/s10722-019-00831-4
https://doi.org/10.1016/j.cub.2019.05.053
https://doi.org/10.1073/pnas.0906720106
https://doi.org/10.1073/pnas.0906720106
https://doi.org/10.1007/s12231-018-9436-0
https://doi.org/10.1007/s10531-021-02130-w
https://doi.org/10.1007/s10531-021-02130-w
https://doi.org/10.1016/j.biocon.2022.109460
https://doi.org/10.1016/j.biocon.2022.109460
https://more.bham.ac.uk/farmerspride/wp-content/uploads/sites/19/2020/02/Landraces-issue-5_final.pdf
https://more.bham.ac.uk/farmerspride/wp-content/uploads/sites/19/2020/02/Landraces-issue-5_final.pdf
https://doi.org/10.3389/fnut.2021.683399
https://www.liveseed.eu/wp-content/uploads/2021/02/21-01-29-LIVESEED_D2_3_final-compressed.pdf
https://www.liveseed.eu/wp-content/uploads/2021/02/21-01-29-LIVESEED_D2_3_final-compressed.pdf
https://www.liveseed.eu/wp-content/uploads/2021/02/21-01-29-LIVESEED_D2_3_final-compressed.pdf


 Genet Resour Crop Evol

1 3
Vol:. (1234567890)

Ricciardi L, Mazzeo R, Marcotrigiano AR, Rainaldi G, Iovieno 
P, Zonno V, Pavan S, Lotti C (2020) Assessment of 
genetic diversity of the “acquaviva red onion” (Allium 
cepa L.) apulian landrace. Plants 9(2):260. https:// doi. 
org/ 10. 3390/ plant s9020 260

Rivera A, Mallor C, Garcés-Claver A, García-Ulloa A, Pomar 
F, Silvar C (2016) Assessing the genetic diversity in 
onion (Allium cepa L.) landraces from northwest Spain 
and comparison with the European variability. N Z J 
Crop Hortic Sci 44(2):103–120. https:// doi. org/ 10. 1080/ 
01140 671. 2016. 11503 08

Santilli J (2015) Community seed banks and Brazilian laws. In: 
Vernouy R, Shrestha R, Sthapit B (eds) Community seed 
banks and Brazilian laws. Routledge, New York

Santilli J (2016) Commentary on the Brazilian seed law in 
Halewood. Farmers’ crop varieties and farmers’ rights: 
challenges in taxonomy and law. CAB International Pub-
lishing, Wallingford

Sathya A (2014) The art of naming traditional rice varieties and 
landraces by ancient Tamils. Asian Agri Hist 18(1):5–21

Seed Marketing EU legislation stakeholders (2023) Upcoming 
reform of the seed marketing legislation. Joint Letter to 
the European Commission on the EU Seed Marketing 
Legislation signed by 37 NGOs, 31st May 2023. https:// 
www. eurov ia. org/ wp- conte nt/ uploa ds/ 2023/ 05/ Joint- Let-
ter- Reform- of- the- EU- Seed- Marke ting- Legis lation- May- 
2023. pdf. Accessed 15 Sept 2023

Sharma R, Chaudhary L, Kumar M, Yadav R, Devi U, Amit 
KV (2022) Phenotypic diversity analysis of Lens culi-
naris Medik. accessions for selection of superior geno-
types. Sustainability 14:5982. https:// doi. org/ 10. 3390/ 
su141 05982

Shrestha P (2019) The National Seed Policy of Timor-Leste: 
laying the foundation for the regulation of lant varieties 
as intellectual property. In: Adhikari K, Jefferson DJ 
(eds) Intellectual property law and plant protection chal-
lenges and developments in Asia. Routledge, , Taylor & 
Francis, New York

Singh D, Singh R, Saini JS, Singh PK (2018) Morpho-bio-
chemical characterization and D2 analysis of watermelon 
(Citrullus lanatus) landraces from India and exotic germ-
plasm. Indian J Agric Sci 88(10):1633–1639. https:// doi. 
org/ 10. 56093/ ijas. v88i10. 84256

Somma A, Palmitessa OD, Leoni B, Signore A, Renna M, San-
tamaria P (2021) Extra seasonal production in a soilless 
system and characterisation of landraces of Carosello and 
Barattiere (Cucumis melo L.). Sustainability 13:11425. 
https:// doi. org/ 10. 3390/ su132 01142

Spataro G, Negri V (2013) The European seed legislation on 
conservation varieties: focus, implementation, present 
and future impact on landrace on farm conservation. 
Genet Resour Crop Evol 60(8):2421–2430. https:// doi. 
org/ 10. 1007/ s10722- 013- 0009-x

Stavropoulos N, Samaras S, Mattheou A, Ganitis K, Gatzelaki 
C, Kotali E, Lourida V, Moutafidou E, Mylonas I, Ninou 
E, Ralli P, Stathi, A, Tsivelikas A, Psarra E (2008) Col-
lection, rescue and conservation of genetic resources. In: 
The report of NAGREF, Greek Genebank, for Measure 
6.3 Action B of the Operational Program for the Agricul-
tural Development and Reform of the Countryside. Thes-
saloniki, Greece, p 297 (in Greek)

Stefani G, Lombardi GV, Romano D, Cei L (2017) Grass root 
collective action for territorially integrated food supply 
chains: a case study from Tuscany. Int J Food Syst Dyn 
8(4):347–362. https:// doi. org/ 10. 18461/ ijfsd. v8i4. 847

Suso MJ, Bocci R, Chable V (2013) La diversidad, una her-
ramienta poderosa para el desarrollo de una agricultura 
de bajos-insumos. Ecosistemas 22(1):10–15. https:// doi. 
org/ 10. 7818/ ECOS. 2013. 22-1. 03

Šuštar-Vozlič J, Ugrinović K, Maras M, Křístková E, Lebeda 
A, Meglič V (2021) Morphological and genetic diversity 
of Slovene lettuce landrace ‘Ljubljanska ledenka’ (Lac-
tuca sativa L.). Genet Resour Crop Evol 68:185–203. 
https:// doi. org/ 10. 1007/ s10722- 020- 00978-5

Tello J, Roswitha M, Čajić M, Forneck A (2019) Major out-
breaks in the nineteenth century shaped grape phyllox-
era contemporary genetic structure in Europe. Sci Rep 
9:17540. https:// doi. org/ 10. 1038/ s41598- 019- 54122-0

Terzopoulos PJ, Bebeli PJ (2008a) DNA and morphological 
diversity of selected Greek tomato (Solanum lycopersi-
cum L.) landraces. Sci Hortic 116:354–361

Terzopoulos PJ, Bebeli PJ (2008b) Genetic diversity analysis 
of Mediterranean faba bean (Vicia faba L.) with ISSR 
markers. Field Crops Res 108(1):39–44. https:// doi. org/ 
10. 1016/j. fcr. 2008. 02. 015

Terzopoulos PJ, Bebeli PJ (2010) Phenotypic diversity in 
Greek tomato (Solanum lycopersicum L.) landraces. 
Sci Hortic 126:138–144

Terzopoulos PJ, Kaltsikes PJ, Bebeli PJ (2003) Collection, 
evaluation and classification of Greek populations of 
faba bean (Vicia faba L.). Genet Resour Crop Evol 
50:373–381

Terzopoulos PJ, Kaltsikes PJ, Bebeli PJ (2008) Determining 
the sources of heterogeneity in Greek faba bean local 
populations. Field Crop Res 105(1–2):124–130. https:// 
doi. org/ 10. 1016/j. fcr. 2007. 08. 006

Terzopoulos PJ, Walters SA, Bebeli PJ (2009) Evaluation of 
Greek tomato landrace populations for heterogeneity of 
horticultural traits. Eur J Hortic Sci 74:24–29

Thanopoulos R, Chatzigeorgiou T, Argyropoulou K, Kos-
touros N-M, Bebeli PJ (2021) State of crop landraces 
in Arcadia (Greece) and In-situ conservation potential. 
Diversity 13(11):558. https:// doi. org/ 10. 3390/ d1311 
0558

Thomas K, Thanopoulos R, Knüpffer H, Bebeli PJ (2012) Plant 
genetic resources of Lemnos (Greece), an isolated Island 
in the northern Aegean Sea, with emphasis on landraces. 
Genet Resour Crop Evol 59:1417–1440. https:// doi. org/ 
10. 1007/ s10722- 011- 9770-x

Thomas K, Thanopoulos R, Knüpffer H, Bebeli PJ (2013) 
Plant genetic resources in a touristic Island: the case 
of Lefkada (Ionian Islands, Greece). Genet Resour 
Crop Evol 60(8):2431–2455. https:// doi. org/ 10. 1007/ 
s10722- 013- 0011-3

Timaeus J, Weedon OD, Finckh MR (2022) Harnessing the 
potential of wheat-pea species mixtures: evaluation of 
multifunctional performance and wheat diversity. Front 
Plant Sci 13:846237. https:// doi. org/ 10. 3389/ fpls. 2022. 
846237

Tiranti B, Negri V (2007) Selective micro-environmental 
effects play a role in shaping genetic diversity and struc-
ture in a Phaseolus vulgaris L. landrace: implications for 

https://doi.org/10.3390/plants9020260
https://doi.org/10.3390/plants9020260
https://doi.org/10.1080/01140671.2016.1150308
https://doi.org/10.1080/01140671.2016.1150308
https://www.eurovia.org/wp-content/uploads/2023/05/Joint-Letter-Reform-of-the-EU-Seed-Marketing-Legislation-May-2023.pdf
https://www.eurovia.org/wp-content/uploads/2023/05/Joint-Letter-Reform-of-the-EU-Seed-Marketing-Legislation-May-2023.pdf
https://www.eurovia.org/wp-content/uploads/2023/05/Joint-Letter-Reform-of-the-EU-Seed-Marketing-Legislation-May-2023.pdf
https://www.eurovia.org/wp-content/uploads/2023/05/Joint-Letter-Reform-of-the-EU-Seed-Marketing-Legislation-May-2023.pdf
https://doi.org/10.3390/su14105982
https://doi.org/10.3390/su14105982
https://doi.org/10.56093/ijas.v88i10.84256
https://doi.org/10.56093/ijas.v88i10.84256
https://doi.org/10.3390/su13201142
https://doi.org/10.1007/s10722-013-0009-x
https://doi.org/10.1007/s10722-013-0009-x
https://doi.org/10.18461/ijfsd.v8i4.847
https://doi.org/10.7818/ECOS.2013.22-1.03
https://doi.org/10.7818/ECOS.2013.22-1.03
https://doi.org/10.1007/s10722-020-00978-5
https://doi.org/10.1038/s41598-019-54122-0
https://doi.org/10.1016/j.fcr.2008.02.015
https://doi.org/10.1016/j.fcr.2008.02.015
https://doi.org/10.1016/j.fcr.2007.08.006
https://doi.org/10.1016/j.fcr.2007.08.006
https://doi.org/10.3390/d13110558
https://doi.org/10.3390/d13110558
https://doi.org/10.1007/s10722-011-9770-x
https://doi.org/10.1007/s10722-011-9770-x
https://doi.org/10.1007/s10722-013-0011-3
https://doi.org/10.1007/s10722-013-0011-3
https://doi.org/10.3389/fpls.2022.846237
https://doi.org/10.3389/fpls.2022.846237


Genet Resour Crop Evol 

1 3
Vol.: (0123456789)

on-farm conservation. Mol Ecol 16:4942–4955. https:// 
doi. org/ 10. 1111/j. 1365- 294X. 2007. 03566.x

Torricelli R, Tiranti B, Spataro G, Castellini G, Albertini E, 
Falcinelli M, Negri V (2013) Differentiation and struc-
ture of an Italian landrace of celery (Apium graveolens 
L.): inferences for on farm conservation. Genet Resour 
Crop Evol 60:995–1006

Tosti N, Negri V (2005) On-going on-farm microevolutionary 
processes in neighbouring cowpea landraces revealed by 
molecular markers. Theor Appl Genet 110:1275–1283. 
https:// doi. org/ 10. 1007/ s00122- 005- 1964-1

Tsioumani E (2021) Fair and equitable benefit-sharing in 
agriculture: reinventing agrarian justice. Routledge, 
Abingdon

United Nations (2015) Transforming our World: The 2030 
Agenda for Sustainable Development. A/RES/70/1. 
https:// susta inabl edeve lopme nt. un. org/

UPOV (1961) International convention for the protection of 
new varieties of plants of December 2, 1961, as Revised 
at Geneva on November 10, 1972, on October 23, 1978, 
and on March 19, 1991. International union for the pro-
tection of new varieties of plants. UPOV Publication no: 
221(E)

UPOV (2010) Explanatory Notes on the definition of variety 
under the 1991 act of the UPOV convention adopted by 
the Council at its forty-fourth ordinary session on Octo-
ber 21, 2010. International union for the protection of 
new varieties of plants. UPOV/EXN/VAR/1

UPOV (2015) Explanatory notes on variety denominations 
under the UPOV convention. International union for the 
protection of new varieties of plants. UPOV/INF/12/5. 
https:// www. upov. int/ edocs/ infdo cs/ en/ upov_ inf_ 12. pdf. 
Accessed 14 Jan 2022

Varia F, Macaluso D, Vaccaro A, Caruso P, Guccione GD 
(2021) The adoption of landraces of durum wheat in 
sicilian organic cereal farming analysed using a system 
dynamics approach. Agronomy 11:319. https:// doi. org/ 
10. 3390/ agron omy11 020319

Velcheva N, Petrova S (2020) Statistical analysis of genetic 
diversity using faba bean landraces database. Agric Sci 
Technol 12:211–215. https:// doi. org/ 10. 15547/ ast. 2020. 
03. 033

Velcheva N, Stoilova TS, Uzundzhalieva K, Chavdarov P, 
Vasileva E, Petrova S (2022) Inventory of the conserved 
plant gene fund with a view to utilization of its biological 
potential in favor of the healthy nutrition. Bulg J Agric 
Sci 28(5):896–900

Venturelli V, Lazcano C (2022) Chile. In: McKenzie B (ed) 
Plant variety rights summary, pp 113–119. https:// www. 
baker mcken zie. com/ en/ insig ht/ publi catio ns/ guides/ 
global- plant- varie ty- rights- guide

Villa T, Maxted N, Scholten M, Ford-Lloyd B (2005) Defin-
ing and identifying crop landraces. Plant Genet Resour 
3(3):373–384. https:// doi. org/ 10. 1079/ PGR20 0591

Vishnyakova MA, Burlyaeva MO, Bulyntsev SV, Seferova IV, 
Plekhanova ES, Nuzhdin SV (2017) Phenotypic diversity 
of chickpea (Cicer arietinum L.) landraces accumulated 
in the Vavilov collection from the centers of the crop’s 
origin. Russ J Genet Appl Res 7(7):763–772

Winge T (2015) Seed legislation in Europe and crop genetic 
diversity. Sustain Agric Rev 15:1–64

Yahiaoui S, Cuesta-Marcos A, Gracia MP, Medina B, Lasa 
JM, Casas AM, Ciudad FJ, Montoya JL, Moralejo M, 
Molina-Cano JL, Igartua E (2014) Spanish barley lan-
draces outperform modern cultivars at low-productivity 
sites. Plant Breed 133:218–226

Yazdani AT, Ali N (2017) Seed policy in Pakistan: the impact 
of new laws on food sovereignty and sustainable develop-
ment. Lahore J Policy Stud 7(1):77–106

Xanthopoulou A, Ganopoulos I, Kalivas A, Nianiou-Obeidat 
I, Ralli P, Moysiadis T, Tsaftaris A, Madesis P (2015) 
Comparative analysis of genetic diversity in Greek Gene-
bank collection of summer squash (Cucurbita pepo) lan-
draces using start codon targeted (SCoT) polymorphism 
and ISSR markers. AJCS 9(1):14–21

Zafeiriou I, Sakellariou M, Mylona PV (2023) Seed pheno-
typing and genetic diversity assessment of cowpea (V. 
unguiculata) germplasm collection. Agronomy 13:274. 
https:// doi. org/ 10. 3390/ agron omy13 010274

Zeven AC (1998) Landraces: a review of definitions and clas-
sifications. Euphytica 104:127–139

Zeven AC (1999) The traditional inexplicable replacement of 
seed and seed ware of landraces and cultivars: a review. 
Euphytica 110:181–191. https:// doi. org/ 10. 1023/A: 
10037 01529 155

Publisher’s Note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1111/j.1365-294X.2007.03566.x
https://doi.org/10.1111/j.1365-294X.2007.03566.x
https://doi.org/10.1007/s00122-005-1964-1
https://sustainabledevelopment.un.org/
https://www.upov.int/edocs/infdocs/en/upov_inf_12.pdf
https://doi.org/10.3390/agronomy11020319
https://doi.org/10.3390/agronomy11020319
https://doi.org/10.15547/ast.2020.03.033
https://doi.org/10.15547/ast.2020.03.033
https://www.bakermckenzie.com/en/insight/publications/guides/global-plant-variety-rights-guide
https://www.bakermckenzie.com/en/insight/publications/guides/global-plant-variety-rights-guide
https://www.bakermckenzie.com/en/insight/publications/guides/global-plant-variety-rights-guide
https://doi.org/10.1079/PGR200591
https://doi.org/10.3390/agronomy13010274
https://doi.org/10.1023/A:1003701529155
https://doi.org/10.1023/A:1003701529155

	Landrace legislation in the world: status and perspectives with emphasis in EU system
	Abstract 
	Introduction
	Defining landraces
	Why, how, and where landraces are maintained
	The history of landraces legislation

	Landraces’ genetic structure
	The application of DUS legislation system on landraces
	The appropriateness of DUS system for landraces
	Landraces’ mixtures
	Examples of legislation on seed production and marketing systems from the world
	The European Commission Directives for landraces
	The basic structure of EU Directives
	Achievements in landraces registration in the EU common Catalogues (2013 vs 2022)

	Conservation varieties registered per country and species
	Landraces vs obsolete varieties
	The concept of area of origin
	Denomination of landraces

	Landrace seeds’ trade
	Use of landraces in organic agriculture
	Landraces and Farmers’ Rights
	The proposed Regulation of European Commission on plant reproductive material
	Comments on the proposed Regulation of EC on RPM
	Landraces and goals of UN and EU
	Conclusion
	Acknowledgements 
	References


