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Abstract
The loss of plant agro-biodiversity is a global problem with repercussions on both humans 
and (agro-)ecosystems. This article presents the data of a census of the herbaceous lan-
draces currently cultivated in Lombardy (Northern Italy), one of the most industrialized 
regions of Europe, and for which information was previously extremely limited. The census 
showed that 72 herbaceous landraces are cultivated (conserved on farms) in Lombardy yet 
most of them are threatened since they are cultivated by a small number of farmers, mostly 
hobbyists. Only 11% have been the subject of scientific studies while 12.5% are protected 
since they are registered in the European Register of Conservation Varieties. Lombardy 
has lost about 78% of its landraces cultivated over the last 70–80  years. The nutritional 
characteristics of four little-known maize landraces of the Lombardy region recently used 
for the creation of niche food chains were also analyzed. They have a higher content of 
protein (about 12.34%) and phytic acid (about 1.35%), compared to a hybrid maize (B73/
Mo17), while they are slightly poorer in starch (about 77.85%), Mg and Zn. Some of these 
landraces, those with coloured kernels due to the high concentration of polyphenols, have 
high antioxidant activity which makes them interesting for the production of nutraceutical 
foods. 2D-electrophoretic protein profiles highlighted that the four maize landraces are dif-
ferent one from another. Finally, some actions and tools are suggested to favour the in situ 
conservation of plant agro-biodiversity.
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Introduction

Biodiversity conservation has been a much debated issue over recent decades, from a local 
to a global level, as the number of endangered species is increasing alarmingly. In fact, 
according to the latest report from the International Union for Conservation of Nature 
(IUCN), 63% of cycads, 40% of amphibians, 35% of dicots, 34% of reptiles, 34% of coni-
fers, 33% of corals, 31% of sharks and rays, 27% of crustaceans, 25% of mammals, 14% of 
birds, 7.5% of gastropods, 7% of bony fishes and 4% of cephalopods were threatened (criti-
cally endangered, endangered or vulnerable) (IUCN 2019). The loss of biodiversity does 
not only concern wild species, but also those living beings (animals, plants and micro-
organisms) that are used directly or indirectly for food and agriculture and which, together, 
constitute a part of biological diversity defined as agro-biodiversity (FAO 1999). These 
genetic resources, which are the result of natural selection and processes of domestication 
and selection performed by mankind since the start of agriculture, have undergone (and are 
undergoing) heavy losses over the last decades (FAO 2004, 2010). The Food and Agricul-
ture Organization of the United Nations (FAO) estimates that about 75% of global agro-
biodiversity has been lost over the last century and that three-quarters of food world-wide 
is produced by only 12 plant species and five animal species (Hammer et al. 1996; FAO 
1999, 2004, 2010; Rischkowsky and Pilling 2007; Esquinas-Alcázar 2010). This loss repre-
sents a serious problem that, in addition to impoverishing the planet’s biodiversity, reduces 
the diversity of food available to humans (and other living beings) (Frison et al. 2011), the 
historical and cultural heritage linked to agri-food traditions that identify specific popula-
tions and/or territories, and the availability of genetic resources for genetic crop improve-
ment programs (Yadav and Bidinger 2007; Ceccarelli 2012; Puglisi et al. 2018).

In recent decades there have been several international conferences during which scien-
tists and politicians were able to discuss issues related to the conservation of agro-biodiver-
sity, including the Convention on Biological Diversity (CBD 1992, 2002, 2010; Bragdon 
1996; Paton et al. 2008) and the International Treaty on Plant Genetic Resources for Food 
and Agriculture (FAO 2009), on which the Global Strategy for Plant Conservation is based 
(Sharrock et al. 2014). This has led to the drawing up of international guidelines and strate-
gies such as, for the European Union (EU), the EU Biodiversity Strategy 2020 (EU Com-
mission 2010) and the 2030 Agenda for Sustainable Development (United Nations 2015) 
including principles which have been integrated into some European Directives (Directive 
2008/62/EC 2008; Directive 2009/145/EC 2009; Directive 2010/60/EU 2010) and hence 
acquired by EU member states.

Among the various taxa that make up agro-biodiversity that of herbaceous plants 
requires particular attention due to the high number of species/varieties and their vulner-
ability. Many of the herbaceous plants used in agriculture are in fact annual species (thero-
phytes) which, if not cultivated by farmers, can face extinction within a few years. To coun-
teract the risk of extinction, various seed banks have been created all over the world (Peres 
2016; O’Donnell and Sharrock 2017; Al-Turki et al. 2018) with the objective of preserv-
ing ex situ plant genetic resources including landraces (understood as dynamic populations 
of cultivated plants that have historical origin and distinct identity, and lack formal crop 
improvement, as well as often being genetically diverse, locally adapted and associated 
with traditional farming systems (Camacho Villa et al. 2005) still cultivated in open fields 
or in home gardens (garden-race/garden-crop) (Zeven 1998; Negri 2003) and those whose 
cultivation has been replaced by that of more productive commercial varieties/hybrids 
(Srinivasan et al. 2003). In addition to this “static” strategy of conservation, more recently 
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conservation actions have been launched in situ (on farm) that allow selection to act so that 
genetic changes in populations occur with time (“dynamic” conservation) (Frankel et al. 
1995; Hammer et al. 2003; Jackson et al. 2007; Veteläinen et al. 2009). The European Reg-
ister of Conservation Varieties represents one of the most modern instruments for in situ 
conservation of landraces adopted by the EU (Spataro and Negri 2013). It envisages the 
figure of the custodian farmer who is responsible for the production of seed (produced in 
purity) in the area where the landrace is traditionally cultivated (except for limited excep-
tions). Italy, too, whose agri-food sector is of great economic importance (USDA 2017), 
is affected by the loss of landraces (Laghetti et al. 1993; Hammer et al. 1996; Negri 2003; 
Pacicco et  al. 2018), although a significant number of unknown landraces could be still 
isolated in farms (Montesano et al. 2012). In fact, there is still little information regarding 
garden-crops as many of the collecting missions carried out in the past were mainly con-
centrated on major crops grown in fields “easy” to reach. However, Italy is legislating to 
counteract the problem of landrace loss by following EU guidelines. In particular, with the 
recent law of 1st December 2015 n. 194 (“Provisions for the conservation and enhancement 
of biodiversity of agricultural and food interest”) (Law 2015/194 2015) Italy established 
the principles for the establishment of a national system of conservation and enhancement 
of biodiversity of agricultural and food interest, aimed at protecting local genetic resources 
of food and agricultural interest from the risk of extinction and genetic erosion. This pro-
tection system, which is currently being launched, will collect all the information regarding 
landraces present in the various Italian regions.

Lombardy is one of the most important regions of Italy, being its fourth largest region 
(23.8  km2), hosting over 10 million people (about one-sixth of the total Italian popula-
tion) and is one of the most productive Italian regions in terms of horticulture and cere-
als (ISTAT 2010; ISMEA 2014). Moreover, about 36% of Italy’s gross domestic product 
(GDP) is produced by Lombardy, making it the most populous and richest region in the 
country and one of the richest regions of the Alpine macro-Region (EUSALP) and in 
Europe (EU Commission 2017). Lombardy Region, which established the procedure for 
the registration of landraces in the European Register of Conservation Varieties only in 
2013 (Legislative Decree 2013/9167 2013), does not yet have a complete list of its her-
baceous landraces (currently cultivated) to provide to the Italian national system for the 
conservation and enhancement of biodiversity of agricultural and food interest. This, in 
addition to preventing the conservation of agro-biodiversity, does not even allow the study 
and enhancement of landraces that could be particularly interesting for starting up unique 
high quality agri-food chains of low environmental impact that could be strategic for smart, 
sustainable and inclusive growth (Cleveland et al. 1994; Fideghelli and Engel 2009; EU 
Commission 2010; Newton et al. 2010). For these reason this research aims to:

• Perform a census of, and map, the herbaceous landraces currently cultivated in Lom-
bardy so as to be able to provide information about these landraces to the Italian 
national system for the conservation and enhancement of biodiversity of agricultural 
and food interest, and hence protect, study and enhance them.

• Identify, and map, the main subjects (organizations, associations, consortia, universi-
ties, research centres, etc.) that deal with the study, conservation and promotion of the 
plant agrobiodiversity of Lombardy in order to have an overall picture of those active in 
the sector today.

• Characterize the content of nutritionally-relevant compounds in the kernels of four lan-
draces of Lombardy maize (Zea mays) recently registered in the European Register of 
Conservation Varieties (“Spinato di Gandino”, “Rostrato Rosso di Rovetta”, “Nero Spi-
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noso” (Cassani et al. 2017) and “Scagliolo di Carenno”); because their on-farm con-
servation can be favoured by knowledge of their nutritional characteristics (currently 
mostly unknown) by producers and consumers who are the main subjects on which 
agri-food chains are based.

• Suggest tools and/or improvement actions that may be useful not only to Lombardy 
Region but also to Italy and other countries that are active or becoming active in safe-
guarding plant agro-biodiversity and therefore share the results of this case study so 
that they can be useful beyond Lombardy and represent an opportunity to solicit spe-
cific intervention from local, regional, national and international administrations/policy 
makers.

This research was conducted as part of a three-year project (2016–2018) supported by 
Lombardy Region and it is a joint work between a research institute, a territorial manage-
ment body and the farmers who cultivate and preserve landraces.

Materials and methods

Census of lombardy landraces

Information regarding the presence of landraces in the territory of the Lombardy region 
was collected by bibliographic research and by interviewing elderly farmers. In addition, 
an online questionnaire was created using Google Form to highlight the presence of farm-
ers who still cultivate landraces, as performed by Last et al. (2014) and Giupponi et al. 
(2019). The questionnaire consisted of three sections: the first contained a brief description 
of the research project; the second, sections to be filled in regarding landrace data (tradi-
tional name, common and/or scientific name of the species, use, historical information, rar-
ity, agronomic/morphological/ecological/gastronomic characteristics, level of protection); 
the third, sections to be filled in with the data of the custodian farmer (name, surname, 
age, name of farm if appropriate, place where the landrace is grown, number of years the 
landrace has been grown, e-mail, telephone number and address). The compilation of some 
sections of the questionnaire, those most important for research purposes (traditional name 
of the landrace, number of years the landrace has been grown, name, surname, telephone 
number and address information of the custodian farmer), was made compulsory through 
Google Form functions and, at the end of the questionnaire, authorization was requested 
for the processing of personal data according to current legislation and research objectives. 
The questionnaire was sent to over 15,000 contacts throughout the territory of the Lom-
bardy Region and nearby areas. Information was also collected in a similar way regarding 
the associations and bodies that currently deal with the conservation, study and enhance-
ment of landraces of Lombardy. To reach as many people as possible, information about 
the initiative was also provided by local media and promoted at conferences and meetings 
on topics related to agriculture and the conservation of agro-biodiversity. Landrace data, 
collected through online questionnaires, were checked (so that they corresponded to the 
characteristics stated by Camacho Villa et al. (2005) and had been cultivated on site for at 
least 30 years) and/or implemented by contacting those who had completed the question-
naire. In some cases, in order to confirm/identify doubtful species, detailed photos were 
requested from the custodian farmers. Plant identification was performed using the dichot-
omous keys of Pignatti (1982) and its nomenclature was adopted. Finally, bibliographic 
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research was carried out in order to collect all the scientific studies (genetic, morphologi-
cal, phytochemical and nutritional) conducted on the landraces identified to understand the 
level of scientific knowledge regarding the landraces of Lombardy. This research was per-
formed using data of the latest landrace inventories published for Lombardy as a starting 
point (Laghetti et al. 1993; Bertolini 2002; Negri et al. 2013) as well as the main scientific 
research digital databases (Web of Science, Scopus, ScienceDirect, Researchgate).

Plant material and nutritional analysis of maize landraces

The seed samples of the four landraces of maize registered in the European Register of 
Conservation Varieties (“Spinato di Gandino”, “Rostrato Rosso di Rovetta”, “Nero Spi-
noso” and “Scagliolo di Carenno”) were collected in November 2016 in the four areas 
in Lombardy where they are cultivated by custodian farmers: Gandino (Latitude: 45° 
48′ N, Longitude: 9° 54′ E, Elevation: 530 m a.s.l.), Rovetta (Latitude: 45° 53′ N, Lon-
gitude: 9° 59′ E, Elevation: 650 m a.s.l.), Esine-Piancogno (Latitude: 45° 55′ N, Longi-
tude: 10° 13′ E, Elevation: 670 m a.s.l.) and Carenno (Latitude: 45° 48′ N, Longitude: 
9° 27′ E, Elevation: 640 m a.s.l.). The seeds were then sown at the beginning of May 
2017 in the experimental fields of Landriano (Latitude: 45° 19′ N, Longitude 9° 15′ 
E, Elevation: 90  m a.s.l.) in the same agronomic and environmental conditions so as 
to minimize the variation of the nutritional characteristics of the different seeds due 
to environmental effects (soil, climate and agronomic techniques). In addition to the 
four landraces one of the most common commercial hybrids (hybrid B73/Mo17), used 
in various agronomic and genetic research projects (Eichten et al. 2011; Cassani et al. 
2017; Puglisi et al. 2018), was also sown to be used as a control. About 200 seeds, for 
all genotypes tested, were sown in adjacent rows (the spacing between the rows was 
0.70 m and approximately 0.22 m along the rows), under the same agronomic conditions 
and performing controlled pollination. The experimental fields were in a maize–maize 
rotation with a standard soil fertilization (240 kg/ha of nitrogen). In early April, the soil 
was tilled by a disk plow and fine tilled by a harrow. Weed management was carried out 
by a pre and post emergent herbicides treatment. The fields were not irrigated. About 80 
ears of each genotype were shelled (October 2017) and the seeds obtained were mixed 
to create a single bulk for nutritional analysis.

Nutritional analysis of the seed was performed during 2018 after grinding about 
500 g of seeds of each type of corn. In detail, the following parameters were evaluated 
(each analysis was performed in triplicate):

• Metals content—for the determination of Mg, K, Ca, Mn, Fe, Cu, Zn and P, 0.3 g 
of maize flour samples were digested by a microwave digestor system (Anton Paar 
MULTIWAVE-ECO) in Teflon tubes filled with 10  ml of 65%  HNO3 by applying 
a one-step temperature ramp (at 210  °C in 10  min, maintained for 10  min). After 
20 min of cooling time, the mineralized samples were transferred into polypropylene 
test tubes. Samples were diluted 1:40 with MILLI-Q water and the concentration of 
elements was measured by ICP-MS (BRUKER Aurora-M90 ICP-MS). An aliquot 
of a 2 mg l−1 of an internal standard solution (72Ge, 89Y, 159 Tb) was added both 
to samples and calibration curve to give a final concentration of 20 μg  l−1. Typical 
polyatomic analysis interferences were removed by using CRI (Collision-Reaction-
Interface) with an H2 flow of 93 ml min−1 flown through skimmer cone.
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• Dry matter/moisture, ash, crude fiber and ether extract (fat) were analysed, using 
approximately 50 g of seeds for each genotype, according to AOAC standard methods 
(AOAC 2000).

• Protein quantification was determined on the basis of the total nitrogen content accord-
ing to Kjeldahl (Liu and Pan 2017) by using a Buchi KC530 apparatus. A converting 
factor of 6.25 was used.

• Total starch amounts were determined according to the AOAC 2002.02 by using a 
Megazyme kit (Wicklow, Ireland), following the manufacturer’s instructions. For sam-
ple preparation, kernels were ground and about 1 g of each flour was incubated with 
20 ml of dimethyl sulfoxide and 5 ml of 8 M HCl for 1 h at 60 °C under vigorous shak-
ing. Then, 50 ml of deionized water were added, pH adjusted to 4.5 with 5 M NaOH, 
samples were finally filtered through Whatman filter paper and used for the assay.

• Antioxidant activity was carried out using radical conversion assay based on the 
α-diphenyl-β-picrylhydrazyl (DPPH) reagent (MacDonald-Wicks et al. 2006). For sam-
ple preparation, kernels were ground and about 1 g of each flour was extracted over-
night at 25 °C under mild shaking with 10 ml of an ethanol/HCl mixture (65 volumes of 
95% ethanol and 35 volumes of aqueous 0.3 M HCl). Each of the samples was diluted 
serially with methanol. Each of these samples was then further diluted with methanol. 
200 μl of sample were respectively taken and the volume was made uniformly to 1 ml 
using the DPPH solution previously prepared: 800 μl DPPH was added to each sample.

• Phytates (phytic acid) content were quantified enzymatically (McKie and McCleary 
2016), by using a Megazyme kit (Wicklow, Ireland), following the manufacturer’s 
instructions.

• Polyphenols content was determined according to Folin–Ciocalteau (Singleton et  al. 
1999). For sample preparation, kernels were ground and about 1 g of each flour was 
extracted overnight at 25 °C under mild shaking with 10 ml of an ethanol/HCl mix-
ture (65 volumes of 95% ethanol and 35 volumes of aqueous 0.3 M HCl). Aliquots of 
extract (50 μl) were taken, and then 500 μl of Folin reagent, 2 ml of 15%  Na2CO3 and 
9.5 ml of water were added. After 1 h of incubation at room temperature, the absorb-
ance was read at 765 nm at the spectrophotometer. A calibration curve was prepared, 
using gallic acid as a standard for quantification.

In addition, SDS-PAGE and 2D-electrophoretic (IEF/SDS-PAGE) protein profiles were 
compared for the four landraces of maize. Total proteins were extracted from the kernels 
according to Magni et  al. (2007). 1D- and 2D-electrophoretic analysis was performed 
according to Capraro et al. (2018).

The seed nutritional data of each genotype were used to perform analysis of variance 
(one-way ANOVA) and principal component analysis (PCA) in order to highlight the dif-
ferences/similarities among the genotypes and the main variables that differentiated them. 
For antioxidant activity the opposite numbers values were used. Statistical analysis was 
performed using R 3.5.1 (R Development Core Team 2018).
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Results

Lombardy landraces

The census of the herbaceous landraces currently cultivated in Lombardy provided 237 
completed questionnaires and allowed the identification of 72 landraces (Fig.  1) mostly 
cultivated/conserved in mountain areas (Fig. 2). Most of them belong to the Graminaceae 
family (Fig. 3) and 60% are Zea mays. The Leguminosae represent the second group in 
terms of number and 84% are bean landraces (Phaseolus spp.) which are mainly cultivated 
in the mountain areas of Lombardy. The Cucurbitaceae are mostly represented by melons 
(Cucumis melo) (40%) and squashes (Cucurbita maxima) (30%) cultivated in the plain (Po 
Valley), while most of the Solanaceae are potatoes (Solanum tuberosum) (77%) grown in 
mountain areas. 70% of the Liliaceae are onion (Allium cepa) landraces. More informa-
tion on the landraces identified is reported in Online Resource 1 and in a specific section 
of the UNIMONT web site (https ://www.unimo ntagn a.it/servi zi/agrob iodiv ersit a-veget 
ale/) which is free to use. There are 36 associations and organizations distributed through-
out the Lombardy region that deal with the conservation, study and/or enhancement of 
agro-biodiversity (Fig. 4). 24 of them (67%) are associations or consortia of farmers that 
deal, in most cases, with the cultivation and enhancement of a single landrace. There-
fore, most of the Lombardy landraces are cultivated and conserved by individual farm-
ers (mostly hobby farmers) who are not affiliated with any association/institution. Analysis 
of the completed questionnaires showed that a large number (60%) of the farmers who 
wanted to indicate their age (97), are over 50. This is in accordance with the results of the 
research carried out in the inland areas of the Basilicata Region (Southern Italy) by Monte-
sano et al. (2012). There are very few scientific studies concerning specific Lombardy lan-
draces and these include only 8 (11%) of the landraces surveyed: “Nustran” and “Curunin” 
buckwheats (Fagopyrum esculentum) (Barcaccia et al. 2016; Capraro et al. 2018), “Nero 
Spinoso” maize (Zea mays) (Cassani et  al. 2017; Puglisi et  al. 2018), “Spinato di Gan-
dino” maize (Puglisi et al. 2018), “Copafam” bean (Phaseolus coccineus) (Giupponi et al. 
2018), “Berrettina di Lungavilla” and “Cappello da prete mantovana” squashes (Cucurbita 
maxima) (Orsenigo et al. 2018), “Grano siberiano valtellinese” Tartary buckwheat (Fag-
opyrum tataricum) (Giacomini 1954; Capraro et al. 2018; Giupponi et al. 2019). Only 9 
(12.5%) Lombardy landraces are on the European Register of Conservation Varieties: 4 
maize (“Spinato di Gandino”, “Rostrato Rosso di Rovetta”, “Nero Spinoso”, “Scagliolo di 
Carenno”), 2 onions (“Rossa di Breme” and “Dorata di Voghera”), 1 rice (“Vialone nero 
di S. Alessio”), 1 squash (“Cappello da prete mantovana”) and 1 bean (“Borlotto di Gam-
bolò”) (Fig. 2).

Nutritional features of maize landraces

Table 1 shows the nutritional analysis values of the Lombardy maize landraces regis-
tered in the European Register of Conservation Varieties and of the B73/Mo17 hybrid 
used as a control, and reports the p-values returned by ANOVA test. The five genotypes 
differ significantly (p < 0.01) from each other for most of the characteristics exam-
ined. Compared to the control, the seeds of the four landraces have a greater content 
in moisture, protein, P and phytic acid; they are instead poorer in starch, Mg and Zn. 
“Nero Spinoso” has the highest amount of polyphenols and Ca. “Spinato di Gandino” 

https://www.unimontagna.it/servizi/agrobiodiversita-vegetale/
https://www.unimontagna.it/servizi/agrobiodiversita-vegetale/
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Fig. 1  The 72 herbaceous landraces cultivated in Lombardy: 1 “Nero Spinoso” maize, 2 “Spinato di 
Gandino” maize, 3 “Rostrato Rosso di Rovetta” maize, 4 “Scagliolo di Carenno” maize, 5 “Quarantino 
bresciano” maize, 6 “Mais delle Fiorine”, 7 “Orobico brembano” maize, 8 “Ottofile pavese” maize, 9 “Ros-
trato Valchiavenna” maize, 10 “Pop corn” maize, 11 “Taiolone” maize, 12 “Ottofile mantovano” maize, 13 
“Ottofile bianco mantovano” maize, 14 “Vialone nero di S. Alessio” rice, 15 “Dellarole” rice, 16 “Rosa 
Marchetti” rice, 17 “Chinese originario” rice, 18 “Orzo di Vezza”, 19 “Orzo di Pedenosso”, 20 “Segale di 
Doverio”, 21 “Grano siberiano valtellinese”, 22 “Curunin” buckwheat, 23 “Nustran” buckwheat, 24 “Patata 
di Bossico”, 25 “Patata blu di Valtellina”, 26 “Patata San Carlo”, 27 “Patata bianca di Esino”, 28 “Patata 
bianca di Starleggia”, 29 “Patata rossa di Starleggia”, 30 “Patata di Schilpario”, 31 “Bianco mantovano” 
pepper, 32 “Peperone di Voghera”, 33 “Emma” bean, 34 “Borlotto di Gambolò” bean, 35 “Mangiatutto di 
Ossimo” haricot, 36 “Bianco di Edolo” haricot, 37 “Cornetto di Loritto”, 38 “Cornetto torto”, 39 “Dihiplì” 
bean, 40 “Borlotto nostrano” bean, 41 “Fagiolo di Cevo”, 42 “Fagiolo di Garda”, 43 “Fagiolo di Zazza”, 
44 “Fagiolino zio Doro”, 45 “Copafom” bean, 46 “Fagiolo di Sussia”, 47 “Pisello di Miradolo Terme”, 48 
“Fava di montagna”, 49 “Caffè amaro”, 50 “Brutto ma buono” beans, 51 “Copafam” bean, 52 “Paglierina 
di Sermide” onion, 53 “Dorata di Voghera” onion, 54 “Rossa di Breme” onion, 55 “Cipolla di Brunate”, 56 
“Hispisighì” onion, 57 “Asparago di San Benedetto Po”, 58 “Montina” asparagus, 59 “Moscatello” melon, 
60 “Retato di Calvenzano” melon, 61 “Rampeghin piccolo” melon, 62 “Zatta” melon, 63 “Anguria da mos-
tarda a semi rossi”, 64 “Anguria da mostarda a semi verdi”, 65 “Cappello da prete mantovana” squash, 66 
“Bertagnina di Dorno” squash, 67 “Berrettina di Lungavilla” squash, 68 “Ciuenlai” quechua, 69 “Radici di 
Soncino”, 70 “Carciofo di Malegno”, 71 “Spinacio nostrano”, 72 “Rapa di Lozio”
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is the richest in fats, K and Cu while it is the poorest in fiber, polyphenols, Ca, Mn and 
Fe. “Rostrato Rosso di Rovetta” is the richest in starch (compared to the other three 
landraces) and the poorest in fats, Mg, K and Zn. “Scagliolo di Carenno” is the rich-
est in protein, Mn, Fe and P, and is the poorest in starch and Cu. The landrace that has 
the greatest antioxidant activity (i.e. the lowest concentration of the sample required to 
halve the DPPH) is “Nero Spinoso” followed by “Rostrato Rosso di Rovetta”. “Scagl-
iolo di Carenno” is the one with the lowest antioxidant activity and with the highest 
content in phytic acid. The PCA biplot (Fig. 5) shows that the variables that most affect 
the ordering of samples along the first axis (PC1) are: the content of Ca, moisture and 
protein, which decrease along the PC1, and the content of Zn and K whose values 
increase along the PC1. Along the second axes (PC2) the samples are mainly ordered 
according to antioxidant activity and Cu content, whose values increase along the axis, 
and Fe and phytic acid content which decrease along the axis. The SDS-PAGE pro-
tein profile (Fig. 6) shows that, from a qualitative point of view, the four samples are 
quite similar to each other. All have a high fraction of α-zein (molecular weight bands 

Fig. 1  (continued)
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Fig. 2  Localization of the 72 landraces of Lombardy. The numeric identification code of each landrace is 
the same used in Fig. 1

Fig. 3  Subdivision of the herbaceous landraces of Lombardy according to plant family
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within 19–22  kDa) that is the most abundant fraction (more than 70%) of the total 
zein (Anderson and Lamsal 2011). However, with a more in-depth analysis carried out 
by 2D-electrophoresis, significant differences become evident (Fig.  7). In particular, 
“Nero Spinoso” has protein fractions with high molecular weight and protein fractions 
of molecular weight between 19 and 22 kDa (zein) that are not present in other lan-
draces, while “Spinato di Gandino” and “Scagliolo di Carenno” have a protein fraction 
(of molecular weight corresponding to the zeins) which differentiates them from other 
samples.

Fig. 4  Location of associations/bodies involved in the study, conservation and enhancement of plant 
agro-biodiversity in Lombardy: 1 Cipolla di Brunate association, 2 Patata Bianca di Esino consortium, 3 
Patata di Starleggia association, 4 Patrimont Valtellina e Valchiavenna association, 5 Ruralp association, 6 
L’Antica Terra social cooperative, 7 Consorzio Agrituristico Mantovano consortium, 8 Produttori di Zucca 
Bertagnina di Dorno association, 9 Produttori Fagiolo Borlotto di Gambolò consortium, 10 Municipality 
of Breme, 11 Zucca Berrettina di Lungavilla association, 12 Tutela e Valorizzazione Peperone di Voghera 
(PepeVo) association, 13 Amici di Miradolo association, 14 Giardino Alpino Valcava association, 15 Agri-
coltori Valle San Martino association, 16 Cipolla Dorata di Voghera association, 17 Comunità Montana 
Valchiavenna, 18 Rosso Mais association, 19 Mais Spinato di Gandino association, 20 Grani Asta del Serio 
association, 21 Cerealicoltori Brembani association, 22 Mais Nero Spinoso association, 23 Ge.S.Di.Mont. 
Research Centre, 24 Lorenzo Rota Botanical Garden, 25 University of Milan, 26 University of Pavia, 27 
Pro Specie Rara association, 28 Biodistretto Valle Camonica, 29 CREA Research Center (center for maize 
cultivation), 30 CREA Research Centre (seed testing and certification), 31 Fondazione Fojanini di Studi 
Superiori Research Centre, 32 Fondazione Minoprio Research Centre, 33 Lombardy Region, 34 Adamello 
Regional Park, 35 Asparago S. Benedetto Po association, 36 Promozione Sociale Grani di Tradizione 
dell’Oltrepò association
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Table 1  Results of nutritional analysis of the seeds of maize landrace and of hybrid B73/Mo17. P-values returned by one-way ANOVA are reported

*Significant (p-value < 0.01)

Nero Spinoso Spinato di Gandino Rostrato Rosso di 
Rovetta

Scagliolo di Carenno Hybrid B73/Mo17 p value 

Mean SD Mean SD Mean SD Mean SD Mean SD

Moisture (%) 9.70 0.15 8.91 0.71 9.10 0.71 9.08 0.31 7.68 0.34 < 0.001*
Ash (%) 1.76 0.40 1.84 0.06 1.41 0.02 1.77 0.08 1.79 0.05 < 0.001*
Protein (% DW) 12.49 0.59 11.88 1.32 12.28 0.70 12.71 0.37 8.54 0.29 < 0.001*
Fat (% DW) 4.53 0.04 6.52 1.46 4.02 0.31 5.85 0.50 4.63 0.02 0.001*
Starch (% FW) 77.60 0.49 78.80 0.14 79.80 1.13 75.20 1.48 80.65 0.64 < 0.001*
Fiber (% DW) 1.44 0.04 1.23 0.01 1.36 0.14 1.44 0.09 1.35 0.06 0.001*
Antioxidant activity (mg ml−1) 0.87 0.03 1.10 0.04 0.93 0.05 1.74 0.08 0.99 0.03 < 0.001*
Phytic acid (% FW) 1.27 0.14 1.27 0.11 1.31 0.03 1.54 0.09 1.03 0.05 < 0.001*
Phenolic content (GAE) 0.16 0.02 0.11 0.03 0.15 0.01 0.12 0.02 0.12 0.02 0.036
Mg (g kg−1) 1.74 0.15 1.76 0.07 1.48 0.04 1.88 0.02 1.92 0.09 < 0.001*
K (g kg−1) 4.58 0.40 5.26 0.13 3.65 0.12 4.57 0.07 5.03 0.11 < 0.001*
Ca (mg kg−1) 67.18 16.00 39.01 3.56 61.88 14.03 58.81 8.94 53.94 4.65 0.168
Mn (mg kg−1) 6.33 0.50 5.37 0.03 6.02 0.29 9.40 0.14 9.36 0.05 < 0.001*
Fe (mg kg−1) 24.36 2.49 22.36 1.57 24.14 1.23 29.78 1.17 25.17 1.34 0.001*
Cu (mg kg−1) 2.14 0.17 2.25 0.23 1.91 0.12 1.33 0.24 1.61 0.31 < 0.001*
Zn (mg kg−1) 21.64 1.14 24.82 1.11 19.11 1.24 22.75 0.41 27.96 1.69 < 0.001*
P (g kg−1) 4.83 0.13 4.58 0.12 4.24 0.11 4.94 0.05 3.90 0.16 < 0.001*
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Discussions

The analysis of the data collected in the census of the landraces of Lombardy has revealed 
a fair number of traditional varieties still present in the territory, although most of them are 
at great risk of extinction as they are cultivated by just a few farmers (mostly hobbyists). 
Unfortunately it is difficult to calculate the loss of plant agro-biodiversity in Lombardy 
due to the lack of data referring to past situations. Such loss can however be estimated by 

Fig. 5  PCA biplot of maize 
samples: a “Nero Spinoso”; 
b “Spinato di Gandino”; c 
“Rostrato Rosso di Rovetta”; d 
“Scagliolo di Carenno”; s Hybrid 
B73/Mo17. The first two axes 
(PC1 and PC2) explain 70.32% 
of the total variance

Fig. 6  One-dimension elec-
trophoretic profiles of protein 
extracted from seeds of “Nero 
Spinoso” (A), “Spinato di 
Gandino” (B), “Rostrato Rosso 
di Rovetta” (C), “Scagliolo di 
Carenno” (D), Hybrid B73/Mo17 
(S). M, molecular weight marker. 
The α-zein are highlighted in 
the box
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Fig. 7  Two-dimension elec-
trophoretic maps of proteins 
extracted from seeds of “Nero 
Spinoso” (a), “Spinato di 
Gandino” (b), “Rostrato Rosso 
di Rovetta” (c), “Scagliolo di 
Carenno” (d). Some protein frac-
tions (a, b and c) are present in 
all the samples while others (d, e, 
f and g) are present only in some 
landraces
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taking into consideration the data referring to maize landraces. In fact, it is known that, 
until the 1940s and 1950s, at least 54 landraces were cultivated in Lombardy (Bertolini 
2002) while today, based on the data collected in this research, there are just 12. Therefore, 
as regards Lombardy maize, 78% of the landraces cultivated in situ would have been lost 
over the last 70-80 years, a value that is in line with FAO estimates on the global loss of 
plant agro-biodiversity (FAO 2004).

Fortunately, the 54 landraces of Lombardy maize cultivated in the last century have 
been preserved in seed banks (Bertolini 2002) but this is an exception since most of the 
other landraces (vegetables and minor cereals) that used to be grown have not been con-
served in seed banks and, moreover, their extinction rate could be much higher than that of 
maize landraces. Analysis of the data has shown a certain variability of the taxa (species, 
genus, family) to which the various herbaceous landraces belong and this seems due to the 
fact that Lombardy has a territory with very diversified environments that have favored 
the cultivation/conservation of different species. In fact all the Cucurbitaceae and the rice 
landraces are present in the plain (Po Valley) while beans, potatoes, and minor cereals are 
mostly widespread in mountain environments (Fig. 2), where they find the conditions suit-
able for their growth or where, more simply, the specific environmental conditions have not 
allowed the cultivation of more productive species.

Most of the landraces in the census are to be found in mountain (Alps and pre-Alps) 
and hilly areas since most of the lowland areas have undergone major urbanization and 
land degradation (Giupponi et al. 2013, 2015) during the last century and the large farms 
that currently remain in the Po Valley only cultivate selected and highly productive hybrids 
or commercial varieties. Hence, the mountain territories of Lombardy represent agro-
biodiversity hotspots whose heritage should represent a resource for the development of 
such areas (Giorgi and Scheurer 2015), which are instead still undergoing the phenomenon 
of the abandonment of the Alps by man (which involves the abandonment of agricultural 
practices and the loss of landraces) in progress since the middle of the last century (NOR-
DREGIO 2004; Keenleyside and Tucker 2010; Terres et al. 2013).

In order to conserve and enhance agro-biodiversity some farmers have formed asso-
ciations/consortia although as most of the landraces identified are cultivated/conserved 
by individual hobby farmers who are not part of any association. Moreover, despite their 
great commitment, each association manages/enhances its landraces independently and 
with different strategies, at times without the support of specialized bodies or experts who 
could advise on the use of modern agronomic tools and techniques in order to avoid seed 
hybridization and/or genetic erosion, and check that the plant material is healthy. The fact 
that only a small part (9) of the landraces surveyed has been registered in the European 
Register of Conservation Varieties can be justified by the fact that the regional law that 
allows such registration is quite recent (Legislative Decree 2013/9167 2013) and probably 
still little known by farmers. A better assessment of the effectiveness of this regulatory 
instrument should therefore be carried out in coming years. The fact is that most of the 
landraces that today are the basis of successful agri-food chains, including the four maize 
landraces considered in this study, have been registered in the European Register of Con-
servation Varieties, which not only means that the landraces themselves are conserved, but 
also protects the territory where they have been, and currently still are, cultivated. The pro-
duction of food products which are unique and linked to specific territories could provide 
employment for young people and counteract the abandonment of rural and mountain areas 
even though, at the present time, many of those who grow landraces in Lombardy and 
other areas of Italy are still elderly farmers (Negri 2003; Montesano et al. 2012). Genera-
tional change in developed countries like Italy has probably been blocked by the changes 



424 Biodiversity and Conservation (2020) 29:409–430

1 3

in socio-economic models that have been taking place since the second half of the last 
century, and which have increasingly alienated young people from agricultural practices in 
response to a strong expansion of the secondary and tertiary sector. Involving young people 
in modern sustainable agricultural models which also include the cultivation of landraces 
will require time but above all greater support from organizations that deal with training, 
conservation of the territory and biodiversity, and socio-economic development (United 
Nations 2015). Nevertheless, this study highlighted some cases in which custodian farmers 
were young (under the age of 40) and running successful multi-functional farms.

The nutritional analyses carried out on the four maize landraces considered highlighted 
the fact that they have characteristics that differentiate them both from commercial maize 
B73/Mo17 and from each other. It is interesting to note that the landraces with more pig-
mented kernels (“Nero Spinoso” and “Rostrato Rosso di Rovetta”), due to the greater 
presence of polyphenols, are those that have greater antioxidant activity. This is in accord-
ance with Zilić et al. (2012), who stated that colored maize kernels have higher levels of 
health beneficial phytochemicals and antioxidant capacity than unpigmented ones. Hence, 
the “Nero Spinoso” and “Rostrato Rosso di Rovetta” landraces may be useful for the pro-
duction of nutraceutical foods, although both these two landraces have a relevant content 
of phytic acid compared to the commercial hybrid. Phytates are anti-nutritional as they 
limit intestinal absorption and the bioavailability of some minerals (mainly Zn and Fe) and 
amino acids in monogastric animals, including humans (Gupta et  al. 2015). The higher 
content of protein and the lower concentration of starch in the landrace kernels (compared 
to the commercial maize) could be due to the fact that the genetic improvement of the 
maize varieties performed over the last decades has been aimed at obtaining varieties/
hybrids having seeds with a higher starch content as well as plants with high productiv-
ity, resistant to corn borer attack (Malvar et al. 2007) and less demanding as regards water 
(Meseka et al. 2015). The 2D-electrophoretic maps highlighted some differences between 
the various maize landraces not attributable to climatic, pedological or edaphological 
causes, since the seeds are from the same cultivation area (Landriano). These differences 
therefore represent an authentic biodiversity source. In the future it would be interesting to 
identify all the different protein fractions found and associate them with the phenotypic or 
nutritional characteristics that characterize the four maize landraces. Furthermore, the pro-
duction of electrophoretic maps for each landrace that is or will be used in agri-food sup-
ply chains could be useful for their traceability in food (Nazzaro et al. 2012) and therefore 
to counteract falsification. This aspect is, and always will be, of fundamental importance 
at a global level to support the typical local agri-food sector and therefore to favour the 
conservation of agro-biodiversity on farms and of all that depends on it: culture, traditions, 
landscape, agro-ecosystems and local economy.

Conclusion

This study assessed the presence of landraces currently cultivated in one of the most indus-
trialized areas of the Alpine macro-Region and about which information was previously 
extremely limited. Indeed, only eight herbaceous landraces of Lombardy were reported in 
the first Italian inventory of in situ maintained landraces (Negri et al. 2013). This research 
also contributed to knowledge regarding the nutritional characteristics of four landraces 
of maize from Lombardy (for which information was only fragmentary), recently used for 
the creation of niche food chains. These data will be used by Lombardy Region for the 
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conservation of its plant agro-biodiversity and will be included in the Italian national sys-
tem for the conservation and enhancement of biodiversity of agricultural and food inter-
est. Based on the results of this study, some actions are suggested below to help the Lom-
bardy Region and Italy, as well as other developed or developing countries, to protect plant 
agro-biodiversity:

• Perform a census of (and/or regularly update census data) the landraces cultivated/
conserved in  situ and those conserved in seed banks in order to identify the genetic 
resources present in the various territories (Maxted et al. 2013; Pacicco et al. 2018), 
and create a Red list of landraces (Joshi et al. 2004, 2017);

• establish databases regarding farm diversity, maps of agro-biodiversity which are freely 
available online and continuously updated thanks to regular monitoring performed in 
close collaboration with local communities;

• characterize various aspects of the landraces, in particular those concerning agronomic 
and nutritional characteristics that have major repercussions on production activities 
and are important in ensuring food security (Frei and Becker 2004). In fact, scientific 
studies of landraces, as well as being financed more than biodiversity conservation pro-
jects, should provide results that can have a more tangible impact on the territory such 
as the set-up of sustainable and high-quality agri-food chains;

• disseminate information regarding landraces (and products/activities derived from 
them) as well as the legislative tools for their conservation, in order to make them 
known to farmers and consumers. At the same time, nutrition education actions should 
be encouraged to promote understanding of the importance of eating different foods 
not only from a health, but also from an ethical and conservation, point of view (Negri 
2005; Esquinas-Alcázar 2010);

• Produce legislative instruments that allow the conservation of agrobiodiversity and lan-
draces in particular. Specifically, laws should protect not only the single landrace but 
also the territory of which the landrace is typical, its historical and cultural heritage and 
the food products that derive from it;

• initiate policies to encourage coordination between farms, agritourisms and various 
bodies and associations that study and/or maintain landraces and develop strategies that 
are more inclusive and efficient (Laghetti et al. 2018; Hammer et al. 2018);

• create networks in order to link custodian farmers both with each other and with other 
actors interested in plant agrobiodiversity such as restaurateurs and managers of agri-
tourisms. This can be done using both traditional tools, such as agrobiodiversity fairs, 
and innovative ones, such as social networks. The latter, as shown by the recently acti-
vated Facebook “Agrobiodiversità vegetale delle montagne lombarde” (https ://www.
faceb ook.com/group s/agrob iodiv ersit aUNIM ONT/), can be extremely effective yet are 
simple to create/manage and have low costs. Such networks should be created at vari-
ous levels, from the local to the supranational;

• create centres for the collection, analysis and distribution of landrace seeds so that 
researchers/professionals can control the material that is propagated and provide tech-
nical-scientific support to the custodian farmers of each landrace (Wood and Lenné 
1997).

In conclusion, it is to be hoped that in future more and more studies will be carried out 
for the characterization and conservation of agro-biodiversity which, like this, involve ter-
ritorial management bodies, universities and operators in the agri-food sector in a “team 
game” since the issue of the loss of genetic resources of agri-food interest is a problem, 

https://www.facebook.com/groups/agrobiodiversitaUNIMONT/
https://www.facebook.com/groups/agrobiodiversitaUNIMONT/
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still too underestimated, to be solved urgently, with collaboration and method (Pacicco 
et al. 2018), in order to avoid irreversible damage that could affect both man and (agro-)
ecosystems. Hence, we hope that the results of this case study can be useful for policy 
makers operating from a local to a supranational level so that they can act in the most 
appropriate way to improve the socio-economic conditions of various territories while con-
serving their agro-biodiversity.
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