
Abstract
Identifying crop genetic resources represent an important

aspect of agricultural biodiversity conservation. However, conser-
vation of landraces is challenging because they often cannot be
properly identified, or have already suffered from genetic erosion,
or have disappeared. Identification of landraces can be obtained
using molecular markers or discriminating qualitative and quanti-
tative morphological traits. The latter methodology is cheap and
easily achievable, allowing the registration of landraces in nation-
al catalogues. In this study, we carried out a morphological char-
acterisation of different accessions of Cucurbita maxima
(Cucurbitaceae) cultivated in the Po Valley (N-Italy), locally
known as Cappello da prete. The aim was to explore the morpho-
logical fruit variability among accessions and to identify potential
distinct landraces within the Cappello da prete squash group.
Differences between accessions were found indicating that mor-
phological traits can be effectively used to identify these landraces
and suggesting a diversification by isolation. Indeed, our morpho-
logical analysis shown the existence of two different landraces of

Cappello da prete squashes. The adopted procedure can demon-
strate that few low-cost traits are useful for the registration of local
varieties in the official catalogue of landraces. Our study also
demonstrates that morphological characterisation allows a rapid
and cost-effective identification of diagnostic morphological traits
that, together with historical and cultural information, are funda-
mental to recognise landraces.

Introduction
Crop landraces have significant socio-economic and heritage

value; traditional local varieties represent untapped sources of
genetic variability, including specific traits for pest resistance, toler-
ance to harsh conditions, and nutritional quality (Frankel et al.,
1998). They play a key role in food security, especially in traditional
and subsistence farming systems of developing countries (Brush,
1995; Louette et al., 1997), and generally in all marginal areas.
Moreover, landraces have a potential economic and commercial
value for niche markets (Cleveland et al., 1994; Fideghelli and
Engel, 2009). Nevertheless, USA lost 95% of their landraces in the
last 100 years, followed by the European Union that lost 75% of
local landraces (Hammer et al., 1996; Veteläinen et al., 2009).
Concerns over rapid extinction or genetic erosion of landraces
resulted in widespread actions to promote their conservation. For
example, the Convention on Biological Diversity (CBD) and the
Global Strategy for Plant Conservation (GSPC), outline the need for
agrobiodiversity conservation. The European Commission has
recently approved some directives (i.e. Directive 2008/62/EC,
Directive 2009/145/EC and 2010/60/EU) concerning seed trading
and promoting in situ conservation and sustainable use of landraces
threatened by genetic erosion. Following these Directives, EU
Member States have started the registration of grain and vegetable
landraces (Spataro and Negri, 2013). However, despite the growing
interest of farmers and consumers in landraces, their conservation is
still challenging. In many cases landraces have suffered genetic ero-
sion caused by the replacement with modern cultivars (Srinivasan et
al., 2003) or have disappeared or cannot be properly identified (de
Carvalho et al., 2013), which in turn, prevent any possibility of con-
servation and valorisation. 

Knowledge and identification of landraces can be obtained
either using qualitative or quantitative morphological traits (e.g.
Bidot Martinez et al., 2016) or molecular markers for investigat-
ing DNA polymorphisms (e.g. Barcaccia et al., 2016) or both
(Ferriol et al., 2004). Although genetic characterisation allows
unambiguous discriminations, costs and competence required are
rarely affordable by individual farmers. On the contrary, morpho-
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logical characterisation is cheap, easily achievable and completely
match the EU requirements for the formal registration of landraces
(Directive 2008/62/EC; MIPAAF, 2012).

This is the case of the group of turban-like squashes belonging
to the Cucurbita maxima Duchesne species locally known as
Cappello da prete (priest’s hat) and traditionally cultivated in some
areas of the Po Valley (especially the provinces of Mantua, Reggio
Emilia and Pavia) at least the XIX century. There is no precise
information about the historical origin of Cappello da prete
squashes; they are quite similar to the well-known Marina di
Chioggia (another traditional cultivar from Northern Italy), char-
acterised by a dark-green and warty epicarp. Ribbed and warty
squashes already appear in paintings from the XVI and XVII cen-
turies, although representations of turban-like forms, that can be
found sometimes also in Marina di Chioggia, are unknown. The
oldest written reference likely referable to Cappello da prete
squashes appeared in Farneti (1892) (Marconi et al., 2012).
Cappello da prete squashes have a great commercial potential as
they are used for typical receipts, including the popular tortelli di
zucca (a kind of stuffed pasta). However, one of the obstacle to the
valorisation of these local products is the lack of formal recogni-
tion of distinct landraces within the turban-like group. 

The aim of this research was therefore to explore the morpholog-
ical variability among the accessions of Cappello da prete squashes
from the Po Valley (Northern Italy). In particular, the identification of
morphological differences among different accessions will enable
low-cost (affordable by farmers) identification of landraces and will
permit to understand which accession or group of accessions differ
enough to be considered different landrace and worthy of being reg-
istered in the official local catalogue of landraces.

This approach, could be useful for C. maxima description/reg-
istration, as well as for the landraces of other crop species, by EU
farmer communities and worldwide.

Materials and methods

Plant material and measurements
Cucurbita maxima is a partially allogamous South American

species, whose first evidence of occurrence in Europe date back to
the early 16th century (Paris et al., 2006). The Turban Group, is one
of the most peculiar old cultivars, with a polycarpic form, charac-
terised by fruits (pepos) with projected carpels, and epicarp bi- or
multi-coloured. It is cultivated mainly in W China and Chile, also
as an ornamental cultivar (Decker-Walters and Walters, 2000;
Ferriol et al., 2004; IPK Gatersleben, 2018). Cappello da prete
squashes are very similar to the typical Turban squash, except for
the epicarp, uniformly coloured (light grey) and always smooth.
The Cappello da Prete squashes are used for human nutrition and
have not any ornamental interest.

There is no precise historical information about the origin of
the Italian Cappello da prete squashes, though the oldest written
reference likely referable to these squashes date back to the end of
the 19th century (Farneti, 1892). 

Seeds of local accessions of Cappello da prete squashes were
sampled from the few custodian farmers (Gruberg et al., 2013;
Sthapit et al., 2013) using self-produced seeds. Different seed
accessions were stored in the Germplasm Bank of the University
of Pavia. Seed of a commercial cultivar called Piacentina were
purchased at the market and used as out-group. Piacentina squash
was chosen as out-group because it is cultivated in the same area

of the Cappello da prete squashes. Fifty seeds for each squash
accessions (Piacentina, Berrettina di Lungavilla, Berrettina di
Guastalla, Cappello da prete mantovana from Ostiglia and
Cappello da prete mantovana from Quistello, hereafter referred as
PC, PV, RE, OS, MN, respectively) were sown in 2013 in the
experimental field of CREA-ORL at Montanaso Lombardo,
Lombardy, Northern Italy, under homogeneous ecological condi-
tions. Seeds were sown every four meters in rows seven meters
apart from each other at the end of May (this late sowing was due
to the anomalously rainy spring 2013) and fruits were collected for
morphological characterisation at the end of September. Drip irri-
gation was provided twice in the growing season. 

Plants that reached the adult stage and produced fruits useful
for the analysis varied, depending on the accession; in particular:
33, 39, 49, 10, 8 individual plants for PC, PV, RE, OS, MN, respec-
tively produced fruits that were measured. The following quantita-
tive traits were measured: fruit weight, diameter and height of the
upper and lower parts, number of basal lobes (projected carpels),
pulp (mesocarp) and rind (epicarp) thickness, peduncle diameter,
width of the placental cavity and seed weight (Figure 1). Other
qualitative traits such as abundance of rind grooves, abundance of
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Figure 1. The higher part of the figure shows the provenance of
different accessions of C. maxima Cappello da prete along the Po
river. The lower part of the figure shows: A) Lateral view and sec-
tion of the Piacentina squash; B) lateral view and section of
Cappello da prete (accession MN). Some of the quantitative meas-
urements used in the present study are shown (height of the
upper and lower parts, number of basal lobes, pulp and rind
thickness, peduncle diameter).
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rind dark stripes, rind rugosity and rind colour were recorded (see
Supplementary material for reference fruits). For each of the above
mentioned qualitative traits six reference fruits representing the
variation of the total sample were selected. Fruits were assigned to
one of the five categories (0 to 5), based on the comparison with
the reference fruits (see Appendix S1). 

Statistical analysis
Correlations between quantitative data were investigated with

Spearman’s correlation analysis to reduce the number of highly
correlated variables from further analysis. A Spearman’s Rho high-
er than 0.5 was used as a cut off threshold. 

Quantitative and qualitative traits were analysed with a gener-
alised linear model with accession as fixed factor. LSD pairwise
comparisons were performed in case of a significant effect of
accession.

Results
Spearman’s correlations highlighted strong correlations

between fruit weight and height of the upper part (Rho=0.934;
n=699; P<0.001), between fruit weight and diameter of the upper
part (Rho=0.791; n=697; P<0.001) and between fruit weight and
the size of the placental cavity (Rho=0.565; n=697; P<0.001), as
well as between the number of lobes and size of the lower part
(Rho=0.534; n=693; P<0.001), so, among the aforementioned
traits, only fruit weight and number of lobes were further used in
the analysis. Other correlations were found between different
traits, but not strong enough to remove such traits. Among the
quantitative traits, fruit weight, pulp thickness, rind thickness,
peduncle diameter and seed weight significantly differed between
the squash accessions (Table 1). Differences between accessions
were found for all qualitative traits, except for rind stripes.

Accession had a significant effect on all analysed traits.
Pairwise comparisons shown differences for most traits between
the Piacentina squash (PC) and the other Cappello da prete
squashes (Figure 2; Appendix S2). These differences were expect-
ed as the Piacentina squash has a different general shape of the
fruit with the lower part undeveloped. Within the group of
Cappello da prete squashes, the Lungavilla squash (PV) resulted
different from the other three accessions (RE, OS and MN) for
many traits. Actually, PV showed unique characteristics for: fruit
weight, rind and pulp thickness, peduncle diameter, rind colour
and lack of rugosity, but other differences with one or the other
accession were also found (Figure 2; Appendix S2). The group
including RE, OS and MN shown great similarities for most traits.
RE differed from OS for having thicker rind and pulp, bigger
peduncle diameter, lower seed weight and lower rind rugosity; OS

differed from MN for having smaller fruits in terms of weight and
peduncle diameter, lower seed weight and less rind grooves; MN
differed from RE for having larger fruits, lower number of lobes (3
and 4, respectively), thin rind, higher seed weight, more evident
rind grooves and rind rugosity (Figure 2). 

                   Short Communication

Table 1. Diagnostic morphological characters that allow distinguishing Piacentina from Cappello da prete mantovana and Berrettina
di Lungavilla.

                                                  Piacentina                        Cappello da prete mantovana                   Berrettina di Lungavilla

Rind thickness                                   0.345 (±0.077)                                                0.246 (±0.047)                                                       0.274 (±0.059)
Peduncule diameter                         3.599 (±0.520)                                                3.489 (±0.604)                                                       2.915 (±0.537)
Pulp thickness                                    3.766 (±0.833)                                                3.767 (±0.660)                                                       2.834 (±0.574)
Fruit weight                                        4.195 (±1.306)                                                2.262 (±0.704)                                                       1.628 (±0.512)
N° of lobes                                                  None                                                    From three to five                                                From three to five

Figure 2. Results of the comparison (generalised linear model)
between the Piacentina squash and four accessions of Cappello
da prete squashes from Northern Italy. Different letters indicate
statistically significant differences.
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Discussion
Morphologically, Cappello da prete accessions could be easily

separated from the commercial Piacentina squash (PC).
Diagnostic morphological markers between accessions include the
presence of lobes (from three to five), the presence of rind stripes
and little to null rind rugosity. With respect to the Cappello da
prete accessions, morphological data revealed significant differ-
ences between the Lungavilla squash (PV) and the other three
Cappello da prete squashes (i.e. RE, OS and MN). The great sim-
ilarities found in the group of RE, OS, MN when compared to PV,
could be explained with the geographical proximity of their culti-
vation ranges. In fact, RE, OS and MN are cultivated in suitable
areas not far from each other (between 30 and 50 km), while
Lungavilla is cultivated in the Pavia Province as far as 150 km
westward. It could be assumed that at the end of the 19th century,
the Cappello da prete was the most widespread group of squash
cultivated along the Po River, as reported by oral sources.
However, later isolation, local adaptation and unintentional selec-
tion by farmers could have favoured the selection of smaller fruits
characterised by thin pulp, small peduncle and different rind colour
in the westernmost accession (Figure 2). 

Two main Cappello da prete landraces are therefore clearly dis-
tinguishable. They might be included in the national catalogue of
MIPAAFT landraces. The first is represented by the Lungavilla, PV
group (locally called Berrettina di Lungavilla), the second one is
represented by eastern accessions from Reggio Emilia and Mantua
provinces (locally known as Cappello da prete mantovana), which
is already listed in the national catalogue (registration n. 15A01752,
G.U. n. 58 11-3-2015). These two landraces are quite distinguishable
even on their traditional use in their respective production areas;
Cappello da prete mantovana is commonly used as stuffing for
tortelli di zucca, Berrettina di Lungavilla is usually used in prepara-
tion of risotto (rice) with squash and local cakes.

Certainly, molecular data would guarantee a finer identifica-
tion and clearer distinction of the accessions and relationships
between Cappello da prete and Piacentina. Indeed, considering
that very few studies have been carried out on C. maxima using
molecular markers (Ferriol et al., 2003, 2004) and that morpholog-
ical and genetic characterisation of Cucurbita revealed the pres-
ence of a high number of loci responsible for phenotypic charac-
teristic of fruit traits (Paris and Brown, 2005), further genetic stud-
ies on the Cappello da prete landraces are needed. However, our
study demonstrates that morphological characterisation, allows a
rapid and cost-effective identification of diagnostic morphological
traits, that together with historical and cultural information (an
important aspect in landraces identification), are useful to formally
recognise landraces. 

Conclusions
From a socio-economic point of view, landraces can play an

important role in promoting local identity and social cohesion as
well as benefit the local communities, where they are cultivated.
Indeed, several landraces are being rediscovered in many
European Countries (Lago et al., 2015). The implementation of the
European directives through the registration of landraces in nation-
al catalogues is useful to promote the conservation of landraces on-
farm, which benefit the custodian farmers and increases the acces-
sibility to traditional genetic resources (Spataro and Negri, 2013).

In this framework, as demonstrated in this study, it is important to
promote cost effective and easy-way landraces identification with
the final aim of favouring their registration.
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