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Abstract

This is a note about early attempts of Salicornia patula cultivation in the northern part of Apulia region
(southern Italy). This species, which occupies the driest parts along the edges of coastal lagoons on mudflats or
sands that are inundated in winter, has a long history of gathering from the wild as a source of food. At our
knowledge, no information has been reported about the domestication of Salicornia patula in Italy. In the
Gargano area of Apulia region, this species was domesticated forty years ago as a minor cultivation limited to
private gardens. The growing market demand of this vegetable for both fresh consumption and for processing
packinghouses is very recently encouraging some farmers to cultivate it for marketing. Salicornia patula might
become an attractive new cash crop for marsh marginal lands, but prerequisites to its success are the selection
of superior genotypes and the set-up of its right agro-technique.
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Introduction

Several collecting missions jointly carried out by Italian-German teams since 1970’s have stressed that in Italy
there is an ancient and widespread habit to gather wild plants as a source of food or for other uses (Hammer et
al.1992, 1999). In some cases, local farmers have started to cultivate some wild plants.

Salicornia ssp. have a lot of applications and potential ranging from the ancient use as an additive in

the production of soap and glass (Kurinsky1991; Liebezeit 2008) to the latest environmental protection uses as
a plant bio filter of marine aquaculture effluent (Webb et al. 2012; Shpigel et al. 2013) or as viable source of
biofuel for aviation (Hashem 2015; McGrath 2010). Historically different species of Salicornia genus have
been used throughout the world for food culinary purposes: to make the "sweet bread" or to obtain salt for food
uses, as seasoned vegetable, salad and fermented food, such as tea material and ingredient of vinegar (Isca et
al. 2014; Mudie et al. 2005). Some authors have also reported that the oil is favorably compared with those of
the major oilseeds crops (Liu et al. 2005; Glenn et al. 1991). Salicornia ssp. have also been used as a fodder
for livestock like goats and lambs (Riley et. al. 1994). Used for a long time in folk as well as in traditional
medicine, recent studies showed their different pharmacological properties including anti-oxidative, anti-
inflammatory and immuno-modulatory activities along with potential application in the treatment of
constipation, obesity, diabetes and cancer (Mudie et al. 2005; Lee et al. 2006; Rhee et al. 2009; Ksouri et al.
2011; Wang et al. 2012).
Salicornia is produced on a commercial scale in Israel (Ventura and Sagi 2013). It is also cultivated in Mexico,
the United Arab Emirates, Saudi Arabia and India (Stanley 2008; Bogemans and Erdei 2012). In most Europe,
the market is mainly based on the gathering stalks from wild plants, only in the Netherlands, Portugal and
France Salicornia ssp. are cultivated (Lieth et al. 1999, Lieth and Lohmann 2000, Hanelt and IPK 2001,
Khoshbakht and Hammer 2008, Bogemans and Erdei 2012).

To our knowledge, no information has been reported about the domestication of this species in Italy.
The main aim of this paper is to report and discuss about the rare cases of cultivation of Salicornia patula along
Lesina lagoon shore (Foggia, southern Italy, Fig. 1).

Taxonomy, botanical aspects and distribution

The genus Salicornia L. includes annual glassworts of the tribe Salicornieae Dumort (Amaranthaceae). They
are halophytic herbs with articulated succulent stems (Davy et al. 2001) and showing an extreme phenotypic
plasticity. Due to the few taxonomical characters, the possibility to inbreeding and the considerable phenotypic
plasticity (Davy et al. 2001; Kadereit et al. 2007), the species identification with standard determination key
has often raised major difficulties. Numerous species aggregates, species and micro species have been
described over the last 250 years in attempts to represent the observed variation (Kaligaric¢ et al. 2008). Recent
molecular studies employing different kinds of markers (Papini et al. 2004; Kadereit et al. 2007; Kaligaric et
al. 2008; Vanderpoorten et al. 2011) have consistently demonstrated a clear tendency to segregate into diploids
and tetraploids. In particular, the aggregate S. procumbens represents the tetraploid group (2n = 36) and the
aggregate S. europaea represents the diploid group (2n = 18), with the last representing a very variable group
mainly due to autogamy. In a recent study, Kadereit et al. (2012) have simplified the classification of annual
Eurasian glassworts to only four species (two belonging to the S. procumbens group and two to the S. europaea
group) and ten subspecies.

The species considered in this paper refers to Salicornia patula that, according to Kadereit et al. (2012), is a
synonym for S. perennans Willd. ssp. perennans, that belongs to the S. europaea group.

S. patula has a small bush growth form, ranging from a few centimeters to 40 cm high, poorly to profusely
branched, from the base and almost patent. Flowers are typically unequal, with the lateral much smaller than
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the central (Kaligari¢ et al. 2008). S. patula has dimorphic seeds, with large central and small lateral seeds,
usually with high percentages of germination in a wide range of temperature and salt concentration (Sajna et
al. 2013; Gasparri et al. 2016). From an ecological point of view, S. patula colonizes transition zones between
permanently flooded muds and perennial vegetation. These zones have a winter flooding period, while in
summer, they tend to dry up and, in this season, Salicornia communities appear. In the study area, and in
general in the coastal areas of the northern part of the Apulia region, the presence of S. patula has been widely
reported by numerous authors (Corbetta et al. 2006; Tomaselli et al. 2008; Biondi and Casavecchia 2010;
Tomaselli and Sciandrello 2016). S. patula occupies the driest parts along the edges of coastal lagoons on
mudflats or sands that are inundated in winter. It usually occurs within the Suaedo maritimae-Salicornietum
patulae Brullo et Furnari ex Géhu et Géhu-Franck 1984 and the Suaedo splendentis—Salicornietum patulae
Rivas-Martinez et al. 1980 corr. Rivas-Martinez 1991 (Biondi and Casavecchia 2010; Tomaselli and
Sciandrello 2016).

From gathering of wild plant to some attempts of cultivation

In Apulia region the gathering of wild plants is a very ancient and widespread practice (Bianco 1990; Ditonno
and Lamusta 1997; Guarrera 2006) and Salicornia ssp. are well known since a long time as a source of food,
feed and for their uses in folk medicine.

Baselice (1813) reported that in Lesina town (Foggia, Apulia region) it was known as “Sauzariello” and it was
eaten after a long cooking in water; since 1709 the ‘Order of Saint Clare Sisters’ in Brindisi (Apulia region)
consumed this wild plant (Ditonno and Lamusta 1997). Pasquale and Avellino (1841) described its use in folk
medicine for the treatment of intestinal ailments and nephropathy along with its consumption for culinary
purposes as well as livestock feed.

The ancient culinary tradition has been handed down from one generation to another and nowadays Salicornia
europaea L. is included amongst the list of Apulian regional traditional products by the Ministry of Agriculture
and Forestry as "vegetable processed and preserved in oil", the concerning area is that of the province of Foggia.
Not all Daunian communities are linked to the use of Salicornia, though all of them know its food value. This
wild plant detects a higher interest in the towns around the Lesina and Varano brackish lakes, in particular
Lesina, Ischitella, CagnanoVarano and San Nicandro Garganico. Its folk names are “Savezarill”, “Saveduzz”,
“Scuffl’ ” and “Zauzaridd’ ”, respectively (Biscotti, 2012; dr.Villani, personal communication). Even today
the local people make great use of this plant according to ancient culinary tradition: as salad after boiling in
water and dressed with extra virgin olive oil, vinegar or lemon; preserved in oil mixed with garlic and mint
after boiling in a solution of vinegar and water. Culinary preparation of both dishes is laborious and time
consuming because, after boiling and cooled stalks, it is need to fray them to remove the more woody residues.
First attempts of Salicornia patula cultivation have been detected along Lesina lagoon shore. The Lesina
lagoon, occupies an area of 51.36 km?, with a length of about 22.0 km and an average width of 2.4 km; the
average depth is around 0.7 m, and the maximum does not reach 1.5 m. It is characterized by an expanse spotted
with a series of waterbodies and typical formations of brackish lagoons. Acquarotta and Schiapparo are the
two canals via which the lagoon communicates with the Adriatic Sea while the fresh water is guaranteed by
underground water tables and numerous small streams, that drain the surrounding land used in large part for
Crop-growing purposes.

The agricultural development of Salicornia patula as a cash crop is a novelty and though farmers involved in
its cultivation are cautious in revealing information about their growing methods, so that only preliminary data
are here reported. The farmers interviewed, after obtaining their consent verbally to disclose information, told
us that San Nicandro Garganico people have gathered Salicornia for generations, since ancient time. They
remember that the inhabitants of Lesina, which were not interested in this wild grass, had sarcastically
nicknamed them "grazers" because they came down to the Lesina lake to pick the wild plants. A well-known
local chef confirmed that Salicornia was discovered and gathered as food crop by the inhabitants of San
Nicandro Garganico. He told us that this species is very versatile in cooking ranging from traditional dishes,
preserved in olive oil in appetizers or as a salad to accompany dishes of fish, to the new recipes such as
“Traditional pasta with Salicornia and eel” (Fig. 2). He noted that the cultivated form has recently lost some
of'its flavor and crunchiness probably because of its repeated cultivation on the same field without fertilization.
The domestication of "Zauzaridd" started over forty years ago in their gardens located along ponds around the
Lesina lagoon for family consumption. Since few years, some local farmers have started the cultivation of this
plant for marketing, due to: a) the increasing interest in this food and the attractive price for sellers; b) the
drastic fall in its supply since many places where this plant grows wild have become protected areas; c) the
possibility of economic profits from the cultivation of their marginal lands.

Salicornia patula is typically cultivated in its native marsh sandy lands along the brackish lagoon shore from
February- March to August — September (Fig. 3). The soil is black, sandy, acidic and very rich in organic
matter.
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This species is propagated via seed. Both direct seeding and transplanting methods of planting are used. The
direct seeding is done in January-February. The seeds are very small (0.9 x 0.3 mm) and to make them suitable
to the handling and sowing, they are mixed with limestone powder and the ratio seeds to limestone powder is
1:3. Seeds are sown in rows 25 cm apart. The sowing depth is equal to about 1.5 cm. When transplanting
method is used, seeds are sown in March and seedlings are allowed to grow on nursery for about 5-6 weeks
until they are ca. 5-7 cm high. At this time, they are transplanted in the open field in furrows 50-70 cm apart
with a distance of 30-40 cm among plants. Salicornia patula is cultivated without chemical, pesticides,
fertilizers. Farmers remove weeds by hands, pulling them out of the ground including their roots, and by hand
tools such as hoe, to remove underground parts to weaken and kill perennials. This crop usually yields without
needs for irrigation, even if one to three supplemental irrigations are applied in very dry years by flooding or
furrows methods, using the brackish water (salinity 4-5 %o) of channels.

The crop is harvested by hand and the plants are cut approximately 5 cm from the ground, when the shoots are
45-50 cm height. The plants undergo a number of repeated harvests, according to the planting method used and
the previous farmer experience. When seeds are sown in rows, without a thinning down on the line, the most
vigorous plants will produce stalks that shall be ready in March on the market, before their usual time, giving
better profits due to the low supply and higher prices. The harvest goes on in alternate furrows thus allowing
other plants to develop more vigorous shoots. This repeated harvesting regime allows cutting the same plant
from three to four times depending on the level of growth.

In the case of transplanted and spacing plants, the young stems are cut out for the first time in June-July and,
for the second time, after irrigation, in August-September, when new shoots have grown up.

The single plant can reach a height of 60-70 cm and a weight of 2 kg while the yield can reach 10-15 tons per
hectare. Most of the crop, about 90%, is sold on the local market in fruit shops, fishmongers, restaurants and
packing house (Fig. 4). The other 10%, preserved in vinegar, is sold to the local supermarkets.

No type of selection is done for seed plants that stay in the field until the full fruit ripening. In November, when
fruits are ripe and dried a bit, the plants are either cut and hung or put on planks in cool and dry places for their
desiccation. The branches are crushed by hand when the seeds are thoroughly air-dried. The hulling process is
followed by screening for removing the broken stalks, dust, and other extraneous matter. The seed should be
stored at room temperature, in glass or plastic jars in a dry place to the next planting. The seeds remain viable
for around three years. For restoring the structure of the soil and burying any crop residues, ploughing takes
places in October. Before sowing or transplanting, rotary tillage takes place in order to refine the soil, thereby
creating the best conditions for the seeds to germinate or the seedlings to take root. Moreover, rotary tillage
clears up any weeds, which may be present. Given the physical/agronomical characteristics of the soil in the
defined area, no type of crop rotation is adopted.

Conclusions

Most of the local population of Gargano area is employed in small-scale agricultural activities and in the
touristic industry. Salicornia patula, which is an integral part of local culture and ancient culinary tradition,
seems to be a promising brackish irrigated crop for the marsh areas. This crop, at the same time, can satisfy the
demand of culinary tourism whose nowadays trends are focused on the tasting of ancient local uncommon
dishes along with new gourmet ones using traditional raw materials.

This work is a preliminary survey about the first attempts of Salicornia patula cultivation in southern Italy.
Our preliminary data confirm its advantages over other traditional crops related to its remarkable tolerance to
salinity, drought and high temperatures, its resistance to diseases, its high competition against weeds along
with its low input needs for cultivation.

Moreover, at present, cultivated Salicornia patula consists of material coming from wild plants and,
consequently, the commercial production requires genetic improvement to obtain varieties expressing superior
and reproducible quality characteristics along with a stable quantitative production. At the same time, special
efforts are needed to improve the agro-technique with particular regard to the harvesting method as well as the
fraying twigs process to remove woody debris. Both these activities, essential for culinary preparations and
packing house, are hand made, very laborious and time consuming.

Keeping in mind the disadvantages we may suggest that Salicornia patula is a candidate species as a "new"
cash crop for a better domestication and commercialization, which will generate economic profits into marsh
marginal lands.
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Captions:
Fig. 1 Map of cultivation area of Salicornia patula
Fig. 2: examples of traditional and modern recipes with Salicornia: a) boiled in a solution of vinegar and water;
b) traditional pasta with Salicornia and eel; c) salad of Salicornia with tomato and mozzarella; c) preserved in

olive oil mixed with garlic and mint

Fig. 3. a) S. patula cultivation: field ready for planting and channels to divert brackish water for irrigation; b)
close-up of plants in July; c) edible branches of S. patula; d) field before plowing in October

Fig. 4. Marketing fresh and preserved S. patula products: a) advertising sign to indicate the selling on-farm; b)
branches of S. patula in wooden crates harvested on field; ¢) jars and cans of preserved S. patula
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