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Limonium is one of the most interesting and biodiverse genera of halophytes, with many species adapted to saline
environments. Limonium species have a promising potential as cultivated minor crops as many have ornamental

value, or are already used as medicinal plants.
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| 1. Introduction

The genus Limonium is the most biodiverse within the Plumbaginaceae family, distributed throughout the world.
The number of its species was estimated to be around 400 W, but including the numerous microspecies recently
described, endemic to small territories, the total number can reach ca. 600 species . In the Mediterranean region,
Limonium is extremely rich in endemic taxa, with 70% of the total number of species endemic [2; it is the richest
genus in endemic species in the vascular floras of Italy, Spain, and Greece Bl The genus includes many
threatened taxa; 159 species are catalogued worldwide in red lists, red books, or lists of protected species at the
national and regional levels 4. However, the highest concentration of endemic and threatened species is found
mainly in the Mediterranean coastal regions [2!. Many of these species grow in plant communities that in Europe fall
within Directive 92/43 EEC as priority habitats Chritmo-Limonietalia '1240 Vegetated sea cliffs of the Mediterranean
coasts with endemic Limonium’ and to Limonietalia ‘1510 Mediterranean salt steppes’ (. The former habitats are
specific saline environments, where only highly specialised halophytes can thrive, whereas the latter are found
along the Mediterranean coastline and on the edges of the inland marshlands . The exceptional biodiversity
within this genus is related to the combination of sexual reproduction with apomixis, and a high frequency of
polyploidisation, hybridisation and introgression B2, Due to its complex diversity, Limonium has been the subject
of many taxonomical studies, starting with the first infrageneric classification by Boissier L to molecular

phylogenetic analyses during the last two decades [22]12]i13][14]

Limonium species are mostly C3 perennial herbs or shrubs, with rosulate leaves and ascendant floral scapes,
simple or ramified with abundant spikelets of small flowers grouped in panicles, which make them attractive as
ornamentals. Limonium species are found on sandy beaches, cliffs, and salt marshes in coastal areas, but also in

continental areas in lagoons, meadows, steppes, and deserts [,

Limonium belongs to a specific category of halophytes, the so-called 'recretohalophytes’, which includes around
370 species 121, able to secrete salt from their leaves through salt bladders and salt glands. Salt bladders consist

of single epidermal cells or modified trichomes that accumulate salt on the leaf surface; salt glands, on the other
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hand, are stable structures formed by two or more cells, often sunken into the epidermis, that continuously secrete
toxic ions to the outside of the plant I3I26IL7 The salt glands are specific to several genera (including Limonium)
of a few families, such as Plumbaginaceae, Acanthaceae, Tamaricaceae, Frankeniaceae, Amaranthaceae or
Gramineae 18, Salt glands play an essential role in maintaining the ion balance, contributing to the stability of
osmotic pressure and enhancing salinity tolerance 229 Salt glands also act regulating the internal ionic
composition of the leaves, which, together with efficient osmotic adjustments, help avoid dehydration of leaf cells
(26 One of the main mechanisms ensuring osmotic balance under stress is the synthesis and accumulation in the
cytoplasm of compatible solutes, the so-called osmolytes. These are diverse organic compounds that, apart from
their fundamental function in osmotic adjustment, play additional roles in stress tolerance mechanisms; for
example, increasing the thermodynamic stability of folded proteins and directly protecting macromolecular
structures—in their role as low-molecular-weight chaperons—and also as scavengers of ‘reactive oxygen species’
(ROS), or as signalling molecules [2H[22]123124]125]  However, osmolyte biosynthesis represents a high cost for the
plants since the same cellular osmolarity can be reached by ion uptake and transport with much lower energy
consumption (281271 |n dicotyledonous halophytes, osmotic adjustment can be provided at lower costs by ion

uptake and accumulation, especially Na* and CI~, which are sequestered in the vacuoles to avoid toxicity effects in
the cytosol [28122](30],

| 2. Morpho-Anatomical Adaptations in Limonium Species

The morphology and anatomy of vegetative organs in Limonium species are generally well known and have been
recently reviewed 2931 Studies on Limonium’s biology have been mostly linked to the presence of salt glands
(‘Mettenius’ or ‘Licopoli’ glands/organs—see [22)), located on the stem and especially on the leaf surface. In fact,
there are also some anatomical features found in Limonium that attest the xeromorphic nature of these halophytic
species. Overall, taking into account the saline and arid environments where Limonium species grow, they could be
considered a special case of xerophytes. This genus could serve as a model for this kind of morphological and

anatomical studies 231,

Description of the morphology of the underground organs of Limonium in the botanical literature is sometimes
confusing and contradictory. Although Limonium species are clearly recognised and described as perennial species
(thus, the plants must possess rhizomes), there is no mention of this modified underground stem in the Romanian
flora. Instead, the species are characterised as having 'tap, thick roots’ (L. gmelinii), 'thick, with nodes’ (L. vulgare
Mill.), ‘cylindrical root, unbranched or rarely branched in its upper part’ (L. /atifolium), or 'tap root more or less thick’
(L. caspia Willd.) B4, The same is true for Flora of the USSR, where there is no data about the rhizome, and the
underground system is referred to as ‘taproot’, with a single exception in the case of L. otolepis (Schrenk) Kuntze,
which has a ‘taproot (or rootstock) fairly stout’ [23l. The species L. brasiliense (Boiss.) Kuntze represents another

example of this error in terming the rhizome as a root (see discussions in [28)),

Nevertheless, the anatomical investigation of underground organs clarifies this confusion, as the microscopic
structure reveals the typical configuration of a stem (rhizome) or a root BZ. In any case, even with available

anatomical data on the structure of underground organs in different Limonium species, comparisons and
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extrapolations must be carried out with caution. Sometimes, the anatomical description of the rhizome and the root
can be accurate for a particular species; however, this does not necessarily provide information on the organs’
morphology, unless it is clearly specified at which level the cross-sections were performed within an organ. Thus,
an organ can be morphologically and anatomically identified as a root or a rhizome for a Limonium species but, in
the absence of anatomical data, these results may not be morphologically applicable to other Limonium species.
Some research papers contain anatomical information on the main root, lateral roots and rhizome, for example in
Limonium gmelinii 38; in this case, the rhizome is defined as ‘the underground part located between the collet and
the rosette of leaves that forms in its terminal side, on soil surface’. For this reason, in the absence of precise
anatomical data regarding underground organs, in ecophysiological studies on Limonium, it is highly recommended

to use the term 'underground system’ or ‘rhizomatous root system’ 32,

A common anatomical feature for the underground organs (rhizome, root) of Limonium species is the extensive
development of sclerenchyma tissue [BZI38I40I[41]  Thjs feature has been evidenced in several Mediterranean
Limonium species B3, In the rhizome of Limonium furfuraceum Kuntze, there is a sinuous ring of
sclerenchymatous fibres that surrounds the central cylinder, thus acting as a pericycle (Eigure 1a); a similar

sclerenchymatous ring occurs in the case of the aerial (flowering) stem (data not shown).

Figure 1. Cross-section through the rhizome of Limonium furfuraceum (a) and through the root of Limonium
girardianum (b); co—cortex; md—medulla; pa—parenchyma; per—pericycle; ph—phloem; xy—xylem vessel; sb ¢

—suberified cells; pd—periderm; scl r—sclerenchyma ring; scl—sclerenchyma; sclr—sclereid.

In the central cylinder of the L. girardianum (Guss.) Fourr. root, at its periphery, there is a discontinuous mechanical

ring, consisting of several convex arches of sclerenchymatous fibres (Eigure 1b).

The central cylinder in the rhizome of L. girardianum (Figure 2a) presents at its periphery a thin ring of
sclerenchyma, consisting of cords of periphloemic fibres of vascular bundles; the secondary xylem forms a very
thick ring, with a large amount of libriform, and many vessels scattered in the interior. In L. girardianum, the central

cylinder of the aerial (flowering) stem has at its exterior an extremely thick ring of sclerenchyma fibres, with very
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thick and intensely lignified walls (Eigure 2b). A similar situation is found in the aerial stem of L. narbonense Mill.

(Eigure 2c) and L. gmelinii subsp. hungaricum (Klokov) So6 42,

Figure 2. Cross-section through the rhizome of Limonium girardianum (@), aerial stem of Limonium girardianum
(b), aerial stem of Limonium narbonense (c), and groups of sclereids located in the rhizome’ cortex of Limonium
girardianum (Guss.) Fourr. (d); co—cortex; ep—epidermis; pa—parenchyma; ph r—phloemic ring; scl r—
sclerenchyma ring; xy—xylem vessel; sclr—sclereid; md—medulla; ph—phloem; scl—sclerenchyma; xy—xylem

vessel; ph—phloem.
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