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Abstract: In the frame of conservation and sustainable utilization of neglected and underutilized
phytogenetic resources, this study produced for the first time a detailed ecological profiling for the
local Tunisian endemic Marrubium ascheronii (Lamiaceae) using Geographical Information Systems
and open-source data. This profile was used to illustrate the abiotic environmental conditions
of its wild habitats; the profile facilitated the examination of the effect of temperature on its seed
germination and may inform species-specific guidelines for its cultivation in man-made environments.
With effective seed propagation firstly reported herein (68.75% at 20 ◦C), species-specific in situ
conservation efforts and ex situ conservation or sustainable exploitation strategies were enabled for
M. aschersonii. The first-reported molecular authentication (DNA barcoding) of M. aschersonii may
facilitate its traceability, allowing for product design. This study also reports for the first time the
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effects of chemical and integrated nutrient management (INM) fertilizers on the growth and pilot
cultivation of M. aschersonii seedlings, with the latter being advantageous. This multidisciplinary
approach has bridged important research gaps that hindered the conservation efforts and/or the
sustainable exploitation for this local endemic plant of Tunisia. Based on all the above, we re-evaluated
and updated the feasibility and readiness timescale for sustainable exploitation of M. aschersonii in
the medicinal-cosmetic, agro-alimentary and ornamental-horticultural sectors.

Keywords: African biodiversity; seed germination; GIS; DNA barcoding; integrated nutrient man-
agement; chlorophyll content; nutrient content

1. Introduction

The genus Marrubium (Lamiaceae) includes about 40 recognized species mainly dis-
tributed in Europe, North Africa, and Asia [1]. Phylogenetic studies of the genus Marrubium
to evaluate the current generic classification of tribe Marrubieae are required to define
explicitly the genus limits [2]. Previous research has been conducted very early in attempts
to characterize the Tribe Marrubieae using the chloroplast rbcL gene [3]. Single nucleotide
polymorphisms (SNPs) have been extensively used for three species of Marrubium using
the ITS and rbcL molecular markers [4]; the chloroplast markers matK, trnL, trnL-trnF,
and rps16 for five species of Marrubium [5,6]; and finally the most complete phylogenetic
approach using 36 accessions representing 27 species of Marrubium applying the ITS of
nrDNA and rpl32-trnL, trnL, trnL-trnF and rps16 of cpDNA molecular markers [2]. There is
also a RAPD profiling for M. alysson L. and M. vulgare L. [7] and ISSRs for five species of
Marrubium [8] reported in the literature.

From the perspective of phytochemistry, members of the Marrubium genus have been
found to be rich in diterpenoids, sterols, flavonoids, and phenylpropanoids, and these
compounds are associated with a wide range of pharmaceutical uses such as antinocicep-
tive, antispasmodic, antioedematogenic, antimicrobial, antiviral, and anti-inflammatory
activities [9,10]. Most of these properties are reported for M. desertii de Noé [11], M. ascher-
sonii Magnus [12–14], and mainly for M. vulgare [15–17]. The latter is considered to date
as a traditional herbal medicinal product (common horehound) with long-standing use
and specific indications as an expectorant in cough associated with cold, for symptomatic
treatment of mild dyspeptic complaints such as bloating and flatulence, and in temporary
loss of appetite [18]. Only few studies have investigated to date the chemical composition
of M. aschersonii in secondary metabolites. The plant produces essential oil with high
sesquiterpenes proportions [12]. Besides, Zhang et al. [14] and Hammami et al. [13] iso-
lated and identified several labdane and halimane diterpenoids with anti-inflammatory
activity. M. aschersonii is a perennial plant with pink bilabiate flowers and thick and whitish
indumentum covering stems and leaves on both sides; it is endemic to the north, central,
and south parts of Tunisia, thriving in sunny open sites of low to medium altitudes or on
lowland steep slopes [19].

Despite the ethnobotanical value and medicinal uses of Marrubium members, this
genus includes both commonplace species like M. vulgare and range-restricted ones such
as the Tunisian local endemic M. ascersonii. The uncontrolled and intensive harvesting
of herbal material directly from wild-growing populations that are rare, range-restricted,
and confined only in small geographical territories (local endemics) may exert pressure
on species survival with implications for the conservation of genetic resources [20]. In
general, to assemble the necessary body of biological knowledge regarding local endemic
species (such as M. ascersonii), previous studies have highlighted the importance of seed
germination studies both for the in situ and the ex situ conservation of prioritized phy-
togenetic resources [21–25]. Taking into account the above-mentioned, great attention
has been given to date to the integrated conservation of species including their sustain-
able exploitation in different economic sectors [24–31]. Additionally, information about
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species-specific propagation techniques is important to optimize conservation actions and
restoration efforts particularly for rare, threatened, and/or local endemic species. In any
case, seed propagation represents the most adequate method to maintain genetic diver-
sity for many species or the most common and the easiest method used in nurseries [32].
Conservation-wise, applied research regarding germination, propagation, and cultivation
trials needs to be species-specific to support and facilitate any conservation or sustainable
exploitation strategy [25].

Regardless, the promising potential was revealed recently for M. aschersonii [24,25,29],
and the feasibility of creating value chains in different economic sectors for future sustain-
able exploitation was also noted [25]. The absence of relevant species-specific information
renders it truly neglected and underutilized species and makes its propagation by Tunisian
authorities difficult, thus hindering conservation plans or restoration programs and im-
peding its possible exploitation in various economic sectors. Unfortunately, M. aschersonii
has not been researched from the perspective of its seed ecology, and consequently, ques-
tions regarding its germination requirements still remain unanswered. The knowledge of
seed germination requirements of M. ascersonii may provide insight about the adaption of
the germination process to habitat conditions and the effect of environmental factors on
seed germination, thus facilitating any future conservation effort. Apart from the absence
regarding seed germination data, information referring to the seedling growth and pilot
cultivation of M. aschersonii is not available as well, thus hindering any attempt for pos-
sible sustainable exploitation. Concerning the latter perspective, apart from knowledge
on species-specific propagation techniques, another main challenge is the production of
quality plant stock material by specialized nurseries [25]. This is due to the harsh conditions
of the Mediterranean environment (prevailing of high temperatures, low water availability,
and decreased soil fertility), and therefore the quality of plant stock produced at nurs-
eries is very important to ensure success in ex situ cultivation programs of local endemic
species for conservation purposes [33]. Cultivation-wise, common nursery practice can
affect the morphological and physiological characteristics of focal species as a result of
the production of planting stock of improved quality aimed to increase the outplanting
success [34]. Quite often the morphological and physiological attributes of planting stock
are defined by the quality of the seedlings [35]. In this respect, the use of inorganic and
integrated nutrient management fertilizers may considerably improve the quality of the
cultivated plants [27,31]. Conservation-wise, habitat restoration programs usually take
place on degraded or poor natural soils; hitherto, it was important to know how to adapt
plant nutrient management throughout plant developmental stages and conditions in the
nursery [36]. For example, it is known that applications of fertilizers in plants produced
in nursery conditions usually increase the survival and growth of their seedlings when
transplanted in natural wild habitat conditions [37,38].

In this context, the study herein firstly aimed to explore comparatively the potential of
M. aschersonii in different economic sectors (ornamental-horticultural, medicinal-cosmetic,
and agro-alimentary). Secondly, this study aimed to produce a detailed ecological profiling
using Geographical Information Systems (GIS) providing insight on the abiotic environ-
mental conditions that M. ascheronii requires in its wild habitats. This is particularly useful
to understand the effect of temperature on the seed germination of M. aschersonii. Addi-
tionally, such generated knowledge represents a fundamental first step enabling both in
situ conservation efforts and ex situ conservation or sustainable exploitation strategies,
informing at the same time whether such conditions can be reproduced during cultiva-
tion and acclimatization in the man-made environment [39,40]. To further bridge extant
research gaps that hinder conservation and sustainable exploitation of this promising
species, the study herein moreover aimed to: (iii) Provide molecular authentication for this
species, thus generating a reference genetic information of M. aschersonii in the GenBank
allowing for genetic relatedness to other Marrubium species (molecular phylogeny) and a
DNA barcoding system for M. aschersonii serving as a fingerprint for traceability of plant
material from the wild to the field and the market and (iv) evaluate the effect of chemical
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and integrated nutrient management fertilizers on the growth of M. aschersonii seedlings
based on measurements of morphological and physiological properties of seedlings, thus
facilitating its cultivation.

2. Materials and Methods
2.1. Multifaceted Evaluation in Different Economic Sectors

Multifaceted evaluation of M. aschersonii in three economic sectors was conducted
(Level I evaluation). More specifically, we overviewed: (i) the ornamental-horticultural
potential of this plant based on twenty related attributes [25], (ii) its agro-alimentary
potential based on seven related attributes, [29] and (iii) its medicinal-cosmetic potential
based on nine related attributes [26]. For the multifaceted evaluation of target NUPs such as
M. aschersonii, a new methodological scheme was created engaging a wide range of experts
and experienced scientists (n = 13) to examine case-by-case the following: selected attributes
per economic sector to be used for this kind of evaluation; the typology of evaluation
attributes (sector-specific or inter-sectorial); appropriate data sources to be consulted for
evaluation (one to four types per selected attribute); score scaling per attribute (two-fold to
seven-fold) and directionality for the scoring of different attributes (possible scores and
value definitions based on the quality and quantity of the extant information retrieved).
Detailed description of this methodological scheme along with guidelines and examples of
scorings of many NUPs (399 local endemic taxa of three Mediterranean regions, i.e., Crete,
Mediterranean Coast–Rif of Morocco, and Tunisia) can be found in our previous studies
targeted in the ornamental sector [25], the medicinal-cosmetic sector [26] and the agro-
alimentary sector [29]. Following the scoring of individual attributes for M. aschersonii,
the sum of scorings for all attributes per economic sector was calculated and expressed as
the relative percentage (%) of the optimum possible score that could be generated in each
sector [25,26,29]. As a result, the potential of M. aschersonii in different economic sectors
was illustrated.

Feasibility evaluation of M. aschersonii (Level II evaluation) involved point-scoring
of 12 selected attributes; these were considered either as prerequisites of common interest
across various economic sectors (eight attributes) or as unique identity elements or special
features (four attributes) that can be exploited in terms of product branding and market-
ing [25]. The designated readiness timescale evaluation for the sustainable exploitation
for M. aschersonii (Level III evaluation) involved the completion of eight criteria, based on
previously published Strengths, Weaknesses, Opportunities, and Threats (SWOT) and gap
analyses. These evaluations were sourced from previous research [25] and are presented
herein in detail for M. aschersonii.

2.2. Distribution Mapping and GIS Ecological Profiling

The distribution points (occurrence data) for the creation of the ecological profile
of M. aschersonii were taken from personal database (Figure 1). Historical climate data
of pixel size 30 s were downloaded from the website of the WorldClim (https://www.
worldclim.org/data/worldclim21.html, accessed on 26 November 2021) to calculate for the
species’ distribution points the minimum, maximum, and average temperatures and mean
values of 19 bioclimatic variables, i.e., Annual Mean Temperature (Bio_1), Mean Diurnal
Range (Bio_2), Isothermality (Bio_3), Temperature Seasonality (Bio_4), Max Temperature of
Warmest Month (Bio_5), Min Temperature of Coldest Month (Bio_6), Temperature Annual
Range (Bio_7), Mean Temperature of Wettest Quarter (Bio_8), Mean Temperature of Driest
Quarter (Bio_9), Mean Temperature of Warmest Quarter (Bio_10), Mean Temperature of
Coldest Quarter (Bio_11), Annual Precipitation (Bio_12), Precipitation of Wettest Month
(Bio_13), Precipitation of Driest Month (Bio_14), Precipitation Seasonality (Bio_15), Precipi-
tation of Wettest Quarter (Bio_16), Precipitation of Driest Quarter (Bio_17), Precipitation
of Warmest Quarter (Bio_18), and Precipitation of Coldest Quarter (Bio_19). To create the
ecological profile of M. aschersonii in the GIS-application, the following layers were used:

https://www.worldclim.org/data/worldclim21.html
https://www.worldclim.org/data/worldclim21.html
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(a) WorldClim version 2.1, containing minimum, maximum, and average temperatures
(◦C) as well as precipitation values (mm) and data for 19 bioclimatic variables for
every month derived from 1970–2000, with a raster resolution of 1 km2, and

(b) Marrubium aschersonii distribution points raster file (Figure 1).
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growing individuals in sparsely vegetated shrub land close to Chaouch village, northern 
Tunisia (Figure 2) at 30 m above sea level (09.540415 N, 36.711894 E). The plants from 
which seeds were harvested were taxonomically identified using the standard floras of 
Tunisia [41,42]. Among five native Marrubium taxa in Tunisia, M. aschersonii differs from 
other taxa of this genus essentially by the number of calyx teeth (10 teeth for M. vulgare, 
6–8 unequal teeth for M. aschersonii, and 5 for M. supinum, M. desesrtii, and M. alysson) [42]. 

Figure 1. Known occurrences (distribution points with red color) of the local endemic Marrubium
aschersonii (Lamiaceae) in Tunisia (between Ain Ouled Sebaa and Tabarka; Menzel Djemil; Hammam-
Lif; Sousse; Sfax; Sidi Bou Zid; Djerba; Matmata; National Park d’Ichkeul; Medjez el Beb; Zembra;
Borj Touil, north of Tunis; Ghar el Melh; Chaouach, north of Toukaber-Medjez el Bab).

2.3. Seed Collection and Storage

M. aschersonii inflorescences were collected on 18 June 2019 by hand from many wild-
growing individuals in sparsely vegetated shrub land close to Chaouch village, northern
Tunisia (Figure 2) at 30 m above sea level (09.540415 N, 36.711894 E). The plants from
which seeds were harvested were taxonomically identified using the standard floras of
Tunisia [41,42]. Among five native Marrubium taxa in Tunisia, M. aschersonii differs from
other taxa of this genus essentially by the number of calyx teeth (10 teeth for M. vulgare,
6–8 unequal teeth for M. aschersonii, and 5 for M. supinum, M. desesrtii, and M. alysson) [42].



Sustainability 2022, 14, 1637 6 of 22Sustainability 2022, 14, x FOR PEER REVIEW 6 of 23 
 

  
(A) (B) 

 
(C) 

  
(D) 

Figure 2. Wild-growing individual of Marrubium aschersonii in its natural habitat (A) close to 
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(Photos: Gisèle Dahlia, reproduced with permission), dried inflorescences in summer (C), extracted 
seeds and exterior seed morphology (D). 

After harvesting, the inflorescences were spread out on filter papers in laboratory 
conditions for 15 days and were left to dry naturally. Individual seeds were extracted by 

Figure 2. Wild-growing individual of Marrubium aschersonii in its natural habitat (A) close to Chaouch
village, Tunisia with verticillasters of bilabitae pink flowers and hairy leaves in spring (B) (Photos:
Gisèle Dahlia, reproduced with permission), dried inflorescences in summer (C), extracted seeds and
exterior seed morphology (D).
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After harvesting, the inflorescences were spread out on filter papers in laboratory
conditions for 15 days and were left to dry naturally. Individual seeds were extracted by
hand-rubbing the calyces, and, subsequently, the seeds and debris were carefully separated
by sieving and flowing. The cleaned seeds were transfer at the Seed Bank of the Institute
of Plant Breeding and Genetic Resources, Agricultural Organization Demeter in Thessa-
loniki, Greece, where the seeds were taxonomically verified based on their morphological
features [41,42] and were assigned with an International Plant Exchange Network (IPEN)
accession number TN-1-BBGK-20,116. The cleaned seedlot of M. aschersonii was stored in
glass containers in the seed bank (3–5 ◦C) until used in the germination experiments.

2.4. Germination Test

Germination experiments were started the following December and were conducted
in the laboratory of Floriculture, School of Agriculture, Aristotle University of Thessaloniki.
Seeds of M. aschersonii were placed in growth chambers (CRW-500SD Chrisagis, Athens,
Greece) to evaluate the germination response at four constant temperature regimes (10,
15, 20, and 25 ◦C) with four replications of 20 seeds for each temperature treatment. The
seeds were placed on filter paper moistened with distilled water in 9 cm sterile plastic Petri
dishes, which were randomly arranged on the shelves of the growth chambers, under a
12 h light/12-dark photoperiod; filter paper was kept moist by adding distilled water when
required throughout the experimental period. Germinated seeds were counted every five
days for a period of 45 days, and thereafter they were removed from the Petri dishes. A
seed was considered as germinated when the radicle was emerged from the seed coat.

2.5. Molecular Markers and PCR Procedures

Plant material was collected from greenhouse-grown plants of M. aschersonii, which
were derived from the seed germination trials. Genomic DNA was extracted from ±250 mg
of young leaves of M. aschersonii according to a modified CTAB protocol [43]. The quality
of DNA was checked on a 1% agarose gel, and the concentration was measured by spec-
trophotometer (NanoDrop™ One, Thermo Fisher Scientific, Cincinnati, OH, USA). DNA
templates were PCR amplified using oligonucleotide primers (VBC-BIOTECH GmbH,
Wien, Austria) for 18S–26S (458 bp), matK (858 bp), petB/petD (1002 bp), rbcL (656 bp),
rpoC1 (504 bp), trnH/psbA (365 bp), and trnL/trnF (877 bp) molecular markers. The PCR
procedure, sequences of the oligonucleotide primers, reagents, sequencing of PCR products,
and analysis of DNA sequences followed the methodology and the use of technical tools de-
scribed by [44]. BLAST searches were applied to all produced sequences using the available
online databases (DDBJ/EMBL/GenBank). New sequence information of M. aschersonii
was deposited in GenBank obtaining specific accession numbers OM212033-OM212038
and OM250036 for each of the above molecular markers. The pairwise genetic distance
and the neighbor-joining tree were constructed using the Molecular Evolutionary Genetics
Analysis (MEGA) 11.0 program [45,46].

2.6. Pilot Cultivation of Seedlings, Transplanting, and Fertilization Treatments

In the second phase, the germinated seeds from the germination experiment of the
study species were placed in 6 × 6 × 6.5 cm containers plastic pots filled with a 3:1 (v/v)
mixture of enriched peat (TS1, Klasmann-Deilmann, Geeste, Germany) and perlite (Isocon,
Athens, Greece). The germinated seeds were carefully covered with sand, and the container
pots were randomly placed on a bench in the greenhouse. Watering was applied to maintain
the proper moisture conditions for further growth.

The seedlings were grown in the container pots until their root system was well-
developed. In the middle of March, the seedlings were carefully transplanted into final
containers (new plastic pots) with dimensions of 9.5 × 9.5 × 10.5 cm. The final containers
were filled with a mixture with soil, enriched peat (TS2, Klasmann-Deilmann, Geeste,
Germany), and perlite (Isocon, Athens, Greece) that was prepared in a ratio of 4:5:1 (v/v).
The above ratio was selected after preliminary experiments (data not shown). In order to
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estimate the soil fertility, before the preparation of the substrate, a sample of approximately
1.5 kg soil was taken and transferred to the laboratory for chemical analyses. The results
of chemical analyses showed that the soil used was moderately coarse in texture with an
alkaline reaction (pH), a high content of calcium carbonate, low organic matter, and normal
salinity (Table 1).

Table 1. Chemical and physical properties of the soil used in experimentation.

pH Organic Matter (%) Soluble Salts (mS/cm) CaCO3 (%)
Mechanical Composition

Sand (%) Silt (%) Clay (%)

8.12 0.36 0.35 5.50 56.00 28.00 16.00
Macronutrient concentrations (ppm)

N-No3 P K Mg Ca
8.00 8.00 104.00 842.00 >2000

Micronutrient concentrations (ppm)
Fe Zn Mn Cu
4.7 2.00 7.06 0.77

After seedling transplanting, the pots were randomly divided into three groups. In
each group, there were eight replicates. In the seedlings of the first group of pots, a
conventional (chemical) fertilization mixture (ChF) was applied, and in those of the second
group of pots, special integrated nutrient management (INM) fertilization was applied—
whereas in the seedlings of the last group of pots, no fertilization was applied (control).
Both types of fertilizers were applied through foliar spray application. The INM fertilization
by foliar application consisted of nutrient solution with THEORUN at 7 mL/L, THEOCAL
at 1.5 g/L, THEOFAST at 5 mL/L, 10-47-10 (AGRI.FE.M. LTD Fertilizers, Korinthos, Greece)
at 3.2 g/L, K2SO4 (0-0-52, AGRI.FE.M. LTD Fertilizers, Aspropirgos, Greece) at 2.07 g/L,
micronutrients (Plex Mix, AGRI.FE.M. LTD Fertilizers) at 1.5 mL/L, and MgSO4 (Mg 25.6%,
AGRI.FE.M. LTD Fertilizers) at 0.6 g/L [27,31]. The conventional fertilization by foliar
application used a nutrient solution that consisted of NH4NO3 (34,4-0-0, Neofert®, Neochim
PLC, Dimitrovgrad, Bulgaria) at 2.7 g/L, Ca(NO3)2 (NITROCAL, Agrohimiki, Greece) at
1.7 g/L, 10-47-10 at 3.2 g/L, K2SO4 (0-0-52) at 2.27 g/L, micronutrients Plex Mix at 1.5 mL/L,
and MgSO4 (Mg 25.6%) at 0.6 g/L [27,31]. The fertilization started at the end of March
and was completed at the middle of June. Twelve weekly applications were performed
with complete wetting of the leaf until the fertilizer solution was drained. The plants were
grown inside a glasshouse of the laboratory of Floriculture, School of Agriculture, in the
farm of Aristotle University of Thessaloniki. During the experimental period, the plants
were irrigated every three days until the substrate was moist.

2.7. Morphological and Physiological Measurements of Seedlings

At the end of June, the effect of the fertilization treatment was evaluated based on
selected morphological variables. The main shoot height (SH) and root collar diameter
(RCD) of all plants and treatment were measured. The SH and RCD were measured using a
metal ruler and a digital caliper, respectively. In addition, the number and the dimensions
(length and width) of 10 leaves from each plant per treatment were measured. Subsequently,
four plants per treatment were randomly sampled for the measurement of the root dry
biomass (RDB) and the aboveground part dry biomass (AGDB) and for the determination
of the tissue nutrient concentration. Dry weights of plants were determined after drying in
an oven at 74 ◦C for 48 h.

At the same time, gas-exchange parameters, chlorophyll, and chlorophyll fluorescence
were determined. The photosynthetic rate (µmol m−2 s−1) was measured by using the
portable gas-exchange system LCi ADC Gas Analyzer (ADC BioScientific Ltd., Hoddesdon,
UK). Counting from the stem top, the 3rd or 4th younger and fully expanded leaf was
clipped by the chamber with a window area of 6.25 cm2. Measurements were taken on
sunny days between 10:00 a.m. and 2:00 a.m. with the ambient temperature ranging from
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25.1 ◦C to 29.8 ◦C and the leaf chamber temperature from 25.3 ◦C to 30.9 ◦C, while the
ambient CO2 concentration (Cref) was 317.56 µmol mol−1, and the range of the chamber’s
water-vapor pressure was 6–8 m bar.

For the chlorophyll measurements, a chlorophyll meter CCM 200 (Opti-sciences,
Tyngsboro, MO, USA) was used for calculating the chlorophyll content index (CCI) based
on the ratio of transmittance measurement at 660 and 940 nm [47].

The chlorophyll-fluorescence parameter Fv/Fm was measured by a OS30p+ Rapid
Plant Stress Screening Device (Opti-sciences, Tyngsboro, MO, USA). Fv/Fm is the ra-
tio of variable (v) to maximum (m) fluorescence after dark-adaptation, representing the
maximum photochemical efficiency of photosystem II, which is used to detect various
stress conditions [48].

Twelve measurements with CCM200 and OS30p+ were taken on six fully expanded
young leaves of M. aschersonii individuals from the middle of the branches in each treatment.

2.8. Plant Tissue Analyses of Seedlings

Plant tissues of the dried aboveground part were finely grounded to pass a 40-mesh
sieve. Specifically, for the determination of tissue nutrient concentration, only the leaves
of four dry aboveground parts per treatment were grounded. There were three samples
of fine powder, which corresponded to the three fertilization treatments applied to plants
(ChF, INM, and control). From each sample, three subsamples of ca. 0.25 g each were
taken (thus, the total number of subsamples was 18). Each subsample was disorganized
by the method of wet oxidation using a triple-acid mixture of H2SO4, HNO3, and HClO4
in a ratio of 5:1:1 at 80 ◦C until a transparent solution was obtained [49]. The digested
samples were filtered using Whatman No. 42 filter papers, and the filtrates were finally
complemented with distilled water up to 50 mL. The solutions were analyzed for total
phosphorus (P) colorimetrically according to the Molybdenum Blue method by using a
Shimadzu spectrophotometer model UV-1201V [50]. The total concentrations of magnesium
(Mg), potassium (K), calcium (Ca), copper (Cu), iron (Fe), zinc (Zn), and manganese
(Mn) were determined by atomic absorption spectroscopy (Perkin-Elmer AAnalyst 300).
Acetylene gas was used as fuel and air as a supportive agent. An oxidizing flame was used
in all cases. Furthermore, for the determination of nitrogen (N), three subsamples of the
powder (each ca. 0.25 g) were taken from each sample. Total N was determined by the
Kjeldahl method [51].

Leaf Nutrient Analyses were conducted in the Laboratory of Forest Soil Science, School
of Forestry, and Natural Environment, Aristotle University of Thessaloniki, Greece.

2.9. Statistical Analysis

The experimental design was a completely randomized design. The data were sub-
jected to analysis of variance (one-way ANOVA), and the comparisons of the means were
estimated using the Duncan’s test at significance level p ≤ 0.05 [52]. Prior to the ANOVA,
only the germination percentage data were transformed to arc-sine square root values [53].
All statistical analyses were carried out using SPSS 21.0 (SPSS, Inc., Armonk, NY, USA).

3. Results
3.1. Overview of the Potential of Marrubium aschersonii in Economic Sectors

Among the 82 Tunisian local endemics comparatively examined in terms of ornamental-
horticultural potential [25], Marrubium aschersonii showed a 34.17% overall score (Figure 3A),
showing rather an interesting general potential in the ornamental-horticultural sector com-
pared to the highest-evaluated Tunisian endemic species, namely, Limonium byzacium Brullo
and Erbern (47.5%). Regarding different subsectors of the ornamental-horticultural indus-
try, M. aschersonii has above-average promising potential as a pot/patio plant with 57.29%
of the optimum possible score, ranking it among the top-three Tunisian local endemics;
otherwise, it may be possibly eligible for landscaping and xeroscaping applications (45.70%
and 42.49% of the possible optimum score, respectively) [25].
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for: (A) 20 ornamental-horticultural attributes resulting in 34.17% of the optimum possible score
(hierarchically ranked in the lowest >35% class, Krigas et al. [25]); (B) nine medicinal-cosmetic
attributes; and (C) seven agro-alimentary attributes reaching 48.15% and 76.19% of the optimum
possible scores, respectively (these scores hierarchically ranked M. ascersonii in lower to average and
highest classes, respectively—see Libiad et al. [54] and Bourgou et al. [26], respectively).

M. aschersonii scored 48.15% in the medicinal-cosmetic sector (Figure 3B) and was
included among the top cases of local Tunisian plants with interesting medicinal-cosmetic
potential mainly due to its identified ethnobotanical uses and medicinal properties [26].

M. aschersonii scored 76.19% in the agro-alimentary sector (Figure 3C), and it was the
highest evaluated taxon among the 82 local Tunisian endemics examined [29], showing a
very interesting potential based on ethnobotanical evidence.

Nevertheless, in terms of feasibility for sustainable exploitation (Level II evaluation,
Krigas et al. [25]) M. aschersonii received a low score (26.39%) compared to other local
endemic plants of Tunisia, which hierarchically ranked this taxon in the lowest class. This
fact outlines important gaps associated with its possible sustainable exploitation. In this
way, the readiness timescale for value-chain creation regarding M. aschersonii (Level III
evaluation upon completion of eight criteria) was assessed as achievable but with an
indeterminable horizon [25].

3.2. Molecular Characterization of M. aschersonii and Annotation in GenBank

Seven different molecular markers were evaluated in M. aschersonii, and its DNA
sequences were analyzed and deposited in the GenBank database. Since there were no
previous DNA sequence submissions in GenBank for M. aschersonii, these data provide
first-time valuable information for DNA comparisons with other Marrubium species. These
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molecular markers were selected according to previous studies and single loci proposed by
the Consortium for the Barcode of Life (CBOL Plant Working Group1) [55].

Annotation of the DNA sequences of M. aschersonii in the GenBank for the maturase
(matK) gene was matched with nine Marrubium accessions (Table 2), which are genetically
verified to 2 bp with M. alysson, to 4 bp with M. crassidens Boiss., to 9 bp with M. pere-
grinum L., to 9 bp with M. thessalum Boiss and Heldr, and to 9–12 bp with five isolates of
M. vulgare. The annotated ribulose 1,5-bisphosphate carboxylase/oxygenase (rbcL) gene of
M. aschersonii was matched to 14 Marrubium accessions (Table 1), which differed to 5 bp
with M. incanum Desr., to 5 bp with M. peregrinum, and to 6–18 bp for twelve isolates of
M. vulgare. The locus of intergenic spacer between tRNA-His (trnH) and photosystem II
protein D1 (psbA) gene of M. aschersonii was matched to five Marrubium accessions (Table 2),
which varied to 7 bp with M. peregrinum, 3 bp and a 25 bp deletion with M. crassidens, and
7 and 12 bp with two isolates of M. vulgare; however, there was one more accession of M.
vulgare (HM590121) recorded in the database with unreliable matching to any Marrubium
trnH/psbA DNA sequences. The external transcribed spacer between the 18S and 26S
ribosomal RNA genes of M. aschersonii was annotated and did not match to any Marrubium
DNA sequences (Table 2), although there were two DNA sequences of M. crassidens and
M. supinum L. in the database; however, Ballota nigra L. (MK909579) was the closest match
to M. aschersonii with 87% similarity. The locus between the cytochrome b6 (petB) and cy-
tochrome b6/f complex subunit IV (petD) genes (petB/petD molecular marker) and the RNA
polymerase beta’ subunit (rpoC1) gene DNA sequences of M. aschersonii found no matches
(Table 2) and therefore provide new DNA sequence data in GenBank for any member of the
genus Marrubium. Lastly, the locus of intergenic spacer between the tRNA-Leu (trnL) and
the tRNA-Phe (trnF) genes of M. aschersonii was matched to 25 different Marrubium species,
and hence a phylogenetic dendrogram was constructed to identify the genetic distance
among different Marrubium species (Figure 4).

3.3. Ecological Profiling of Marrubium aschersonii

Based on the natural distribution range of M. aschersonii, a GIS ecological profile was
generated depicting the abiotic conditions of its wild habitats in terms of temperature and
precipitation (Figure 5).

Temperature-related attributes: According to historical climate data associated with
the wild habitats of M. ascersonii (Figure 5), the lowest mean average temperature has been
recorded in mid and late winter, i.e., January (10.80 ± 0.92 ◦C) and February (11.45 ± 1.02 ◦C).
During the spring months, the average temperature usually begins to rise gradually from
13.24 ± 1.21 ◦C in March to 23.69 ± 1.46 ◦C in June until the mid and late summer months,
and the highest average temperatures usually occur in July (26.56 ± 1.50 ◦C) and Au-
gust (27.02 ± 1.13 ◦C). Later, the average temperature starts decreasing gradually from
24.33 ± 1.16 ◦C in September to 20.27 ± 1.13 ◦C in October, reaching colder temperatures in
November (15.42 ± 1.02 ◦C) and December (12.03 ± 0.95 ◦C). Within this seasonal pattern,
the minima of mean temperatures can be as low as 4.30 ◦C in January, and the maxima
of mean temperatures can be as high as 38.30 ◦C in July (Figure 5). The latter data in
combination with the mean diurnal range (10.38 ± 1.13 ◦C) as well as with the annual mean
temperature (18.34 ± 1.06 ◦C) indicate that M. aschersonii grows and thrives in a favorable
environment without experiencing temperature extremes. This is also confirmed by the
minimum mean temperature, which historically has not been reported to drop down below
0 ◦C (Tmin of Tmin = 4.30 ◦C in January) during the lowest average temperature month
(January). In addition, the maximum mean temperature has not been reported to rise up
above 40 ◦C (Tmean of Tmax = 38.30 ◦C in July). In fact, the Tmin of Tmin in January shows
that M. aschersonii is wild-growing in sites where the winter season is rather mild. These
values may indicate the natural hardiness of this species in terms of temperature extremes.
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Table 2. Nucleotide analysis and comparison of Marrubium aschersonii with other Marrubium species
based on six studied molecular markers. Numbers indicate nucleotide differences (including gaps)
compared to M. aschersonii; multiple numbers in columns show differences between different acces-
sions deposited in the GenBank.

Marrubium Species matK rbcL trnH/psbA 18S–26S petB/petD rpoC1

M. vulgare 9, 9, 9, 9, and 12
(5 accessions)

6, 6, 18, 18, and 8X7
bp (12 accessions) 7, 12 − − −

M. crassidens 4 3 and a
deletion of 25 − − −

M. incanum 5 − − −
M. peregrinum 9 5 7 − − −

M. alysson 2 − − −
M. thessalum 9 − − −
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Figure 5. GIS-derived ecological profile across the natural distribution range of Marrubium aschersonii wild-growing populations in Tunisia (Figure 1) with prevailing
(A) minimum temperatures per month (◦C), (B) maximum temperatures per month (◦C), (C) average temperatures per month (◦C), (D) precipitation per month
(mm), and (E) values for 19 bioclimatic variables extracted from WorldClim version 2.1. In each case, minimums, maximums, averages, and standard deviations are
shown. Line graphs illustrate the minimum (blue lines), maximum (orange lines), and mean (grey lines) monthly values for temperature (◦C) and precipitation (mm).



Sustainability 2022, 14, 1637 14 of 22

Precipitation-related attributes: Based on M. aschersonii occurrence points, precipitation
data in its wild habitats suggest a strong seasonality (Figure 5). Historically, the rainiest
months in the species’ natural range are December and January with 67.08 ± 33.06 mm and
63.83 ± 32.79 mm, respectively. From February (57.25± 30.64 mm) to May (23.75 ± 10.50 mm),
precipitation has been shown to decrease, leading to the dry summer season, with July
(3.42 ± 2.10 mm) being the driest month. From July onwards, precipitation is reported
as slightly increasing in August (8.00 ± 2.74 mm) and markedly so during the autumn
months, i.e., September (34.42 ± 9.52 mm), October (54.58 ± 18.12 mm), and November
(60.00 ± 26.08 mm). It is noteworthy that throughout the wet autumn and winter months, pre-
cipitation may vary considerably, e.g., from Pmean = 67.08 ± 33.06 mm toe Pmax = 139.00 mm
in December, thus suggesting that from year to year the total precipitation in the wild habitats
of M. aschersonii can be quite different.

3.4. Seed Germination Tests

The germination percentages of M. aschersonii were affected significantly by temper-
ature (Figure 6). The seeds incubated at 15 and 20 ◦C exhibited the highest germination
percentage (68.75% and 60%, respectively). Although the seeds incubated at 15 ◦C started
germinating about five days later compared with the seeds incubated at 20 ◦C, in both
temperatures the germination was completed on the 20th day from the beginning of the test
(Figure 6). The increase in incubation temperature to 25 ◦C resulted in a significant drop of
the number of germinated seeds (45%) of M. aschersonii. However, seed germination was
faster at the higher temperatures (20 and 25 ◦C), while seeds incubated at 10 ◦C exhibited
the lowest germination percentage (28.75%).
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Figure 6. Cumulative germination percentage diagrams of Marrubium aschersonii seeds incubated at
different temperatures (• 10 ◦C, � 15 ◦C, � 20 ◦C, and N 25 ◦C). Means are statistically different at
p < 0.05 when they do not share a common letter. The comparisons were made using the Duncan’s test.

3.5. Seedling Growth in Pilot Cultivation

Fertilization of M. aschersonii affected positively the growth and development until
flowering for both treatments compared to control (Table 3). More specifically, the INM fer-
tilization scheme showed an increase for the shoot height (20%), the number of leaves (79%),
the aboveground dry biomass (32%), the photosynthetic rate (19%) and the chlorophyll
content (38%) compared with the control. The ChF scheme also presented a similar increase
(5.4%, 51%, 25%, 106%, and 30% respectively). The INM resulted in a better growth of
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plants by producing 28% more leaves and 14.6% taller plants than the ChF scheme, and the
latter had a greater photosynthetic rate (87%) than INM. It is worth mentioning that the root
dry biomass for ChF treatment was 37% less than the control; the chlorophyll fluorescence
(Fv/Fm), the length, and the width of the leaves remained the same for all treatments.
Between the two fertilizers, no significant difference was found in the chlorophyll content
and the root collar diameter.

Table 3. Effect of fertilization (INM: integrated nutrient management fertilizers; ChF: chemical
fertilizers) on morphological and physiological characteristics of Marrubium aschersonii seedlings.

Characteristics Control INM ChF

Shoot height (cm) 35.75 ± 7.55 a 43.06 ± 5.37 a 37.69 ± 5.94 a

Root collar diameter (mm) 4.03 ± 0.39 b 4.57 ± 0.40 a 4.54 ± 0.26 a

Number of leaves 39.25 ± 7.36 c 70.12 ± 5.19 a 59.37± 6.09 b

Leaf length (cm) 3.12 ± 0.42 a 3.04 ± 0.40 a 3.14 ± 0.73 a

Leaf width (cm) 2.66 ± 0.35 a 2.50 ± 0.29 a 2.71 ± 0.49 a

Root dry biomass (g) 1.10 ± 0.19 a 1.00 ± 0.12 a 0.69 ± 0.16 b

Above ground dry biomass (g) 3.24 ± 0.49 b 4.29 ± 0.60 a 4.05 ± 0.73 ab

Photosynthetic rate (µmol m−2 s−1) 3.48 ± 0.28 c 4.15 ± 0.49 b 7.18 ± 0.40 a

Chlorophyll content 19.16 ± 2.35 b 26.49 ± 1.69 a 24.93 ± 2.31 a

Chlorophyll fluorescence (Fv/Fm) 0.719 ± 0.028 a 0.741 ± 0.017 a 0.725 ± 0.013 a

Means ± standard deviation values are provided. Values in the same row followed by the same letter were not
significantly different (p > 0.05) according to Duncan’s test.

3.6. Macro- and Micronutrient Content

The macronutrient content of the M. aschersonii leaves for INM treatment was remark-
able for the absorption of nitrogen, potassium, magnesium, and calcium compared with
the control (65%, 10%, 6%, and 9%, respectively). The ChF treatment also showed a greater
content of nitrogen at 46%, and an increase in potassium at 5% but also reduced values
for calcium and magnesium at 10% and 9%, respectively. Sodium was the only macronu-
trient with higher values with regards to the control and the fertilization treatments. It is
worth mentioning that the phosphorous absorption was almost the same for all treatments
(Table 4). The micronutrient content of the M. aschersonii leaves in the control plants showed
much better absorption than fertilization treatments, except for the absorption of copper,
which was 35 times greater for the INM treatment compared to the control. With regards to
iron and zinc, the highest Fe and Zn concentrations were reported in unfertilized plants
(Table 5).

Table 4. Macronutrient concentration in the leaves of Marrubium aschersonii young plants.

Treatment N (%) P (mg/gr) K (mg/gr) Ca (mg/gr) Mg (mg/gr) Na (mg/gr)

Control 1.84 c 2.40 a 18.87 c 9.54 c 5.09 a 3.74 a

Chemical fertilizer 2.68 b 2.38 a 19.81 b 8.70 b 4.65 b 3.00 c

Integrated nutrient
management 3.03 a 2.38 a 20.85 a 10.11 a 5.51 a 3.48 b

Within the same column, the means are statistically different at p < 0.05 when they do not share a common letter.
The comparisons were made using the Duncan’s test.

Table 5. Micronutrient concentration in the leaves of Marrubium aschersonii young plants.

Treatment Fe (ppm) Mn (ppm) Zn (ppm) Cu (ppm)

Control 485.69 a 90.21 a 51.31 a 7.08 b

Chemical fertilizer 224.73 b 82.89 a 31.27 c 3.53 b

Integrated nutrient
management 254.60 b 55.90 b 37.50 b 244.86 a

Within the same column, the means are statistically different at p < 0.05 when they do not share a common letter.
The comparisons were made using the Duncan’s test.
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4. Discussion
4.1. Molecular Authentication (DNA Barcoding) of M. aschersonii

Six chloroplast DNA markers and a nuclear ribosomal DNA marker were selected for
molecular barcoding of M. aschersonii, and they were used to identify the genetic distinc-
tion among Marrubium taxa, thus providing a reference genetic DNA profile in GenBank.
The trnL/trnF molecular marker was the most useful for Marrubium taxa identification,
providing 83 accessions from 28 different species of the genus Marrubium [2,5]. The closest
species to M. aschersonii using trnL/trnF is the South and Central Mediterranean taxon
M. alysson (MH685077) and the north-west African taxon M. alyssoides (MH685076), both
with a 6 bp difference (Figure 3) [5]. The trnL/trnF molecular marker has previously been
used in conjunction with four more plastid and nuclear molecular markers to confirm the
monophyly of tribe Marrubieae and the proposed distinction of the five closely related
genera Moluccella, Acanthoprasium, Marrubium, Ballota, and Pseudodictamnus within the tribe
Marrubieae [2,5]. It is worth noticing the analysis of DNA sequences for the rbcL molecular
marker and the species blasted to M. aschersonii. Two of the accessions characterized as
M. vulgare (U28875 and HM590056) revealed high dissimilarities (18 bp) compared to M.
aschersonii but also to ten other rbcL DNA sequences of M. vulgare (14 bp), and therefore
should be checked and experimented again [4]. The matK and trnH/psbA molecular mark-
ers have been widely used for many plants [56], and they have also been used for the
identification of some Marrubium species [6,57]. The application of the matK marker to M.
aschersonii was matched and compared to five Marrubium species and the trnH/psbA marker
to three Marrubium species with the 25 bp deletion to M. crassidens being the most important
(Table 2). The rpoC1 [58] and petB/petD [59] markers did not match to any Marrubium
DNA sequences, and, therefore, these DNA sequences delivered new sequence datasets for
investigations related to Marrubium taxa. Although two accessions of M. crassidens and M.
supinum [60] for the 18S/26S nrDNA molecular marker were deposited in GenBank, it was
not feasible to identify nucleotide similarities with M. aschersonii; instead, it was found to
be matched with Ballota nigra (MK909579, 87% similarity) [61].

The matK, rbcL, trnH/psbA, and trnL/trnF were the most efficient markers for the
molecular characterization of M. aschersoni. Moreover, the 18S-26S, rpoC1 and petB/petD are
reported herein as promising new DNA molecular markers for the genus Marrubium. All
of the above-mentioned target genes/genomic areas are generally conserved in all plants;
therefore, they may be used to define single nucleotide polymorphisms (SNPs) serving as
fingerprints of each particular M. aschersonii individual, and they may also provide accurate
information for genetic identification of a new Marrubium species in the medicinal-cosmetic,
agro-alimentary, or ornamental-horticultural industries.

4.2. GIS-Facilitated Seed Germination

The seeds of M. aschersonii exhibited high germination percentages without any pre-
treatments. In the present study, seed germination varied along a temperature gradient;
thus, seed germination is temperature-related. Specifically, the M. aschersonii seeds ger-
minated optimally in a narrow range of constant temperatures of 15–20 ◦C. From the
GIS-derived ecological profile of M. aschersonii, it was shown that these temperatures
prevail in mid- to late autumn (October and November) in the natural locations of M.
aschersonii. Furthermore, during these months, the mean precipitation in wild habitats of M.
aschersonii starts increasing to 54.58 mm and 60.00 mm, respectively. In this way, the seeds
of the target species probably take advantage of suitable conditions. However, the narrow
range of suitable temperatures for germination may be so because in the wet season the
amount of precipitation is not very high compared to other regions (precipitation of wettest
quarter = 196.75 mm); therefore, M. aschersonii has probably developed an evolutionary
specialization in the specific temperature range for its optimal germination. However, seeds
of other Marrubium species such as M. vulgare can germinate over a wide temperature range,
and their highest germination was observed under a 25/20 ◦C (day/night) alternating
temperature regime [62]. Furthermore, this temperature range between 15–20 ◦C has been
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referred to as optimal for seed germination for many Mediterranean species [63,64]. Funda-
mental studies [65] refer that temperature is a major environmental factor responsible for
the timing of germination and that some species have a specific temperature range for seed
germination. Therefore, the regulation of germination by temperature acts as a mechanism
that allows the M. aschersonii seeds to germinate under favorable environmental conditions
for seedling establishment and survival. M. aschersonii appeared to be sensitive to the
incubation temperature, since the increase in temperature to 25 ◦C resulted in a significant
decrease in germinated seeds. This fact may be considered as a closer adaptation of this
species to its natural environment. Furthermore, the rapid germination of M. aschersonii
seeds may be considered as an adaptation mechanism to avoid the dry unfavorable condi-
tions for seedlings’ growth. Thus, rapid germination may ensure the rapid establishment
of seedlings in a period where soil maintains adequate moisture.

4.3. M. aschersonii Seedling Growth and Response in Fertilization

The study herein reported for the first time the cultivation of M. aschersonii examining
the effect of fertilization (chemical and integrated nutrient management fertilizers compared
to control plants with no fertilization). Generally, it is known that fertilizers can help to
maintain a relatively high photosynthetic rate in plant leaves [66]. Thus, in our experiments
with M. aschersonii the photosynthetic rate was increased when chemical fertilization
was used. Of course, integrated nutrient management also increased the photosynthetic
rate compared to control plants. These findings align with the general trend inferring
that the application of fertilizers may enhance plant photosynthesis and the subsequent
plant production [67,68]. However, it should be noted that the reasonable use of N can
increase the potential activity and photochemical efficiency of PSII but may reduce qN,
thereby improving the photosynthetic performance [69], which means that only rational
application of N fertilizer can improve the photosynthetic efficiency [70]. In the same
trend, it has been reported that P fertilization promotes nutrient uptake as well as nutrient
transportation, and thus improves plant growth, dry matter accumulation, and light-use
efficiency in plants [71].

The plants’ chlorophyll content is in general positively correlated with both chemical
and INM fertilizer application [72–74]. On the other hand, chlorophyll content can also
be used as an indicator for reducing fertilizers, especially N, as well as for determining
the health of the free-of-stress cultivated plants [74]. In the M. aschersonii cultivated herein,
the foliar application of both fertilizers contributed to higher chlorophyll values compared
to control plants (no fertilizer). Regarding the chlorophyll fluorescence measurement, the
quantum yield of photosystem PSII (Fv/Fm) is the most frequently evaluated parameter [75].
In normally developing plant leaves of cultivated plants, the value of Fv/Fm usually ranges
from 0.74 to 0.85 [76]. The results of this study concerning M. aschersonii indicated values
for this parameter at the lower edge of the normally expected range. Previous studies [75]
report that Fv/Fm values may decrease in the presence of stressing factors. However,
our observations and measurements in the pilot M. aschersonii cultivation were not able
to indicate symptoms of stress conditions, and the cultivated plants developed well and
flowered within the first year. Thus, it may be plausible that in some endemic species
that are naturally adapted to survive in extremely difficult situations in their wild habitat
the expected normal values reported by Lichtenthaler et al. [77] may be naturally shifted
towards lower levels of Fv/Fm. Support for this assumption is contributed to by the more
or less similar chlorophyll fluorescence values across all treatments in M. aschersonii, as
well as the increased chlorophyll content in the treatments with fertilization application,
which were detected.

The comparison of INM and ChF fertilization treatments against the control (no
fertilization) showed many positive aspects, except the micronutrient absorption of Fe,
Zn, and Mn. The higher values of INM in the shoot height, the number of leaves, the
aboveground dry biomass, and the chlorophyll content are fundamental cultivation targets
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in agriculture, suggesting the use of the INM scheme by foliar application as an effective
cultivation protocol for M. aschersonii.

4.4. Re-Evaluation of Feasibility and Readiness Timescale for the Sustainable Exploitation of
M. aschersonii

The knowledge and data generated herein for M. aschersonii should be taken into
consideration to re-evaluate the feasibility for value-chain creation for this taxon (Level II
evaluation after Krigas et al. [25]). After such re-evaluation of the attributes reported in our
previous investigation [25], the feasibility for value-chain creation for M. aschersonii was
considerably improved from 26.39% to 48.61%, thus upgrading this taxon from the very
low or lowest class to the lower to average class (>35–50%). The difference in the Level II
re-evaluation was generated due to the increased ex situ conservation (score 3: two stored
accessions in two different institutions); the development of the seed propagation protocol
(score 6 compared to 0); the high germination rate achieved (68.75%, which is equivalent to
score 5 compared to 0); the documented knowledge on species-specific cultivation needs
(score 6 compared to 0); and the development of the species-specific cultivation protocol
(score 6 compared to 0). This Level II re-evaluation indicates, furthermore, an upgrade
in terms of the readiness timescale for sustainable exploitation regarding M. ascersonii
(Level III evaluation according to Krigas et al. [25]); the latter was previously assessed as
“indeterminable” [25]; this was upgraded herein to “achievable in the long-term” (class;
>35–50%) but in fact, is very close to “achievable in medium-term” (class: >50–55%).

5. Conclusions

This study produced for the first time a detailed ecological profiling using Geographi-
cal Information Systems (GIS), which may provide insight on the abiotic environmental
conditions that M. ascheronii requires in its wild habitats, informing at the same time
whether such conditions can be imitated during cultivation and acclimatization in the
man-made environment [31,39]. This profiling was particularly useful to understand the
effect of the temperature on the seed germination of M. aschersonii and can be further
exploited to produce detailed species-specific cultivation guidelines [31,39]. Furthermore,
effective seed propagation of M. aschersonii as firstly reported herein can be perceived as a
basic step enabling both in situ conservation efforts and ex situ conservation or sustainable
exploitation strategies for this local endemic species of Tunisia [25,31,39]. The molecular
authentication (DNA barcoding) of M. aschersonii, which was also first reported herein,
may facilitate traceability in product design including parts of M. aschersonii. When taken
all together, along with the first-time detected effects of chemical and integrated nutrient
management fertilizers on the growth and pilot cultivation of M. aschersonii, seedlings are
able to bridge important extant research gaps that hindered to date the conservation efforts
and/or the sustainable exploitation for this local endemic plant of Tunisia with promising
medicinal-cosmetic [26] or agro-alimentary potential [29] and ornamental-horticultural
value [25]. Undoubtedly, coordinated efforts, domestic legislative instruments (e.g., extinc-
tion risk assessments at the national scale with IUCN criteria and protection acts for priority
species of flora) as well as more applied research (e.g., vegetative propagation, pilot culti-
vations, agroprocessing aspects, etc.) are needed prior to attempts to attract stakeholder
attention and to create an effective value chain for this highly promising species.
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