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Abstract

Pontechium maculatum (Boraginaceae) is a species of high conservation concern in the Ro-
manian flora. It is assigned the national IUCN category “vulnerable”, legally protected
according to the national Biological Diversity Act, and listed in Annex II of the Habitats
Directive (Council Directive 92/43/EEC). P. maculatum, formerly known as Echium rus-
sicum, is a biennial herbaceous plant, rare in many parts of its range and even critically
endangered in some countries. In Romania, populations of this species are found in several
areas of Transylvania, Moldova, Dobrogea, and Oltenia, mostly within protected areas,
with the number of individuals reaching over 1500, and the populations being stable with
a favorable conservation status. In the present study, ten populations of P. maculatum
from the “Iron Gates” Natural Park in SW Romania were analyzed. For each density, the
composition of the plant community was assessed, as well as some morphological and
physiological parameters of the plants. The results indicated the phytocoenotic variability
of the species, with a different dominant abundance in the floristic composition of several
plant communities. Statistical analysis of quantitative traits revealed variability depending
on density (at lower densities, plants have a higher number of leaves and photosynthetic
rate). Also, the photosynthetic rate was mainly temperature-dependent, rising with this
factor. This research found that in some areas, there are insufficient numbers of individuals
due to invasive species. The identified variability of Pontechium maculatum in the “Iron
Gates” Natural Park is demonstrated by the interplay of ecological factors, human influ-
ence, and conservation efforts. Our findings suggest that effective conservation strategies
should focus on managing invasive species and enhancing habitat conditions to support P.
maculatum populations.

Keywords: density; “Iron Gates” Natural Park; Pontechium maculatum; population;
phytocoenotic studies; variability

1. Introduction
Pontechium maculatum (L.) Böhle & Hilgeris (Boraginaceae family) is a Pontic–Pannonian

species native to Central and Southern Europe and found further east in the Caucasus
and Anatolia regions [1]. It was previously classified as a species within the genus Echium
L. under the names of Echium russicum J. F. Gmelin and other synonyms, including E.
maculatum L., E. acutifolium Lehm., E. clavatum Willd. ex Lehm., and E. linearifolium K. Koch.
The existence of a bicapitate stigma, along with molecular evidence from plastid trnL (UAA)
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intron, trnL (UAA)–trnF (GAA) spacer, and nuclear (ITS1) DNA sequences, reinforced the
classification of Pontechium Böhle & Hilger as a separate genus, with the species being
assigned a unique position in the new genus as P. maculatum [2]. This species is known by
various common names: Russian bugloss, viper’s bugloss, red-flowered viper’s grass, or
snake’s head in Romania and Cretan viper’s bugloss in Georgia and Azerbaijan. Plants are
herbaceous and biennial, with erect stems of up to 70 cm. Its crimson blooms are arranged
in spike-like inflorescences measuring 25–30 cm, consisting of short bracteate cymes. It is
distinguished from other Echium species in Romania by its corolla color, which frequently
varies from red to violet hues, while in E. italicum, the corolla is white or reddish-white,
and in E. vulgare, the corolla is blue [3].

The Russian bugloss is a popular decorative and therapeutic plant, noted for its
antibacterial, wound healing, and antioxidant properties [1,4,5]. The seeds possess nu-
traceutical potential because of their elevated levels of omega-3 and omega-6 fatty acids [6].
Owing to its flower arrangement, the species holds significant ornamental value and is sold
on the European and American markets [1].

P. maculatum is considered rare and endangered in numerous parts of its natural
habitat. In many countries, it appears in the national red lists and, in some, even in the Red
Books, classified under different categories of threat. It has received the IUCN category of
CR (critically endangered) in the Czech Republic [7] and in Poland [1,8], EN (endangered) in
Slovakia [9], and VU (vulnerable) in Bulgaria [10]. Additionally, it is mentioned in Annexes
II and IV of Habitats Directive 92/43/EU (as modified by Directive 2013/17/EU) [11],
which addresses European species that need particular conservation areas and rigorous
protection. The conservation status of the species is unfavorable–bad in the Alpine region
(Slovakia), in the continental region (Czechia and Poland), and in Pannonian (Slovakia).

P. maculatum exhibits notable variability across its populations in Romania. Ecological
factors, propagation techniques, and conservation initiatives influence this variability [12].
The species is widely distributed across the Transylvanian and Moldavian plateaus, as
well as Dobrogea, but is restricted in Bucovina and the Romanian Plain [13]. As per the
Natura 2000—Standard Data Forms, it can be found in 45 Sites of Community Importance,
with a majority of locations having an unfavorable conservation status [3]. It is a rare
species, with a favorable conservation status in terms of population and habitats [14]. It has
been frequently referenced in floristic and phytosociological research from Romania, be-
ginning with the foundational studies of [15,16] up to contemporary investigations [17–21].
Nonetheless, additional research is required to gain a deeper insight into the biology of
this species, already rare in many regions, which may experience significant population
declines and potential local extinctions under present climate conditions.

Ecologically, it is a xero-mesophyte, sub-thermophile species, found in meadows, thick-
ets [3], orchards, hayfields, shrubs [22], and along forest edges from the steppe region [23]
to the mountains [24].

Due to beautiful and colorful inflorescences, P. maculatum is an invaluable horticultural
plant and is capable of generating a substantial quantity of nectar, thus serving as a
significant crop for beekeeping, as noted in [1]. The same authors also mention that the
species has valuable compounds (rosmarinic acid and shikonin) that possess therapeutic
benefits. It is part of Habitats Directive 92/43/EU, which addresses European species
requiring strict protection and designated conservation areas. Examination in its natural
habitats is crucial since regions with minimal investment in environmental protection
and conservation may see species facing higher extinction risk, while climate change
could influence the distribution and abundance of plants, increasing their vulnerability to
extinction [25].
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Invasive species can compete with native plants for resources, leading to decreased
populations and changing the balance of an ecosystem.

In Romania, P. maculatum is present in the plant community composition of Natura
2000 Habitats: 62C0* Ponto Sarmatic steppes; 6240* Sub-Pannonic steppic grasslands;
6210* semi-natural dry grasslands and scrub land facies on calcareous substrates (Festuco-
Brometalia); and 6250* Pannonic loess steppic grasslands, along with 40A0 subcontinental
peri-Pannonic scrub (code specie 4067) [26].

The aim of this study was to examine how density influences the morphology, the
phenology, and certain physiological traits of P. maculatum found in the Iron Gates Natural
Park. This is situated in southwestern Romania, which is among the country’s protected
natural areas with the highest biological diversity [27]. Alongside morpho-metric analysis,
an assessment of photosynthesis under natural conditions and a comprehensive floristic
and phytocoenotic investigation were performed, facilitating the identification of the plant
communities where the examined densities of Russian bugloss are located.

The research carried out by us on significant populations located in a protected zone,
specifically within a natural park in Romania, has uncovered new information regarding
the phytocoenology and morpho-physiology of this species, which is detailed here.

2. Materials and Methods
2.1. Area of Study

Ten populations (based on the occurrence frequency of P. maculatum/m2) were ana-
lyzed in the “Iron Gates” Natural Park, located in the geographical area called the Danube
Gorge (Figure 1). These were discovered in two locations that have comparable eco-pedo-
climatic conditions, Baia Nouă (44◦33′16′′ N 22◦07′44′′ E) and Eibenthal (44◦32′42′′ N
22◦9′51′′ E), which are both part of the Dubova Commune, Mehedint,i County, Banat re-
gion. The elevation of the examined regions ranges from 100 to 400 m. The climate is
temperate-continental, featuring an average yearly temperature between 8 ◦C and 11 ◦C,
and precipitation is moderate, with a relatively balanced distribution throughout the year.
The pedological parameter values for Baia Nouă and Eibenthal include these general as-
pects: the soil type is brown luvic or luvisol, characterized by a profile with an Am-Aca-Cca
horizon exhibiting moderate acidity and high fertility, reflecting the temperate forest cli-
mate of the Iron Gates National Park. The pH levels of these soils can vary between 4.5 and
6.5. The populations were studied in situ during the summers of 2020–2023.

 

Figure 1. Map of the study area.



Sustainability 2025, 17, 9558 4 of 19

2.2. Floristic and Phytosociological Analysis

Taxa identification relied on the Romanian flora [28] and Flora Europaea [29]. The
method of phytosociological research developed by Braun-Blanquet (1932) [30] from the
Central European School was utilized for the phytocoenotic research in the study area. The
plant communities were recognized and differentiated based on the characteristic, edifying,
dominant, and differential species. To identify plant communities and for coenotaxonomic
classification, the synthesis works of [31–33], along with [34–37], were used. Data were
gathered from ten regions of the two specified locations, where five experimental plots
measuring 100 m2 were selected for each plant community type containing the species
under investigation. The constancy of the species (K) was observed using data from at
least five relevées, with each relevée representing vegetation plots from different locations,
following standard phytosociological protocols.

2.3. Morphological and Physiological Determinations

In the investigation of phenotypic diversity, the following traits were measured in the
wild for each plant identified in a m2: plant height, number of leaves, and inflorescence
length. The evaluation of these growth factors facilitated the estimation of the species’
potential for expansion in the studied regions. A measuring device (meter) was utilized to
determine plant height and inflorescence length.

The photosynthetic rate was determined in five plants from each density, utilizing
five intact leaves. The recording of this physiological parameter occurred over the course
of the day (every two hours, starting with 8:00, 10:00, 12:00, 14:00, 16:00, 18:00 and 20:00),
alongside readings of atmospheric temperature. The physiological parameter data were
measured at an average value of 250 µmol/m2/s PPFD, with PPFD representing photosyn-
thetic photon flux density, which indicates instantaneous light intensity. The assessments
took place every June from 2020 to 2023, utilizing a portable device to determine the
photosynthetic rate: Model LCi 300, by ADC BioScientific Ltd., Hoddesdon, UK.

2.4. Statistical Analysis

The statistical analyses of the data were conducted utilizing SPSS Statistics s v. 16
(IBM SPSS Statistics) and Statgraphics Centurion XVI (Statgraphics Tech-601 technologies,
The Plains, VA, USA). One-way ANOVA was employed to assess the differences across the
analyzed densities, and LSD multiple comparisons tests were conducted at the p ≤ 0.05
significance level. A Pearson correlation was determined for the examined traits. The
method of principal component analysis described by Harman (1976) [38] was utilized to
extract the components. The variability percentage accounted for by each component was
established [38,39]. Principal component analysis was conducted using a bi-plot graphical
representation. A hierarchical dendrogram utilizing the Bray–Curtis similarity index was
used to conduct the multivariate analysis. Synthetic ecological indices were also computed
(abundance, dominance, constancy, and ecological significance index) [40].

3. Results
3.1. Phytosociological Assessment of Pontechium maculatum in Plant Communities

The presence of particular eco-pedo-climatic conditions in the region where the species
was found was associated with substantial phytocoenotic variability in the floristic compo-
sition of various plant communities, each exhibiting different dominant abundances. Thus,
based on the geobotanical research conducted in the examined area, the populations of
Russian bugloss that were analyzed are classified into four plant communities: Brachypo-
dio pinnati-Festucetum rupicolae Ghişa 1962, Medicagini-Festucetum valesiacae Wagner 1941,
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Danthonio Chrysopogonetum grylli Boscaiu 1970 and 1972, and Festucetum valesiaco-rupicolae
Csuros et Kovacs 1962 (Figure 2).

 
(a) (b) (c) 

Figure 2. P. maculatum in the floristic composition of (a) Medicagini-Festucetum valesiacae; (b) Fes-
tucetum valesiaco-rupicolae; and (c) Danthonio Chrysopogonetum grylli plant communities.

The Brachypodio pinnati-Festucetum rupicolae plant community (Table 1) characterizes
meadows with a heterogeneous structure, covering limited areas in the Tisovit,a Valley, near
the Eibenthal locality, and is adjacent to vegetation typical of the thermophilic and sub-
thermophilic regions of the Danube Valley in southwestern Romania. This meadow type is
marked by significant human influence, featuring various invasive woody and herbaceous
species like Ailanthus altissima, Elaeagnus angustifolia, Morus nigra, Erigeron annuus, Pteridium
aquilinum, and Conyza canadensis, which exhibit high abundance and dominance. However,
other rare, protected species are present in the floristic composition, including Dianthus
giganteus subsp. banaticus, Veronica prostrata, Cleistogenes serotina, Orchis morio, O. militaris,
O. coriophora, Centaurea atropurpurea, Dianthus armeria, and others. In this community, the
populations of P. maculatum ranged from 4 to 25 individuals. The typical xero-mesophilic
and sub-thermophilic ecological conditions that promote healthy morphological growth
led to most of these individuals being well developed and exhibiting proper fruiting. To
enhance the population of individuals, it is recommended that the unwanted anthropophilic
species be removed from the phytocoenoses and meadows be mowed, ensuring that the
habitat conservation status and the P. maculatum species remain favorable.

Table 1. The floristic composition of the investigated plant communities in which Pontechium
maculatum was identified.

Plant Community No. 1 2 3 4

Area (m2) 100 100 100 100

Number of relevées analyzed 5 5 5 5

Species characteristics Constancy of the species (K)

Brachypodium pinatum V . . .

Chrysopogon gryllus V V . V

Danthonia alpina I . IV .

Festuca rupicola II V II V

Festuca valesiaca II V I V

Medicago falcata . . III I
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Table 1. Cont.

Plant Community No. 1 2 3 4

Medicago lupulina . I III .

Medicago minima I IV I I

Thymus pannonicus II IV V III

Festucion valesiacae et
Festucetalia valesiacae

Fragaria viridis . II . .

Achillea coarctata . II . .

Achillea setacea . . IV .

Allium favum . . I I

Anthemis tinctoria I . III I

Bromuss quarrosus . . II .

Carlina vulgaris V II . II

Chondrilla juncea . . I .

Pontechium maculatum III V II V

Falcaria vulgaris . . III .

Koeleria macranta . . I .

Knautia arvensis . I . .

Muscari tenuiflorum . I I I

Potentilla arenaria . . II .

Scabiosa banatica . . III .

Teucrium chamaedrys IV V III V

Festuco-Brometea

Galium verum V . II V

Ajuga genevensis V V . I

Allium vineale . I III .

Centaurea atropurpurea

Cerastium brachypetalum . III . .

Cerastium glomeratum V I . II

Coronilla varia I . III II

Danthonia provincialis IV III . .

Dianthus armeria II . I II

Dianthus giganteus ssp. banaticus II . . II

Draba verna I III . IV

Eryngium campestre IV IV I I

Euphorbia cyparissias I I III I

Hieracium pilosella V V . I

Hypericum perforatum I I . III

Ornithgalum umbellatum I I . I

Polygala comosa . . II I
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Table 1. Cont.

Plant Community No. 1 2 3 4

Potentilla argentea V V . I

Prunella laciniata I . . .

Ranunculus sardous . . II I

Rhinanthus rumelicus . . II I

Rorippa austriaca . . I I

Salvia nemorosa . . I .

Salvia verticilillata . . III .

Cleistogenes serotina I . . .

Tragopogon dubius . . III I

Trifolium campestre IV IV . I

Veronica prostrata I I . .

Molinio-Arrhenatheretea

Achillea millefolium IV III . III

Agrostis capillaris IV V I III

Alopecurus pratensis V . . III

Anacamptis papilionacea IV . . IV

Anacamptis pyramidalis II I . II

Anchusa barellieri . . . III

Anchusa officinalis I . . I

Anthoxanthum odoratum II II I II

Briza media IV . . II

Campanula patula ssp. patula V II . II

Centaurea solstitialis I . . .

Cerastium brachypetalum V V . III

Cerastium glomeratum V V . I

Cichorium intybus I I . .

Cynosurus cristatus . I . .

Cynosurus echinatus . II . .

Dactylis glomerata II I I II

Dasypyrum villosum . . I .

Dianthus carthusianorum . . V .

Dorycnium herbaceum . . I .

Filipendula hexapetala . . I .

Holcus lanatus . . I .

Hypericum rocheli . . I II

Hypochoeris maculata . . I .

Inula britannica . . I .

Leontondon hispidus . . II .

Leucanthemum vulgare . . I .
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Table 1. Cont.

Plant Community No. 1 2 3 4

Melica ciliata . . IV I

Orchis morio II . II .

Orchis militaris I . I .

Orchis coriophora I . . .

Orobanche gracillis . . I .

Peucedanum cervaria . . II .

Phleum montanum . . I .

Phleum phleoides . . I I

Plantago lanceolata . . II I

Plantago media . . I .

Poa pratensis . . III .

Ranunculus illyricus I . III .

Rumex acetosa . I I I

Rumex crispus . . III .

Sanguisorba minor . . II .

Sideritis montana . . II I

Sisymbrium officinale . . I .

Trifolium montanum . . II .

Trifolium pratense I II I I

Trifolium repens . . II .

Trifolium resupinatum I . I I

Vicia cracca . . I .

Viola tricolor I II I .

Vulpia myuros . . III I

Stellarietea mediae

Carduus candicans V II . II

Carthamus lanatus III II . II

Conyza canadensis II II II II

Cynodon dactylon . III . .

Erigeron annuus III . I .

Erodium cicutarium . I . .

Gagea arvensis . . I .

Hyoscyamus niger . . I .

Papaver dubium IV IV . I

Sisymbrium loeselli I I . .

Thlaspi arvense I I . .

Xantium orientale IV II III I

Variae Syntaxa

Lychnis coronaria . II II .
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Table 1. Cont.

Plant Community No. 1 2 3 4

Ambrosia artemisiifolia . I . III

Asclepias syriaca . II . I

Cotynus coggygria IV IV . .

Crepis setosa II II . I

Lychnis viscaria I I . I

Prunus spinosa . I . .

Pteridium aquilinum III II . .

Elaeagnus angustifolia II . . .

Ailanthus altissima III . I .

Morus nigra II . . .

Rosa agrestis . III . II

Rosa canina . I I II

Rubus fruticosus . I I .

Solanum nigrum . II . .

Urtica dioica II I . .
Legend: 1—Brachypodio pinnati-Festucetum rupicolae Ghişa 1962 plant community (five relevées, Eibenthal,
17.VII.2021; 23.IX.2022); 2—Medicagini-Festucetum valesiacae Wagner 1941 plant community (five relevées, Tisovit,a
Valley, Eibenthal, 27.VI.2022; 18.XI.2023); 3—Danthonio Chrysopogonetum grylli Boscaiu (1970, 1972) plant com-
munity (five relevées, Baia Nouă, Eibenthal, 12.VII.2023; 17.IX.2023); 4—Festucetum valesiaco-rupicolae Csuros et
Kovacs 1962 plant community (five relevées, Baia Nouă, 11.VII.2023; 17.VII.2023).

The Medicagini-Festucetum valesiacae (Table 1) plant community typically occurs in
degraded soil areas. The phytocoenoses investigated in this plant community were located
on level terrain and sunny slopes and on calcareous soil exhibiting xerophytic conditions,
near the Eibenthal locality. From a physiognomic perspective, the analyzed phytocoenoses
are characterized by the occurrence of species from the Festucion valesiacae alliance and the
Festuco-Brometea class. The structure and floristic physiognomy of these phytocoenoses
are quite heterogeneous. Alongside the species Festuca valesiaca, Medicago lupulina, and M.
falcata, many species are indicative of the classes Molinio-Arrhenatheretea, Stellarietea mediae,
and Artemisietea vulgaris. In the floristic composition of certain relevées, the most developed
populations of P. maculatum from the area were identified, consisting of 10 to 53 individuals.
The analyzed phytocoenoses exhibited a lower number of ruderal and segetal species,
along with invasive species, resulting in a notably less anthropophilic character for the
community, thus favoring the conservation status of both the habitat and the species. To
maintain the positive conservation status of P. maculatum, the utilization of these meadows
must closely align with pastoral standards and suitable management practices.

The Danthonio Chrysopogonetum grylli (Table 1) community covers extensive regions
within the analyzed perimeter. Similar to those mentioned earlier, the floristic composition
of the phytocoenoses is diverse, including numerous species typical of steppe meadows,
particularly dominated by perennial plants from the Festucion valesiacae alliance, as well
as from the Festuco-Brometea class. These meso-xerophilic and xerophilic communities
thrive on sunny and semi-sunny slopes, utilizing rocky substrates and clayey or sandy
sedimentary formations. These meadows are of mixed origin: partly natural and partly
anthropogenic, but P. maculatum populations are robust, ranging from 10 to 44 individuals.
Among these relevées, invasive species were also recognized, including Erigeron annuus
and Conyza canadensis, which exhibited relatively low abundance–dominance. Ecological
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conditions were favorable, with the plant community situated at the edge of a forest of black
pine (Pinus nigra ssp. banatica), allowing P. maculatum individuals to attain optimal growth.

The Festucetum valesiaco-rupicolae community includes phytocoenoses that typically
thrive on clayey–marly soils, slightly halophilic. These phytocoenoses were examined in
the central part of the Iron Gates Natural Park, around Baia Nouă, close to the old mining
quarry, and in Tisovit,a Valley, Eibenthal. The phytocoenotic structure is defined by the
significant abundance–dominance of species belonging to the Festucion valesiacae alliance
and the Festuco-Brometea class (Table 1). In the phytocoenoses of this association, the species
often observed include Briza media, Holcus lanatus, Dactylis glomerata, Cynosurus cristatus,
Anthoxanthum odoratum, Poa pratensis, Trifolium pratense, and Agrostis capillaris. P. maculatum
specimens were recognized in the floristic composition of various relevées of this plant
community, with their count ranging from 4 to 18, based on the conservation status of the
phytocoenoses in this meadow type.

In Tisovit,a Valley, which passes through the town of Eibenthal, the studied phyto-
coenoses show a comparatively good conservation status. In the Baia Nouă region, the
examined phytocoenoses exhibit a poor conservation status, which adversely affects P. mac-
ulatum, with their population reaching only two and showing reduced vigor (the vegetative
organs are less developed morphologically, with shorter plants and leaves). Similar to other
regions within the surveyed area, certain phytocoenoses that form these meadows where P.
maculatum thrives are invaded by bushes of Prunus spinose (from the Medicagini-Festucetum
valesiacae Wagner 1941 plant community), Rubus fruticosus (from the Medicagini-Festucetum
valesiacae Wagner 1941 and Danthonio Chrysopogonetum grylli Boscaiu (1970, 1972) plant
communities), and Rosa canina (from the Medicagini-Festucetum valesiacae Wagner 1941, Dan-
thonio Chrysopogonetum grylli Boscaiu (1970, 1972), and Festucetum valesiaco-rupicolae Csuros
et Kovacs 1962 plant communities), while in others, it is dominated by the invasive species
Pteridium aquilinum. These shrub species adversely affect P. maculatum populations by over-
shadowing the plants, harming the grassland habitat where they thrive, and altering its
species composition. Non-native species identified include Xanthium strumarium, Ambrosia
artemisiifolia, and Erigeron annuus, among others. The Festucetum valesiaco-rupicolae Csuros
and Kovacs (1962) plant community corresponds to habitat 6240*, which is part of the
Natura 2000 habitat network. The significant pressures that adversely affect P. maculatum
include the following: I01—non-native invasive species; I02—unwanted species (Pteridium
aquilinium, Prunus spinosa, Rubus fruticosus, and Rosa canina).

This grove is included in the Natura 2000 habitat—6210* semi-natural dry grasslands
and scrubland on calcareous substrates (Festuco Brometea) (* priority for important orchid
sites); in the classification system of Palearctic habitats, it falls under the type—CLAS. PAL.:
34.31 up to 34.34 and 6240* sub-pannonic steppic grasslands; in the classification system of
Palearctic habitats, it is categorized as type—CLAS. PAL.:34.315 [26].

3.2. Morphological and Physiological Analysis

It was found that the individuals particularly thrive in the meadows that are unmowed
or ungrazed due to minimal disturbances (Figure 3).

The statistical analysis of the quantitative characteristics was performed according to
the density of P. maculatum plants. For plant height, the highest average values were those
calculated at the highest densities. The same situation was also found for the inflorescence
length characteristic. Concerning the number of leaves, the highest average values were
observed at the lowest densities (Table 2). Concerning the ratio between inflorescence
length and the total length of the plant, a decrease was observed as density increased. The
decrease in the values of this ratio indicates that at high densities, shading takes place,
leading to a decrease in the number of flowers.
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Figure 3. Vigorous specimens of P. maculatum from Tisovit,a Valley.

Table 2. Variations in the mean values of morphological characteristics according to the density of
the plants.

P. maculatum
Density

Plant Height
(cm)

Number of
Leaves

Inflorescence
Length

(cm)

Ratio of
Inflorescence
Length/Total

Height

4 pl./m2 37.22 ± 13.10 gh 33.4 ± 14.03 a 19.13 ± 7.35 e 51.4 a

10 pl./m2 36.47 ± 11.31 h 34.5 ± 14.15 a 19.11 ± 7.67 e 52.4 a

14 pl./m2 40.11 ± 11.71 gh 31.4 ± 11.93 ab 22.22 ± 7.89 bcde 55.4 a

18 pl./m2 45.47 ± 12.82 fg 28.9 ± 10.85 bcd 20.05 ± 6.47 de 44.1 b

22 pl./m2 50.22 ± 12.66 ef 27.5 ± 9.11 cd 21.29 ± 6.11 cde 42.4 bc

25 pl./m2 55.33 ± 12.28 de 26.9 ± 8.65 d 23.40 ± 6.46 bc 42.3 bc

32 pl./m2 61.92 ± 13.87 cd 26.2 ± 7.10 d 24.64 ± 6.26 ab 39.8 cd

37 pl./m2 65.87 ± 14.23 c 22.4 ± 5.69 e 23.52 ± 4.40 bc 35.7 de

44 pl./m2 71.47 ± 13.15 b 20.1 ± 3.72 e 24.73 ± 3.76 ab 34.6 e

53 pl./m2 81.32 ± 11.79 a 20.8 ± 3.58 e 26.75 ± 2.60 a 32.9 f

LSD 9.74 3.25 3.14 4.58
Different letters in columns indicate statistically significant differences according to the LSD test at a 95% confi-
dence level (plants/m2).

Our study of photosynthesis shows that, typically independent of the temperature
during the measurements, the highest values were observed in plants with low densities.
Additionally, it can be observed that the values recorded for density of 37 pl./m2, 44 pl./m2,
and 53 pl./m2 are small differences, regardless of the temperature (Table 3).

Table 3. Analysis of photosynthesis variation depending on temperature and P. maculatum density.

P. maculatum
Density

Photosynthetic Rate (µmol/m2/s)

8 ◦C 10 ◦C 15 ◦C 20 ◦C 25 ◦C 30 ◦C

4 pl./m2 8.2 ± 0.75 b 14.3 ± 1.57 a 25.4 ± 3.22 a 38.4 ± 4.25 ab 55.4 ± 6.11 ab 60.2 ± 6.55 ab

10 pl./m2 9.5 ± 0.99 a 14.3 ± 1.68 a 24.8 ± 3.01 a 40.11 ± 4.53 a 57.8 ± 6.22 a 64.5 ± 6.98 a

14 pl./m2 7.8 ± 0.82 bc 12.5 ± 1.32 b 22.6 ± 2.17 b 36.8 ± 3.98 b 53.12 ± 6.01 bc 60.8 ± 6.25 ab

18 pl./m2 7.4 ± 0.65 cd 10.6 ± 1.11 b 20.5 ± 2.55 c 35.9 ± 3.88 bc 50.1 ± 5.58 cd 58.4 ± 6.11 abc

22 pl./m2 7.1 ± 0.69 de 9.5 ± 1.01 c 19.3 ± 2.26 d 34.0 ± 3.75 cd 51.4 ± 5.47 bcd 56.3 ± 5.89 bcd

25 pl./m2 6.9 ± 0.78 e 9.3 ± 1.03 c 17.5 ± 1.98 e 32.4 ± 3.33 de 49.9 ± 5.59 cd 55.4 ± 5.63 bcd

32 pl./m2 6.4 ± 0.72 f 8.7 ± 0.78 cde 16.8 ± 1.83 ef 30.5 ± 3.52 ef 47.4 ± 4.99 de 53.2 ± 5.78 cd
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Table 3. Cont.

P. maculatum
Density

Photosynthetic Rate (µmol/m2/s)

8 ◦C 10 ◦C 15 ◦C 20 ◦C 25 ◦C 30 ◦C

37 pl./m2 6.2 ± 0.72 f 8.5 ± 0.88 de 16.3 ± 2.01 f 30.4 ± 3.01 ef 47.4 ± 4.01 de 52.8 ± 5.69 cd

44 pl./m2 5.7 ± 0.56 g 8.5 ± 0.78 de 16.1 ± 1.69 f 29.3 ± 3.15 f 45.2 ± 4.02 e 52.4 ± 5.63 cd

53 pl./m2 5.5 ± 0.61 g 8.2 ± 0.87 e 15.9 ± 1.89 f 28.7 ± 3.33 f 45.2 ± 4.36 e 52.1 ± 5.21 d

Average 7.07 10.44 19.52 33.651 50.292 56.61

Absolut range 4 6.1 9.5 11.41 12.6 12.4

Relative range
(%) 56.58 58.43 48.67 33.91 25.05 21.90

LSD 0.489 0.861 1.163 2.59 4.55 6.21

Different letters in columns indicate statistically significant post hoc differences according to the LSD test at a 95%
confidence level.

Concerning the changes in photosynthesis values, this is influenced by temperature,
independent of density, and the rate of photosynthesis rises with temperature (Figure 4).
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Figure 4. The values of photosynthesis rates, depending on temperature.

The highest percentage differences, influenced by temperature, occur at low tem-
peratures (8 ◦C, 10 ◦C, and 15 ◦C), and as the temperature rises, the relative amplitude
diminishes. Therefore, at 5 ◦C and 10 ◦C, relative amplitudes exceeding 55% were calcu-
lated, while at 25 ◦C and 30 ◦C, this index decreases to 25 and 21%, respectively. In other
words, at low temperatures, plants with low densities exhibit photosynthetic activity that
is over 50% higher than that of high densities, whereas this ratio generally diminishes with
increasing temperatures (Figure 5).

3.3. Multivariate Analysis of the Results

Concerning the correlation analysis between the examined traits, the coefficient values
differ with plant density (Table 4). Thus, in the case of the correlation between the average
plant height and the number of leaves/plants, the highest values were calculated for
low densities, with the value of the correlation coefficient decreasing with increasing
density. At higher densities, the correlation between the two traits decreases. At low
density, the correlation is weak. The same situation can be seen between plant height and
photosynthesis. The photosynthetic rate has smaller values at higher densities, comparative
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with the one from low densities. Concerning the number of leaves and inflorescence length,
the correlation values increase at high densities compared with those of low densities. In
relation to photosynthesis, the correlation coefficients between the rate of photosynthesis
and the number of leaves are higher at high densities compared to those at low densities.
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Figure 5. Variations in the relative amplitude for the recorded photosynthesis values depending on
temperature (%).

Table 4. The Pearson correlation coefficients between the studied characteristics according to density.

P. maculatum
Density

Plant Height
/Number of

Leaves

Plant Height
/Inflorescence

Length

Plant Height
/Photosynthesis

Number of
Leaves

/Inflorescence
Length

Number of
Leaves

/Photosynthesis

4 pl./m2 0.895 0.456 0.536 0.389 0.489

10 pl./m2 0.823 0.411 0.489 0.311 0.412

14 pl./m2 0.821 0.501 0.423 0.412 0.589

18 pl./m2 0.801 0.555 0.501 0.444 0.569

22 pl./m2 0.715 0.532 0.555 0.521 0.701

25 pl./m2 0.722 0.612 0.615 0.623 0.632

32 pl./m2 0.714 0.653 0.798 0.628 0.698

37 pl./m2 0.622 0.701 0.802 0.659 0.701

44 pl./m2 0.621 0.695 0.744 0.689 0.789

53 pl./m2 0.543 0.753 0.752 0.683 0.756

A stronger correlation between plant density and plant height was identified. There-
fore, as the plant density increases, the tendency of plants to grow taller also rises. The
correlation value between the number of leaves and plant density is high, yet negative
(Figure 6). Thus, plants at high densities produce fewer leaves. A similar situation can be
observed in the correlation between plant density and inflorescence length, as well as the
photosynthesis rate, with the values remaining low because of mutual shading.
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Figure 6. Correlation between plant density and other studied characteristics.

Concerning the principal components analysis, the initial two components account
for 96.966% of the total variance, with the first component at 92.371% and the second
component at 4.595% (Table 5).

Table 5. Total variance explained by the five components.

Component
Initial Eigenvalues

Total % of Variance Cumulative %

1 4.619 92.371 92.371

2 0.230 4.595 96.966

3 0.087 1.740 98.706

4 0.033 0.653 99.359

5 0.032 0.641 100.000

The parameters associated with the first component included the number of leaves
per plant, the inflorescence height-to-total plant height ratio, and the photosynthesis rate,
whereas the factor that achieved a high value for the second component was the photo-
synthesis rate. The initial component is characterized by plants’ capacity to produce both
sizable leaves and extended inflorescence concurrently, while the second component is the
plant’s capacity to generate many leaves that efficiently perform photosynthesis.

The PCA facilitated the distinction of four groups located along the axes of the two
components (Figure 7). The variants featuring both positive components were the ones
from low density (4 and 10 pl./m2), while the variants with both negative components
came from high density (44 and 53 pl./m2). It is evident that one component relates to
a plant’s ability to effectively produce inflorescence and an increased number of leaves
that contribute to a high rate of photosynthesis, while a second component pertains to the
plant’s ability to adjust to greater densities by decreasing height and inflorescence length.

After conducting PCA, four clusters were recognized. The initial cluster consists of
plants at densities of 4, 10, and 14 pl./m2. This group includes plants with low densities
and elevated photosynthetic rate values. The second cluster includes plants with densities
of 18, 22, and 25 pl./m2, characterized by medium densities and moderate photosynthetic
rate values. The third cluster includes plants at the greatest densities experiencing shading,
resulting in a low rate of photosynthesis.

The maximum distance was determined between the densities of 4 and 53 pl./m2. A
greater similarity was found between clusters 2 and 3, while cluster 1 showed the least
connection (Figure 8).
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Figure 7. Principal component analysis of P. maculatum population densities and their morpho-
physiological characteristics.

Figure 8. Dendrogram constructed on the basis of distances estimated using the rate of photosynthesis
recorded at different temperatures.

4. Discussion
P. maculatum is a species characteristic of pasture- and meadow-type phytocoenoses in

the forest–steppe zone, with phytocoenotic variability related to the plant associations in
which it is found. In the studied areas, this species occurs in different associations, but the
population density varies significantly, reflecting not only local environmental conditions
but also other causes. In this study, the population density of P. maculatum in the two
areas ranges between 4 plants/m2 and 53 plants/m2, with variable heights and numbers of
leaves. In addition, the inflorescences are of a medium size, and the number of leaves is
reduced. This morphological variability is probably influenced by ecological factors and
is determined by an expression of plant adaptation to the environment, which causes the
significant differences in the mentioned characters. We can assume that the species has



Sustainability 2025, 17, 9558 16 of 19

efficient photosynthetic adaptations for moderate environmental conditions and tolerance
to temperature and precipitation variations.

Other studies have shown that P. maculatum faces significant challenges due to climate
change and human activities. Populations have declined due to agricultural expansion
and climate variability [41]. This study reveals that the density of P. maculatum differs
significantly, but the variability of characters was not directly correlated with the spatial
density of individuals, suggesting complex ecological interactions, similar to those reported
for other species [42]. These morphological differences reflect adaptation to the environment
in the two areas analyzed. Previous studies on P. maculatum in Romania have highlighted
a considerable impact caused by various anthropogenic factors, especially overgrazing,
which has led to a significant reduction in the size and number of populations throughout
the country [13]. In addition, due to global warming, the average annual temperature
in this geographical area has increased, while precipitation levels have decreased, which
has led to aggravation of drought conditions [43]. These changes influence the vegetative
development and reproductive efficiency of various plant species, including P. maculatum.
Fluctuations in temperature and humidity disrupt plant growth cycles and reproductive
phases [1]. Frequent assessments of climate impacts on local ecosystems can support
effective adaptation of conservation strategies [13]. Extreme heat events can negatively
impact plant physiological processes, potentially reducing reproductive success and overall
viability [44].

The increased frequency of extreme weather events, such as floods and storms, can
disrupt local ecosystems [45], further jeopardizing the stability of P. maculatum populations.
Overgrazing and agricultural expansion, together with climate stress, further affect the
habitats where P. maculatum thrives. The abandonment of traditional grazing methods also
affects the ecological balance essential for its survival [12].

The vegetation in the area of the Iron Gates Natural Park includes forests, shrubs,
meadows, and ruderal formations, and their dispersion depends on the oro-pedo-climatic
particularities of the substrate. This study highlights the morphological variability of P.
maculatum and provides data on its ecology and potential for spread within plant com-
munities, the level of vitality, viability, and the ability of individuals to fructify from each
phytocoenosis. This variability is influenced by ecological factors, propagation methods,
and conservation efforts. P. maculatum is suffering considerably from climate change due to
higher temperatures, decreased rainfall, habitat destruction, and extreme weather events.
Managing these challenges is crucial for the species’ conservation.

Also, the identification of invasive species causes a reduction in phytocoenotic di-
versity and the elimination of valuable local species, including rare or protected ones.
Consequently, the long-term maintenance of P. maculatum is influenced by the sustain-
able management of grassland habitats and the monitoring of invasive species. These
conclusions are in line with those reported by [13].

Population viability analysis is used as a method in the study of plant population
dynamics and management for their conservation [46]. The assessment of population
size is essential to not only guarantee the survival of viable communities in sites where
they are already few but also to support large populations in areas where species are
well represented and well developed [47,48]. The objective should be to ensure minimum
viability or to maintain large populations in their regions of optimal development. Although
in some situations it may be argued that a population’s viability requires a larger number
of individuals than assessed, the population may still be viable, and the goal should not be
to create populations larger than the minimum appropriate. In general, populations with
fewer than 50 individuals should be carefully considered to determine whether appropriate
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management could increase the population size. When necessary, population consolidation
can be achieved, with an ideal stocking density based on local conditions.

The variable number of P. maculatum individuals in different plant communities is
largely influenced by environmental and anthropogenic factors. The last group can damage
ecosystems, and population size can decrease or even disappear [49].

5. Conclusions
P. maculatum benefits from legal protection under the National Law on Biological Di-

versity and is listed in Annex II of Council Directive 92/43/EEC (Habitats Directive), with
the associated IUCN national category VU (vulnerable), and, therefore, requires consider-
able attention for conservation. Compared to other countries in the Balkan Peninsula, a
larger number of populations are found in Romania, the number of individuals being quite
significant, the populations being found in both the continental and alpine biogeographic
regions, this being due to favorable eco-pedo-climatic and cenotic factors

From a coenotic point of view, this species is of major importance in the creation
of phytocoenoses of plant communities in Ponto-Sarmatian and sub-Pannonic steppe
meadows and Pannonic or dry meadows on calcareous substrate.

The analyzed P. maculatum densities belonged to the four mentioned plant commu-
nities, indicating the phytocenotic variability of this species in close connection with the
environmental factors and biological diversity in the studied area. The number of indi-
viduals varied between 4 and 53 per population, and most of them were well grown due
to the characteristic xero-mesophilic and subthermophilic ecological conditions, which
support optimal development. The evolution of the individuals was satisfactory or excel-
lent, depending on the nature and intensity of anthropogenic factors, the variability of the
constantly changing seasonal conditions, and the impact of invasive or undesirable species.
For the optimal development of the populations, it is recommended that unwanted species
with anthropophilic characteristics be eliminated, that these meadows be mowed to ensure
a beneficial conservation state for both the habitat and the P. maculatum species, and that
the conservation measures be implemented correctly (according to pastoral arrangements
and norms).

The variability of the P. maculatum species in the Iron Gates Natural Park is due to a
complex interaction between ecological factors, human impact, and conservation measures.
Continued research and effective management methods are essential for the conservation
of this species and its habitats, which are increasingly threatened by climate change and
anthropogenic pressure. Addressing these challenges through dedicated conservation
initiatives is crucial for the future of this species.
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