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Abstract: To complete the wide range of studies on chemical composition and pharmacological potential of
the fruit of Ribes nigrum and Ribes rubrum, this work aimed to perform a comparative morpho-anatomical
characterization of the fruits of both species and complete previously records of black currant as frequently
studied species. Microslides of fruits were made with rotation microtome, and then cross sections were
stained with toluidine blue. Documentation and evaluation were carried out in microphotos. In R. rubrum,
the epidermis cells are ovoid to round, while those of R. nigrum are rectangular to almost round. Under the
epidermis, in both fruits, there are two layers of oval hypodermal cells. Underneath the hypodermal layers,
parenchyma cells of different size with thin walls and scattered collateral closed bundles were detected. The
seeds are embedded in a gelatinous sheath having large thin-walled cells. Endocarp separates the arillar
tissue from parenchyma cells, in addition, a gap can be found among these layers, endocarp, arillar tissue,
and seeds. The seed coat consists of sclerenchyma cells in both species. In conclusion, histological
differences and similarities were described in the fruits of the selected Ribes species, highlighted the first
morpho-anatomical description of the berry of Ribes rubrum.

Keywords: Ribes nigrum, Ribes rubrum, fruit, microscopic examination.

1. Introduction

Grossulariaceae family is composed of
approximately 195 species (The Plant List,
2018). According to Plant Database (USDA,
2018) there are 65 species of Ribes genus
including native and introduced plants in the
USA. In Europe 16 Ribes species are known
(Marhold, 2011; EU-NOMEN) involving 8
taxa in Romania namely R. uva-crispa L., R.
nigrum L., R. alpinum L., R. aureum Pursh, R.
sanguineum Pursh, R. petraeum Wulfen in
Jacg., R. spicatum Robson, and R. rubrum L.

(Ciocarlan, 2000). Ribes nigrum (black currant)
is a perennial shrub which grows in bushy
places, groves (Ciocarlan, 2000). It is also
widely cultivated for berry production. The
species has a wide variety of secondary
metabolites. Leaves contain lignoids (Sasaki et
al. 2013), glycosides of quercetin and
kaempferol as major phenolics (Liu et al.,
2014), accompanied by significant amounts of
salicylic acid, p-coumaric acid, caffeic and
gallic acids (Nour et al., 2014). Mineral and
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trace elements also were measured in the leaves
of different cultivars of the plant (Nour et al.,
2014). Fruits contain phenolics: they are
especially rich in anthocyanins, e.g. glycosides
of delphinidin and cyanidin (Gavrilova et al.
2011). The level of anthocyanins varies
depending on the season, degree of maturity,
environmental conditions, type of cultivation,
and genetic characters (Milivojevic et al., 2012;
Zheng et al., 2012; Vagiri et al., 2013; Mikulic-
Petkovsek et al., 2015). Among organic acids,
citric, fumaric and malic acids are dominant
(Mikulic-Petkovsek et al., 2012; Woznicki et
al., 2017). The fruits are rich in vitamin C
(Hakkinen et al. 1999).

Ribes rubrum (red currant) is cultivated in
Romania, which is not the member of the
spontaneous flora (Ciocarlan, 2000). In the
literature it is known under synonymies R.
vulgare Lam. and R. sylvestre Mert. et Koch
(Ciocarlan, 2000; Marhold, 2011; EU-
NOMEN). In phytochemical aspect,
anthocyanin content — mostly glycosides of
cyanidin (Gavrilova et al., 2011; Mikulic-
Petkovsek et al., 2015) — is about 10% in the
fruit compared to that of black currant
(Gavrilova et al., 2011; Mikulic-Petkovsek et
al., 2015). Among flavonoids, glycosides of
quercetin, myricetin and kaempferol (Mikulic-
Petkovsek et al. 2015), as well as citric,
fumaric and malic acids were detected in the
plant in similar, but shikimic acid in 13 times
higher quantity compared to the fruit of black
currant (Mikulic-Petkovsek et al. 2012).

In the fruit of both species, fructose and
glucose are predominant among sugars
(Mikulic-Petkovsek et al., 2012; Woznicki et
al., 2017). The seed oil is rich in tocopherol,
unsaturated fatty acids, linoleic, a-linolenic,
and y-linolenic acids (Traitler et al., 1984;
Goffman and Galetti, 2001; Leskinen et al.,
2009; Vuorinen et al., 2016).

In pharmacological aspect, currants were
studied for the effect in dietary management of

various diseases (Zagoni, 2005; Zduni¢ et al.,
2016). Polyphenolic substances of the fruit and
leaf were earlier examined for the anti-
inflammatory, antioxidant, antifungal, and
anticancer effect (Knekt et al., 1997; Savikin et
al., 2009; Bishayee et al., 2010; Slavin and
Lloyd, 2012). The polyphenolic composition of
the fruit and the leaf of black currant plays a
role in the structure of biological and lipid
membranes, highlighted flavonols in the leaf,
and anthocyanins in the fruit as dominant
antioxidant compounds. The studied extracts
protected the membranes against the oxidation
and modified the properties of the hydrophilic
regions of the membranes (Cyboran et al.
2014). The fruits of black and red currant were
tested in vitro for potential management of type
2 diabetes and hypertension resulted high a-
glucosidase, a-amylase and ACE inhibitor
activities in red currant (Da Silva Pinto et al.,
2010).

Despite the described phytochemical and
pharmacological potential of the selected
species, there are few studies on the morpho-
anatomical description of the fruits as
medicinally used parts in Ribes species
(Wronska-Pilarek, 2001; Wronska-Pilarek,
2002; Kendir et al., 2015). In an earlier report
arrilar tissue was observed in several species of
the genus. Among them, arils cover the seeds in
the slightly fleshy pericarps in R. nigrum,
which is absent in R. rubrum (Corner, 1976).

In the last two decades, only one
histological report was published on the fruit of
black currant (Glidewell et al., 1999), and
according to our best knowledge no other
recent study is available concerning the
histology of red currant. Thus, this work aimed
to perform a comparative histological
characterization of the fruit of R. nigrum and R.
rubrum collected in Romania.
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2. Materials and Methods

2.1 Plant material

Fruits of R. nigrum and R. rubrum (10
pieces of each species) were harvested at full
maturity from a local farmer’s garden in July
and August 2016 (Cornesti, Mures County,
Romania). Collected samples were frozen and
stored at -20°C until analyses.

2.2 Morphological and anatomical study

For microscopic examination, whole fruits
were preserved in the mixture of ethanol :
glycerine : distilled water (1:1:1). Fruits were
dehydrated in 50%, 70% and 96% ethanol
(Békeési-Kallenberger et al. 2016), then they
were embedded in Technovit® 7100 resin
(Realtrade Ltd., Hungary). 15 um thick cross-
sections were obtained with a rotary microtome
(Anglia Scientific 0325) (Papp et al., 2013).
The slides were dried at 50°C for 2 hours,
stained in toluidine blue (0.02%) for 5 min, and
soaked twice in 96% ethanol (3 min each),
isopropanol (4 min), and twice in xylol (3 and
4 min). Sections were studied with a NIKON
Eclipse 80i microscope and micrographs were
taken with SPOT Basic 4.0 image analysis
system.

3. Results and discussions

3.1 Histological features of the fruit of
Ribes nigrum

In the fruit of R. nigrum, the epidermis is
formed of rectangular to almost round shape
cells covered by -cuticle layer. Under the
epidermis (epicarp), two layers of oval
hypodermal cells can be found (Fig. 1 A,B).
Under the hypodermal layers the mesocarp
parenchyma is composed of different size of
thin-walled cells and scattered vascular bundles
(Fig. 1 A,C). The collateral closed vascular
bundles consists of xylem and phloem that are
surrounded by sclerenchyma (Fig. 1 D). Seeds
are embedded in a gelatinous sheath which is
constructed from large thin-walled cells (Fig. 2

A,B,C), accordingly to a previous study
(Glidewell et al. 1999). The arillar tissue is
separated from the endocarp by a space (Fig. 2
B). The seed coat (testa) consists of
sclerenchyma cells (Fig. 2 D).

3.2 Histological features of the fruit of
Ribes rubrum

In R. rubrum, the epidermis of the fruit is
formed from more ovoid to round cells than
those of R. nigrum. The double-layered
hypodermis contains horizontally thick-walled
and elongated cells (Fig. 3 A, 3 D).
Parenchyma is composed of thin-walled cells in
various sizes. The scattered collateral closed
vascular bundles (Fig. 3 A) have only xylem
and phloem elements (Fig. 3 B). Endocarp
separates the arillar tissue from parenchyma
cells; between arillar tissue and seeds a gap was
observed (Fig. 3 C). Similar to black currant,
seeds are embedded in a gelatinous sheath (Fig.
3 C, Fig. 4 A) consisting of large cells with
slightly sinuous cell walls (Fig. 4 C). The seed
coat includes sclerenchyma cells (Fig. 4 B),
while the storage ground tissue consists of
thick-walled cells in the seed (Fig. 4 D).

Under histological aspect, the stem of
some Ribes species were described in wood
anatomical atlases (Metcalfe and Chalk, 1957,
Schweingruber et al. 2011), e.g. a diffuse-
porous xylem in Ribes nigrum (Schweingruber
et al. 2011). In another work, the whole fruit of
Ribes nigrum was analysed in different
developmental stages (Glidewell et al. 1999).
Morphological and histological characters of
the seed were reported for native species like R.
uva-crispa, R. alpinum, R. petraeum, and R.
spicatum in Poland (Wronska-Pilarek, 2001;
Wronska-Pilarek, 2002), as well as a surface
analysis by scanning microscope on the fruit,
seed and pollen of R. biebersteinii Berl. ex.
DC, R. uva-crispa, R. alpinum, R. orientale
Desf., R. multiflorum Kit. ex Romer &Schultes,
and R. anatolica Behget which are native to
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Turkey (Kendir et al., 2015), without detailed
histological description of all parts of the fruits.
Based on these studies, our work describes the
histological features of the whole fruit of Ribes
nigrum and R. rubrum including the seeds from
the collected samples from Romania. In this
work the fruit of red currant is described in all
details here for the first time. Similarities and
differences were observed in microscopic
preparations of the fruit of both currant species.
Among similar features, a thin layer of cuticle,
lack of stomata, two layers of hypodermal cells
(Fig. 1 B, 2 A), scattered collateral closed
bundles (Fig. 1 D, 3 B), and arillar tissue (Fig.
2 B) can be mentioned. The seed coats of both

Fig. 1. Histological features of the fruit of Ribes nigrum. A-B) fruit wall; C) seed embedded in
gelatinous sheath; D) collateral closed vascular bundle; e: epicarp (epidermis), ec: endocarp,
ch: collenchymatic hypodermis, gs: gelatinous sheath, m: mesocarp, xy: xylem, ph: phloem,

sc: sclerenchyma, sd: seed, vb: vascular bundle

species consist of sclerenchyma cells
surrounded by a gelatinous sheath (Fig. 1 C, 2
C) which is in accordance with earlier literature
data (Glidewell et al. 1999). This sheath, also
called sarcotesta, is different in thickness in
Ribes species. Sometimes it is equal to the
width of the seeds (Wronska-Pilarek, 2001),
but it is less than half of those in R. nigrum and
R. rubrum described in this study. In both
fruits, major part of the pericarp and the
placental region is occupied by medium and
large parenchyma cells (Fig. 1 A,C and Fig. 3
A,C,D), as it was previously described in black
currant (Glidewell et al. 1999).

—
100pm




ABMJ 2019, 2(2): 5-14

‘ : D

Fig. 2. Histological features of the seed of Ribes ni

D) testa; ar: aril, eb: the place of embryo (tissue is missing), ec: endocarp, es: endosperm,
gs: gelatinous sheath, pc: parenchyma cells, sc: sclerenchyma cells, sd: seed

Fig. 3. Histological features of the fruit of Ribes rubrum. A) pericarp; B) vascular bundle; C) seed
embedded in gelatinous sheath; D) pericarp; e: epicarp (epidermis), ec: endocarp,
ch: collenchymatic hypodermis, gs: gelatinous sheath, m: mesocarp, xy: xylem, ph: phloem,
sd: seed, vb: vascular bundle



Eszter Laczk6-Z6ld et al.

As differences, various shapes of
epidermis cells (Fig. 1 B, 3 A) and different
intensity of dyeing of parenchymal cells were
observed: stronger coloration of the pericarp
and placenta refer to a higher polysaccharide
content in black currant compared to red
currant (Fig. 1 A, 3 AC). Contrary to
gooseberry’s fruit (Williamson et al., 1993), the
gelatinous sheath around the seeds is not
single-layered, but multi-layered up to six cell
layers in the studied species (Fig. 1 C, 4 A). In
the endosperm, fatty oil drops were detected in
R. nigrum (Fig. 2 D), which does not appear in
R. rubrum (Fig. 4 D). This is in accordance
with earlier findings using Sudan 1V:

coloration was found only in the external layer
of the endosperm in red currant (Wronska-
Pilarek 2001).

Generally, in berries (Giongo et al. 2013),
as in other fruits such as tomato (Saladie et al.
2007), the texture of the fruit is related to the
cell wall structure and to change in ripening
phases (Giongo et al. 2013). The structure of
the pericarp has a great influence on the storage
ability of the ripe fruit and the postharvest
management. As expected, epidermal cells in
the berry of black and red currant are covered
by cuticle which can explain the relative long
maintenance of their freshness.

g =
B SC e
w PLN

4;;@ \‘.‘\’l; R,

Y

B) seed; C) gelatinous sheath; D) endosperm; eb: the place of embryo (tissue is missing),
gs: gelatinous sheath, sc: sclerenchyma cells, sd: seed
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Conclusions

The histological determination of the
fruit of Ribes nigrum and R. rubrum complete
the reported data of the species. In the fruits
of the selected Ribes species differences and
similarities are described, which highlight the
first morpho-anatomic study of the fruit of
Ribes rubrum. The observed features play an
important role in the characterisation, which
will be useful providing a reliable basis for
identification of the fruits.
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Abstract: This paper presents the obtained results on the chorology and conservation status of the
lycopod species identified in Mures County. It also represents a basis for further studies on
monitoring, and establishes conservation measures for these species that are of community interest,
included in the IUCN category LC (least concern). During the study, five lycopod species out of the
seven listed in Romania were identified. The species are wide spread, occurring in groups that
extend over relatively large areas. The conservation status is predominantly good and very good.
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1. Introduction

The Lycopodiaceae family is an ancient,
cosmopolitan family of over 400 species
(Dllgaard and Windisch, 2014).

Lycopodiaceae are composed of three
genera: Huperzia, Lycopodiella and
Lycopodium, which differ in characters of
branching patterns, the presence or absence of
modified leaves, spore morphology,
gametophyte shape, and chromosome number.
Many lycopods have underground
gametophytes that make an obligatory
association with fungi (Merckx et al., 2012).

In Europe, 14 species of Lycopodiaceae
are encountered, of which 3 are endemic
(Garcia Criado et al., 2017). In Romania, the

family Lycopodiaceae comprises 7 species
(Sarbu et al., 2013). They are widespread from
the mountain area to the alpine area, in the
alpine bioregion. They prefer the shady forests,
the peat bogs, and the edge of the shady hills,
the rocks, and the grassy places at the top of the
mountains (Mihailescu et al., 2015).

Despite the fact that they are widespread,
in Europe all species of the genus Lycopodium
have shown a general decline in abundance and
have therefore been included in Annex V of the
Habitats Directive 92/43/CEE, and 5A Annex
of Romanian Government Ordinance 57/2007.
Lycopodium clavatum in particular, is also
included in Annex D of the Council Regulation
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(EC) No 338/97 on the protection of species of
wild fauna and flora by regulation their trade.
Therefore, it is necessary to establish
conservation ~ measures. Knowing  the
distribution and conservation status of the
lycopod species will be vital in establishing
these measures.

The present study contributes to the
knowledge of lycopod species distribution in
the area of Mures County and it gives us a base
for future research about population dynamics
and conservation trend.

2. Materials and Methods

Data from the literature as well as the field
observations during 2012-2019 were taken into
account for the study of the Lycopodiaceae
family in Mures County. Some of the locations
specified in the literature have been confirmed.

Also, numerous new locations  with
representative populations of the studied
species were recorded using the Global

Positioning System (GPS).

The method of transects was applied for
the field study. Transects were established on
the main river valleys that cross the territory:
Mures Gorge, Gurghiului Valley and Niraj
Valley, as well as their tributaries. Each point
where the studied species were encountered
was noted and their abundance was estimated.

The studied territory, represented by the
mountain area of Mures County (Calimani and
Gurghiului  Mountains), extends on a
vegetation belt, namely the mountain belt. The
vegetation studies from these areas highlight
the presence of the forests characteristic of this
sector, namely beech forests belonging to the
Carpino-Fagetea class and spruce forests of the
Vaccinio-Piceetea class  (Oroian, 1998,
Samarghitan 2005), which are typical habitats
for the development of lycopod species.

In order to establish the frequency at the
national level, and the biological and ecological
characteristics of the species, the works of

Ciocérlan (2009), Oprea (2005) and Sarbu et al.
(2013) were taken into account. For each
observation point, location data (GPS
coordinates), altitude, and abundance data were
recorded. In order to evaluate the abundance a
5-level scale was used. In this scale, we
considered the range of cover of aboveground
shoots/m2. The 5 levels are: D-dominant (80-
100%), A-abundant (60-80%), F-frequent (40-
60%), O-occasional (20-40%), and R-rare (1-
20%). Considering the altitudinal gradient 9
elevation levels were used: 1 (501-600 m), 2
(601-700 m), 3 (701-800 m), 4 (801-900 m), 5
(901-1000 m), 6 (1001-1100 m), 7 (1101-1200
m), 8 (1201-1300 m), and 9 (> 1300 m).

3. Results and discussions

In Mures County five out of the seven
lycopod species that grow in Romania were
identified. These are: Huperzia selago (L.)
Schrank et Martins (Lycopodium selago L.),
Lycopodium  alpinum L.,  Lycopodium
annotinum L., Lycopodium clavatum L., and
Lycopodium complanatum L (Fig. 1-3).

These species occur in the mountain area
of the county, mainly Calimani and Gurghiului
Mountains. They are widespread in their
characteristic habitats such as woods, and
mountain grasslands. Regarding the
distribution and frequency at the national level,
all 5 studied species are sporadic and none are
rare or occasional (Table 1.).

In the study area, 201 records of the five
species of lycopods were noted. The most
common  populations are those  with
Lycopodium annotinum, and Lycopodium
clavatum, which often occur together in the
studied territory the two species being
identified in several cases at the same locations.

The studied species were found in forests,
forest edges, shrubs and meadows. They have
clonal growth and are frequently distributed in
small groups but spread over a large area.
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Fig. 2. Lycopods in Mures County, Romnia: A. Lycopodium annotinum (Secuieu Valley);
B. Lycopodium complanatum (Rastolita) (Photos: Mihaela Samarghitan and Silvia Oroian)

¥ . g % _/ ) R0 oA AKY P SR > 2 .-7 2 & 7
Fig. 3. Lycopodium clavatum in Mures County, Romania: A. in Sovata Valley (Mures County,
Romania); B. in Stanceni (Photos: Mihaela Samarghitan and Silvia Oroian)

\

Huperzia selago (L.) Schrank et Martins (Fig. 4.). It is a characteristic species of the
(Lycopodium selago L.) is widespread in the  Vaccinio-Piceetea class Br.-Bl. in Br.-Bl. et al.
studied area, being recorded in 30 locations 1939 (Coldea, 2015), being identified in
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acidophilic spruce forests belonging to this
class as well as in Dacian beech forests of
Symphyto-Fagion. This species participates in
the composition of herbaceous synusia of the
associations Hieracio transsilvanici-Piceetum

Pawlowski et Br.-Bl. 1939 and Leucanthemo
waldsteinii - Fagetum (So6é 1964) Téuber 1987
sometimes with significant dominance values,
up to 20%.

Table 1. Lycopods identified in Mures County; their frequency and distribution on national level,

biological and ecological characteristics.

Species Frequency Distribution on Biological Ecological features
on the national level characteristics
national
level
Huperzia selago | Sporadic In the spruce forests Perennial, Ch, Moderate
belt, wet grassy 2n=90, 264, 272, P | acidophilous
places, forests, oligotrophic, meso-
bushes, peatlands hygrophilous,
scyophilous-helio-
scyophilous,
microthermal,
calciphilous
Lycopodium Sporadic In the spruce forests Perennial, Ch, Oligotrophic,
alpinum belt, grasslands, 2n=46-48-50, P mesophilous
shrubs
Lycopodium Sporadic In the beech and the Perennial, Ch, acidophilous,
annotinum spruce belt; in wet 2n=68, P oligotrophic,
places, marshes, mesophilous-meso-
hedges, forests, and hygrophilous, helio-
peatlands scyophilous -
scyophilous,
calcifuge
Lycopodium Sporadic From the oak to the Perennial, Ch, Acidofilous,
clavatum spruce forests belt in 2n=68, P oligotrophic, eury-
shrub land, grasslands, philous, helio-
forest fringes scyophilous -
scyophilous,
calcifuge
Lycopodium Sporadic In the beech and the Perennial, Ch, Oligotrophic,
complanatum spruce forests belt, in | 2n=46, P calcifuge
forests and shrubs

In the study area the highest abundance
and frequency values were recorded for the
species Lycopodium annotinum L. It was
identified in 109 locations, sometimes
dominant in the grass layer of acidophilic
spruce forests (Batrana Valley AD2, Lapusna
ADI, Sirodului Valley AD1). In the study area
it appeared most commonly in the coenoses of
plant associations Hieracio transsilvanici-
Piceetum Pawlowski et Br.-Bl. 1939 and

Sphagno girgensohnii-Piceetum Kuoch 1954. It
is also present in the composition of beech
forests included in  the  association
Leucanthemo waldsteinii-Fagetum (So6 1964)
Tauber 1987. Significant populations were also
encountered near the mountain forests of the
Vaccinio-Piceetea class; also entering in the
composition of habitat 6440. These coenoses
dominated by Deschampsia caespitosa are
distributed linearly along mountain valleys.
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The variety of habitats of community interest in
which this species is encountered (Table 2.) as
well as the high density of the above ground
shoots observed on large surfaces (a large
number of small areas) justifies the affirmation
that the species is well represented and frequent
in the studied territory.

Along with Lycopodium annotinum,
sometimes sharing the same area, Lycopodium
clavatum L. has also been identified. In the
study area the populations of L. clavatum were
distributed at altitudes between 563 and 1371
m asl (Scaunul Domnului Peak). The identified
populations are represented by vigorous
individuals, well developed on surfaces ranging

Ibanesti

SReGhin

Fig. 4. The distribution map of the studied lycopod species (Mures County, Romania):
selago, OLycopodium annotinum,  Lycopodium complanatum,

from a few square meters to dozen of square
meters. This species grows very well in the
forest cuts, and in the clearings. It was
encountered along the studied paths both in
forest habitats, spruce forests belonging to the
Vaccinio-Piceetea class and in pastures habitats
in fragmented micro-areas wide spread on large
areas (Table 2.).

Lycopodium alpinum L. and Lycopodium
complanatum L. were present in the studied
territory, but have a limited spread. These
species are included in the national red lists
under the category R (Rare) (Oltean et al.,
1994).

Soplita

Huperzia
Lycopodium clavatum, and

“cLycopodium alpinum
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Table 2. The Natura 2000 habitat types in which the studied lycopod species were identified
(Mures County, Romania)

Natura 2000 Habitat

Species

the alpine level (Vaccinio-Piceetea)

9410 Acidophilous Picea forests from the mountain to

Huperzia selago, Lycopodium annotinum,
Lycopodium clavatum, Lycopodium
complanatum

91V0 Dacian Beech forests (Symphyto-Fagion)

Huperzia selago, Lycopodium annotinum

6230* Species-rich Nardus grasslands, on silicious

Lycopodium alpinum, Lycopodium

substrates in mountain areas clavatum
6440 Alluvial meadows of river valleys of the Cnidion | Lycopodium annotinum, Lycopodium
dubii clavatum

6520 Mountain hay meadows

Lycopodium clavatum, Lycopodium
complanatum

Populations of Lycopodium alpinum were
identified in grasslands dominated by Nardus
stricta located at higher altitudes entering in the
floristic composition of the association Violo
declinatae-Nardetum  Simon  1966. The
populations occupied limited areas and were
represented by vigorous individuals.

The species Lycopodium complanatum was
rare in the site, and the population numbers are
decreasing. It was identified at the edge of
spruce forests but also in mountain meadows,
in coenoses belonging to the Festuco rubrae-
Agrostietum capillaris Horvat 1951
association.

Due to the clonal nature of lycopods, it
was difficult to estimate the abundance of
species in the study plots by estimating the
number of individuals on the surface.
Therefore, a 5-level abundance scale was used
in which the abundance of the aboveground
shoots/m? was assessed: D-dominant, A-
abundant, F-frequent, O-occasional, and R-rare.
Analyzing the recorded results, the most
abundant populations (60-100% abundance)
were identified at elevation level 1001-1300 m.
Huperzia selago and Lycopodium annotinum
were recorded with  abundant/dominant
populations also at altitudes between 801-1000
m asl. In the study area populations of
Lycopodium alpinum were identified at the
elevation level 1100-1300 m. They had the
highest abundance values at elevation level

1201-1300 m, where the species was also
dominant in the analyzed plots (up to 87.5%).
In the other plots, the species was occasionally
or rarely (below 17.5%).

Lycopodium annotinum had dominant and
abundant populations, especially at altitudes
between 1101-1300 m asl, but a significant
number of abundant or dominant populations
were found also at elevation level 801-1000 m.
Abundant populations of Lycopodium clavatum
were found between 900-1300 m asl. Only the
populations of Lycopodium complanatum
identified at 1001-1300 m asl had higher
abundance, at other points the species were
occasional or rare (Fig. 5-8).

The main threats to which Lycopodium
species are exposed are generally related to
human activities, infrastructure construction,
forest clearing, changes in land use, as well as
eutrophication and climate change. The
abandonment of traditional land use, especially
pasture, leads to the succession of vegetation,
in the mountain area leading to reforestation.
This results in the reduction of lycopod
populations in the meadows. Lycopods (eg
Lycopodium clavatum) are weak competitors
because they depend on light and are
disadvantaged compared to taller species.
Pollution and eutrophication have a negative
impact on lycopod species because they can
affect mycorrhizae, the symbiotic partners of
lycopods.
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Lycopodium alpinum
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Fig. 5. Variation of the abundance along the elevation gradient in case of Lycopodium alpinum
(Mures County, Romania): D-dominant, A- abundant, F- frequent, O-occasional, and R-rare;
Elevation levels: 1 (501-600 m), 2 (601-700 m), 3 (701-800 m), 4 (801-900 m), 5 (901-1000 m),
6 (1001-1100 m), 7 (1101-1200 m), 8 (1201-1300 m), and 9 (> 1300 m).
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Fig. 6. Variation of the abundance along the elevation gradient in case of Lycopodium annotinum

(Mures County, Romania): see abbreviations at Fig. 5.
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Lycopodium clavatum
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Fig. 7. Variation of the abundance along the elevation gradient in case of Lycopodium clavatum
(Mures County, Romania): see abbreviations at Fig. 5.
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Fig. 8. Variation of the abundance along the elevation gradient in case of Lycopodium complanatum
(Mures County, Romania): see abbreviations at Fig. 5.

Tourism and animal trampling are factors
that exert pressure on lycopods. However, the
potential for regeneration of these species is
high and therefore are not of high threat. The
use of some species in traditional medicine is

another threat, due to the irrational collections.
Thus, Huperzia selago contains narcotic action
principles. Selagoline, Huperzina A and
serratidine alkaloids were identified in the
species composition (Steerk et al., 2004).
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Fig. 9. Variation of the abundance along the elevation gradient in case of Huperzia selago (Mures
County, Romania): see abbreviations at Fig. 5.

Huperzine A is known to have neuronal
protection properties used to improve memory
and treatment behavior in Alzheimer’s disease
(Ma et al., 2007). Lycopodium clavatum is used
in homeopathy for treatments of aneurysms,
constipation, chronic lung and bronchial
disorders, and fevers. It also reduces gastric
inflammation, simplifies digestion and helps in
the treatment of chronic kidney disorders.
Lycopodium is used to treat various mental
conditions such as anxiety, forgetfulness, and
also relieves from tiredness and chronic fatigue
(Jhilik Banerjee et al., 2014). Extracts from
Lycopodium clavatum spores are used for the
treatment of urinary, digestive, epileptic,
pulmonary disorders, as well as rheumatism
(Hanif et al., 2015). These two species are the
most collected in the study area. The other
species of lycopods, are also collected and used
by locals as traditional remedies for different
diseases.

The state of conservation of the identified
populations is predominantly good and very
good in the studied territory. Only in a few
plots, where the anthropic pressure is higher,
the conservation status is bad and populations
are decreasing. The fact that the habitats in
which these species have been studied are in a
predominantly good state of conservation also
indicates that the long-term evolution of
species conservation state is stable.

The most important conservation measure
for lycopod species concerns the conservation
of their habitats. Because most of the
observation points are in protected areas, the
conservation measures provided for these areas
also have a positive impact on maintaining the
favorable conservation status of the species in
the studied territory. Further studies are also
required to establish and monitor the dynamics
of these populations
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Conclusions

In the studied area 5 species of community
interest belonging to the Lycopodiaceae family
were identified: Huperzia selago, Lycopodium
alpinum, L. annotinum, L. clavatum, and L.
complanatum.

The most widespread of the identified
species, are: Huperzia selago, Lycopodium
annotinum and L. clavatum.

We can appreciate that although at the
national level all species are sporadically
encountered, in the study area Huperzia selago,
Lycopodium annotinum, and L. clavatum can
be considered species with high frequency,
while L. alpinum and L. complanatum are rare.

All these species are of community interest
and belong to the ITUCN LC (Least concern)
category.
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Abstract: Leucojum vernum L. (Amaryllidaceae) is a bulbous geophyte from Central Europe known as
medicinal and ornamental plant. Native population of this species can be found in the Peres Forest (parcels
number 23-24) from Velyka Dobron Wildlife Reserve (Western Ukraine), monitored continuously since
2014. The aim of this study was the morphometric evaluation of the species and the chemistry analysis of the
soil in which the species grow. According to our results the length of leaf sheath was the most variable
parameter from the evaluated morphometric indicators (number of leaves, maximum leaf length and width,
bract length, leaf sheath length, scape length, and bulb diameter). Correlations were found between
maximum leaf length and scape length, but also between maximum leaf length and bract length. Soil
chemistry analysis showed that the chemical properties of the soil are favorable for the studied plants. The
soil pH was slightly acidic, the humus content and the supply of alkaline hydrolyzed nitrogen were high, and
the amount of soluble P,Os was moderate. Differences between the territories were found with respect to the
soil agrochemical parameters.

Keywords: Leucojum vernum L., morphometric analysis, agrochemical indices, population distribution,
Velyka Dobron Wildlife Reserve.

1. Introduction

According to recent molecular studies,
only two species belong to the genus Leucojum
(Amaryllidaceae): Leucojum vernum L. and
Leucojum aestivum L. (Fig. 1.) (Lledo et al.,
2004). Natural populations of both species can
be found in the Ukrainian Transcarpathian
region. The genus is also medically important
because of galanthamine content of the species.
Galanthamine is used for the treatment of
Alzheimer's disease (Scott and Goa, 2000). As
the alkaloid is obtained from natural sources,
there is a need for sustained production of the

active principle, together with sustained
cultivation of the species. The study conducted
by Demir (2014) on the use of galanthamine
from L. aestivum showed that the cost of
producing drugs used to treat Alzheimer's
disease is relatively high. Considering the
findings of Demir (2014) and also the climate
change (IPCC, 2014), it is important to know,
monitor and protect the natural populations of
L. vernum and L. aestivum, and to develop
sustainable cultivation of both species, where it

IS necessary. It is known that plant populations
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respond slowly to changes in the environment,
primarily through morphological,
physiological, and biochemical responses. The
detection of morphological variability within
the population allows the identification of
species characteristics (which have also
taxonomic significance) and makes possible the
record of adaptive characters (Kpuudamymmii
and Komennap, 1990).

The object of this study is L. vernum
(Spring snowflake), a bulbous geophyte from
Central Europe. Its natural habitats are present
in the following provinces (regions): Lviv,

i Ly s K - P e

Fig. 1. Leucojum vernum L. and Leucojum aestivum L. from Velyk Dobron Wildlife

\

Zakarpatska, lvano-Frankivsk and Chernivtsi.
In Zakarpatska it can be found from the plain
region to the upper forest zone, between
elevations of 100-1400 m above sea level (asl).
In the IUCN Red List of Threatened Species it
appears in the Least Concern (LC) category,
while in the Ukrainian Red Book is listed in the
Data Deficient (DD) category. The study of L.
vernum population in Velyka Dobron Wildlife
Reserve started in 2014. Currently, 30

distribution areas are known in the Zakarpatska
(Transcarpathian) region (Fig. 2.).

R < N ¥ e 1,8

Reserve (Western

Ukraine) (Photos: Erzsébet Kohut)

Legend
e other distribution

# Peres Forest

10 0 10 20 30 40 SO0km

e e e

Fig. 2. The distribution of Leucojum vernum L. in the Zakarpatska (Transcarpathian) region
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2. Materials and Methods

2.1 Studied population

The studied L. vernum population is
located at 10 km distance from the Chop-
Zéhony border crossing, in a deciduous
floodplain  forest with hardwood species
(Fraximus excelsior, Quercus robur, Acer
platanoides, Populus alba, Populus nigra,
Ulmus laevis), on the right bank of the river

Latorica. The three separate territories
(were the plants are present) are covering
together an area of 238741 m? (Fig. 3.).

The studied territories along the River
Latorica are regularly flooded, and in some
years the soil is covered by water for several
months, due to the low elevation (110-137 m
asl). The density of the species is 75-79
individuals / m? (Kohut et al., 2017).

2.2 Morphometric analysis

The morphometric data were collected in
2017. In the generative stage of the plants, from
each of the 30 quadrates (sampling points), 10
randomly selected individuals were measured
(a total of 300 individuals). The following
parameters were analyzed: number of leaves
(NL), maximum leaf length (MaxLL) and
width (MaxLW), bract length (BL), leaf sheath

Legend

[T Peres

~— Dike

- Latorica
Territory 1
Territory 2
Territory 3

0 200400 800 1200 1600
. —— —

Fig. 3. Leucojum vernum L. population in the Peres Forest from Velyka Dobron Wildlife Reserve
(Western Ukraine) (Kohut et al., 2017)

OUR 3
,“ \ [ \a

length (LSHL), scape length (SL, from the
inferior part of the scape, to the bract), and bulb
diameter (BD). BD was measured in case of 60
individuals (2 plants / quadrates). Statistical
analysis of the obtained data was performed
using Microsoft Excel according to 31006in et
al. (2013).

Determination of the linear correlation
coefficient

The simple linear correlation coefficient
(r) is used to detect the stochastic relationships
(transition between two extremes - fully
functional and completely independent) and to
express the closeness between two probability
variables.

The value of the linear correlation
coefficient can vary between +1 and -1. The
positive values of the coefficient indicate a
clear relationship between the two variables,
while the negative values indicate the opposite
relationship. In the case of a function relation,
its value is +1 or -1, and if there is no
relationship between the two variables, its
value is 0. A correlation coefficient with a
smaller absolute value (near to 0), it means also
that between the studied parameters there is no
relationship (Fidy and Makara, 2005).

g
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Significance of the linear correlation
coefficient

The coefficient obtained from the
correlation analysis can also be considered as
an assumption that there is a relationship
between the two variables. Whether this
relationship to a specific number (r) is realistic
can also be determined by assumption testing.
Our null hypothesis in this case is that there is
no relationship between the two variables (r =
0). The rejection of the null hypothesis depends
on the magnitude of the coefficient (r) and the
degree of freedom (f) (Fidy and Makara, 2005).
Thus, knowing the number of pairs of data (n),
the absolute value (t) of the correlation
coefficient can be determined for given levels
of significance (reliability), above which the
null hypothesis can be rejected, ie. the
correlation coefficient (the true relationship
between the two variables) can be considered
realistic (Péczely, 1998). To test the
significance of r, a t-statistic of f = n-2 is used.
The formula for t-distribution statistics (Fidy
and Makara, 2005) is the following (1):

rvn-2

V1-r?

t=

oy

2.3 Soil sampling and chemical analysis

Samples were collected at a depth of 0-25
cm after removal of the leaf litter (Fig. 4.). The
and the

time of sampling, the number

coordinates (GPS) of the quadrates (sampling
points) were recorded.

In case of each soil sample the following
parameters were determined: pH value, the
content in humus, soluble phosphorus and
nitrogen. The measurements were carried out in
the Laboratory of Soil Science and
Agrochemistry of the Ferenc Réakoczi |l.
Transcarpathian Hungarian Institute.

F-tests and two-sample Student’s t-tests on
the soil data were carried out using Microsoft
Excel’s Analysis ToolPak. An acceptance level
of p = 0.05 was used in both cases.

Working protocols

The soil samples were dried at room
temperature. After grinding, the samples were
passed through a 2 mm sieve. The pH of the
soils was measured in aqueous and 1 mol / dm?®
KCI extract with a soil: solvent ratio of 1: 2.5
(ACTY ISO 10390:2007).

The soluble phosphorus content of the
soils was measured in 0.2 mol / dm® HCI
extract according to the Kirsanov method. The
soil: solvent ratio was of 1: 5. After shaking for
1 minute and resting for 15 minutes, the
suspension was filtered through a paper filter
and the filtrate analyzed (JACTY
4405:2005).

was

¥

Fig. 4. Soil sampling from the studied quadrates with Leucojum vernum L. in Peres Forest from
Velyka Dobron Wildlife Reserve (Western Ukraine) (Photos: Erzsébet Kohut)

4

29



ABMJ 2019, 2(2): 26-35

The Tyurin method was used to determine
the humus content. In properly prepared soil,
the humus is oxidized with potassium
dichromate in a highly sulfuric medium. The
remaining potassium dichromate is titrated with
Mohr's salt solution (ICTY 4289:2004).

The values determined during the tests
were compared with the accepted values in
Ukraine.

The pH value was measured on a WTW
Multi 9620 IDS instrument and the phosphorus
content was determined on a Libra S21
spectrophotometer.

The alkaline hydrolyzing nitrogen content
of the samples was determined from 1.0 mol /
dm® NaOH extract using the Kornfield method.
The soil: NaOH solution ratio was of 1. 2.5.

fopn

The samples were kept in a thermostat for 48
hours at 28° C with sodium hydroxide, and
then the ammonium absorbed with boric acid
was titrated with sulfuric acid (ACTY
4405:2005).

3. Results and discussions

3.1 Morphometric analysis

The The seeds of the harvested capsules
(Fig. 5.) were weighed on an analytical
balance. The weight of one thousand seeds was
equal with 16.19 g. The data used for the
morphogram (Fig. 6) are summarized in Table
1.

® &
v,
Q' "

Fig. 5. Capsules and seeds of Leucojum vernum L. from Peres Forest, Velyka Dobron Wildlife
Reserve (Western Ukraine) (Photo: Erzsébet Kohut)
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Fig. 6. The morphogram of Leucojum vernum L. collected from Peres Forest, Velyka Dobron
Wildlife Reserve (Western Ukraine): NL-number of leaves; MaxLL-maximum leaf length;
MaxLW-maximum leaf width; BL-bracts length; LSHL-Leaf sheath length; SL-scape length;
BD-bulb diameter
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The coefficient of variation (CV) ranged
from 12.5% to 36.3% (Fig. 6.). The most
variable parameter was the leaf sheath length
(CV = 36.3%, CV>26% - high), and the other
parameters were found to be less or moderately
variable (CV<15% - low, 16<CV<25% -
moderate). The least variable parameter was
the bulb diameter, with a CV of 12.5%. The
results obtained in this study, regarding the
morphometric parameters, were similar with
those published by Ljubinyec (JIroOunensn)
(2013) from Yavorivskyi National Park
(Ukrainian Roztocze). In their three years study
(2006, 2007 and 2011) the most variable
parameter was also the length of the leaf sheath
with a CV of 24.6%, 19.1% and 25.8%,
respectively.

3.2 Comparison of
parameters

Relationships between the 7 studied
morphometric parameters were analyzed. For
this, a linear correlation test was performed.
The examined 300 individuals were collected
from 30 quadrates (10 plants/quadrates). In the
sampling quadrates, the measured values of
each parameters were averaged, so for the

morphometric

comparison, 30 data pairs (n = 30) were
obtained for each parameter. The obtained
values of the coefficient (r) from the
correlation analysis are summarized in Table 2.
Our null hypothesis was that there is no real
relationship between two compared variables
(no morphometric parameter affects the other).
Confidence (significance) of the decision was
fixed at 5% (p = 0.05) acceptance level. Pairing
the indicators, a total of 21 cases were
examined. Of these, in 7 cases significant
correlations were found. The strongest
significant linear relationship was found
between MaxLL and BL (r = 0.765) and
MaxLL and SL (r = 0.908) (Fig. 7 and 8).

The coefficient of determination for
MaxLL and BL is R? = 0.585 (Fig. 7.) and for
MaxLL and SL it is R? = 0.824 (Fig. 8.). Thus,
58.5% of the total variation in the maximum
leaf length is due to the linear relationship with
the bract length, and 82.4% with the scape
length, while the remaining 41.5% and 17.6%
are other factors, for example random variation
Or measurement error.

Table 1. Statistical values of the examined morphometric parameters in case of Leucojum vernum
L. collected in Peres Forest, Velyka Dobron Wildlife Reserve (Western Ukraine)

Evaluated parameters x o SE x+SE CV (%)
NL 4.3 0.9 0.1 43+0.1 20.4
MaxLL (cm) 321 6.6 0.4 321404 20.6
MaxLW(cm) 15.4 3.4 0.2 15.4 £0.2 21.8
BL (cm) 38.6 5.6 0.3 38.6+0.3 14.6
LSHL (cm) 27.2 9.9 0.6 272+06 36.3
SL (cm) 24.3 5.6 0.3 24.3+£0.3 23.3
BL (cm) 20.3 2.5 0.3 20.3+£0.3 125

Note: NL-number of leaves; MaxLL-maximum leaf length; MaxLW-maximum leaf width; BL-bracts length;
LSHL-Leaf sheath length; SL-scape length; BD-bulb diameter
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Table 2. Statistical values of the examined morphometric parameters in case of Leucojum vernum
L. collected in Peres Forest, Velyka Dobron Wildlife Reserve (Western Ukraine)

Evaluated NL MaxLL MaxLW BL LSHL SL BD
parameters (cm) (cm) (cm) (cm) (cm) (cm)
NL 0.497 0.419 0.368 0.179 0.425 0.061
MaxLL (cm) 0.604 0.765 0.158 0.908 0.181
MaxLW (cm) 0.513 0.020 0.517 0.132
BL (cm) 0.044 0732 | 0.134
LSHL (cm) 0.067 0.007
SL (cm) 0.180
BD (cm)

Note: NL-number of leaves; MaxLL-maximum leaf length; MaxLW-maximum leaf width; BL-bracts length;
LSHL-Leaf sheath length; SL-scape length; BD-bulb diameter
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Fig. 7. Correlation between maximum leaf length (MaxLL) and bract length (BL) of Leucojum
vernum L. collected from Peres Forest, Velyka Dobron Wildlife Reserve (Western Ukraine)
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Fig. 8. Correlation between maximum leaf length (MaxLL) and scape length (SL) of Leucojum
vernum L. collected from Peres Forest, Velyka Dobron Wildlife Reserve (Western Ukraine)
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3.3. Soil chemical analysis

Initially, to analyze the chemical properties
of the soil samples we divided the samples into
two groups. The first group contained the
samples from Territory 1 (T1), while the
second group consisted of the samples of
Territory 2 and Territory 3 (T2+T3).

The reasoning behind this classification
was that T2 and T3 are spatially much closer to
the Latorica River, hence the soil of these two
territories might have different chemical
properties as a result of the enhanced influence
of the river. Moreover, the samples were taken
in an approximate equidistant fashion to ensure
a uniform sampling over the whole investigated
territory, which inherently led fewer samples
from T3 than T1 or T2 due to the smaller area
of T3. Thus, separate analysis and comparison
of the three regions would have provided much
less reliable statistical data.

The following agrochemical parameters
were measured on the two groups of samples:
the alkaline hydrolyzing nitrogen content, pH
with two methods, soluble P2Os content and the
humus content (Table 3).

After the evaluation of the measurements
the data were analyzed with two-sample

Student’s t-tests to determine if there are
significant differences between the sample
means of the two groups, with respect to the
agrochemical parameters. Beforehand, F-tests
were used to validate if the variance of the two
groups are equal regarding the different
parameters (acceptance level was p=0.05),
which is a prerequisite to carry out two-sample
Student’s t-tests. The results of the F-tests
showed that the variances are in fact the same
with respect to the measured properties so
Student’s t-tests were applied (Table 3). From
the results it can be seen, that there are
significant differences between the means in
four of the five measured parameters.
Especially high differences can be identified in
the alkaline hydrolyzing nitrogen content
(312.05 vs. 240.80 which both represent very
good nitrogen supply) and soluble P,Os content
(58.67 vs. 101.19 representing a medium
supply). Besides the potential impact of the
Latorica River, this can also be reasoned by the
different altitude, age and density of the forests
between the two territories, which gives us the
opportunity for a future research in the subject.

Table 3. The agrochemical indices of the examined soil samples from Peres Forest, Velyka
Dobron Wildlife Reserve (Western Ukraine)

. Studied Standard Sample . "
Indices territory Mean dev. size p (F-test) p (t-test) | Significant?
Alkaline Tl 312.05 29.34 15 0.435665 | 0.000001 YES
hydrolyzing
nitrogen T2+T3 240.8 30.64 14
(mg / kg)

T1 6.33 0.25 15 0.10409 0.002347 YES
pH (H20)

T2+T3 6.6 0.17 14

T1 5.44 0.16 15 0.198592 0.007075 YES
pH (KCI)

T2+T3 5.64 0.2 14

T1 58.67 22.87 15 0.464275 | 0.000035 YES
Soluble P20s
(mg / kg) T2+T3 101.19 23.4 14
Humus T1 6.15 1.19 15 0.06613 | 0.087411 NO
content (%) | T2+T3 5.48 0.78 14
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The mean values of pH in the aqueous
solution were 6.33 and 6.60 for the two groups
and 5.44 and 5.64 in the KCI extract. Thus, in
all cases the soil has a slightly acidic or near
neutral pH, which is generally favorable for the
nutrient uptake of plants. The humus content
was the only parameter which didn’t show
significant difference between the two groups
and both of them considered to be good
according to the limits of Ukraine.

Conclusions

According to morphometric results, the
most variable parameter was the length of the
leaf sheath and the less variable was the bulb
diameter, which is the same as reported in the
literature of Ljubinyec (JIroOuners) in 2013.
The correlation analysis showed that there is a
strong positive relationship between the
maximum leaf length and the bract length, and
also between the maximum leaf length and

scape length. One thousand seeds weighted
16.19 g. The alluvial type soil had significant
accumulation of organic matter and high level
of humus content. The soil pH values (obtained
with both methods) are favorable for the
growing and development of plants. The soil is
of medium supply based on the amount of
soluble P20s, while alkaline hydrolyzing
nitrogen has a high supply. However, there are
significant differences between the
agrochemical parameters of Territory 1 and
Territory 2, 3 (except the humus content),
which can be explained by multiple factors and
hence will be the subject of a future research.
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Abstract: This mini-review briefly presents the main types of plant aquaporins, highlighting their
importance for different plant species and for plant cellular functions. Aquaporins (AQPs), families of water
channel proteins (WCPs) are transmembrane proteins that are present in prokaryotes, animals, plants, and
humans. The plant aquaporins are part of the Major Intrinsic Proteins (MIPs) family which resides in the
following plant organs: roots, stems, leaves, flowers, fruits, and seeds. According to the sub-cellular
localization, to their sequence homologies and to their phylogenetic distribution, plant aquaporins have been
divided in five subgroups: (a) plasma membrane intrinsic proteins (PIPs); (b) tonoplast intrinsic proteins
(TIPs); (c) Nodulin26-like intrinsic membrane proteins (NIPs); (d) small basic intrinsic proteins (SIPs) and
(e) uncharacterized intrinsic proteins (XIPs). Different subclasses of the plant aquaporins allow several types
of transport using: water, glycerol, urea, hydrogen peroxide, organic acids, ethanol, methanol, arsenite, lactic
acid, and gaseous compounds. Plant aguaporins have a significant role in cell response to cold stress,
photosynthesis, plant growth, cell elongation, reproduction, and seed germination.

Keywords: plant aquaporins, water transport, plasma membrane proteins, tonoplast membrane proteins,

nodulin26-like membrane proteins, small basic proteins, uncharacterized proteins.

1. Introduction

Aquaporins (AQPs), families of water
channel proteins (WCPs) are transmembrane
proteins that form a membrane pore and allows
water to rapidly pass through biological
membranes by osmosis (Agre et al., 1993,
Agre, 2004; Benga, 2012). The first WCP,
discovered in the red blood cell membrane by
Benga's research group (Benga et al., 1986 a,b),
was purified by Agree's group scientists and
was named aquaporin 1 (AQP1) (Agre et al.,
1993; Agre, 2004).

AQPs are present in prokaryotes (Tanghe
et al., 2006), in various animals (Benga, 2013),

plants (Maurel et al., 1993; Maurel et al., 2008;
Sutka et al, 2017) and humans (Benga and
Huber, 2012; Papadopoulos and Verkman,
2012; Verkman, 2013).

Some studies have shown that tomato,
soybean, corn and spinach leaf aquaporins have
a certain homology with human aquaporin-4
(Lambert et al., 2019).

The first plant WCP was discovered by
Maurel et al. (1993) in the vacuolar membrane
of Arabidopsis thaliana, named AQP (YTIP or
AtTIP1;1) (Maurel et al., 1993; Wudick et al.,
2009). Comparatively to the animals/humans,
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plants contain a much higher number of AQPs
(between 30 and 70) (Wudick et al., 2009;
Deshmukh et al., 2016; Kapilan et al., 2018).

The plant aquaporins (AQPs) are part of
the Major Intrinsic Proteins (MIPs) family that
are integral a-helical proteins and allow passive
water and neutral solute bidirectional transport
across biological membranes and, also have a
significant role in cell response to cold stress
(Rouge and Barre, 2008; Hernandez-Sanchez et
al., 2019) and to osmotic stress (Balarynova et
al., 2018), also are important during leaf and
petal movements, cell elongation, reproduction,
and seed germination (Maurel, 2007).

The plant aquaporins have typical
structural particularities: the six transmembrane
core as a-helical domains with N- and C-
terminal ends towards on the cytoplasmic side
of the membrane, linked by five loops (A-E),
that define an aqueous transmembrane pore; the
pore stability and specificity is given by two
hydrophobic motifs Asp-Pro-Ala (NPA) of the
B and E loops that are embedded in center of
the membrane. The high specificity for
substrate is determined by an aromatic/Arg
(ar/R) motif. AQPs monomers function as
water channel within membrane and four AQPs
monomers tend to form homotetramers by
hydrogen bonds among the monomer loops;
tetrameric structure of the holoproteins gives
protein stability and functionality (Shapiguzov,
2004; Wudick et al, 2009; Kaldenhoff et al.,
2014; Kapilan et al., 2018).

Aquaporin’s permeability depends on
water  structure. ~ However,  aquaporin
permeability is the same for both distilled water
and original tap water (Kozumi and Kitagawa,
2016).

The plant aquaporins are present in the
following plant organs: roots, stems, leaves,
flowers, fruits and seeds (Kapilan et al., 2018).
The phosphorylation level of the AQPs
subunits  determines  their  sub-cellular
localization (Kapilan et al., 2018). AQPs are

located in different intracellular places: plasma
membrane, vacuoles (tonoplast), plastids,
endoplasmic reticulum, and, in some species,
interact with symbiotic organisms (Maurel et
al., 2015).

Some studies have described several types
of transport using different subclasses of the
plant aquaporins: water, glycerol, urea,
hydrogen peroxide (H202), organic acids,
ethanol, methanol, arsenite, lactic acid and
gaseous compounds (oxygen — Oz, ammonia —
NHs, carbon dioxide — CO, (Shapiguzov, 2004;
Wudick et al., 2009; Kapilan et al., 2018).
Some AQPs are sensitive to inhibitors that
contain mercury, which induces conformational
changes in AQPs and block water passage
through the channel (Shapiguzov, 2004).

According to the substance type
transported, plant aquaporins have been
classified in three subgroups: (a) aquaporins
specific for water transport (AQPs); (b)
aquaporins  GlpFs  specific  for small
carbohydrates (glycerol) transport and (c)
aquaglyceroporins (AQP3s) specific for both
water and small non-ionic dissolved molecules
transport (Rouge and Barre, 2008). According
to the sub-cellular localization, to their
sequence homologies and to their phylogenetic

distribution, plant aquaporins have been
divided in five subgroups: (a) plasma
membrane intrinsic proteins  (PIPs); (b)
tonoplast intrinsic  proteins  (TIPs); (c)

Nodulin26-like intrinsic membrane proteins
(NIPs); (d) small basic intrinsic proteins (SIPs),
and (e) uncharacterized intrinsic proteins
(XIPs) (Rouge and Barre, 2008; Deshmukh et
al., 2016; Hernandez-Sanchez et al., 2019). The
phylogenetic classification takes into account
the characteristics and functions of each AQPs
(Deshmukh et al., 2016).

37



ABMJ 2019, 2(2): 36-48

2. Plasma membrane
(PIPs)

The plants PIPs are the largest proteins
subgroup with high variability of terminal
domains and are located in the plasma
membrane, but also into other structures as
vascular tissues, guard cells, and flowers. There
are 13 isoforms in Arabidopsis, which have
been subdivided into two phylogenetic
subgroups: PIP1 and PIP2, containing similar
amino acid sequences, but with different water
transport ability. N-terminal tails of PIP1 are
longer compared to PIP2 and PIP1 C-terminal
tails are shorter (Shapiguzov, 2004; Wudick et
al., 2009; Kapilan et al., 2018).

PIPs are important proteins in regulating
the water transport, photosynthesis, plant
growth, development and restriction of root
water uptake, regulated by low pH values
(Agre, 2004; Wudick et al., 2009; Zhu and
Ming, 2019). PIPs own an important role in the
regulation of water transport under abiotic
stress (Ding et al., 2019).

The PIP1 subgroup consists of five
members: PIP1;1 to PIP1;5. All the PIP1
proteins have low water permeability because
some of them cannot act one with another and
they must form heterotetramers with PIP2
monomers (Kapilan et al., 2018). PIP1
trafficking to the plasma membrane depends on
PIP2 interaction. These facts suggest a
functional interaction between PIP1 and PIP2
and, also support roles for PIP1 in water
transport. When expressed alone, some PIP1 do
not localize to the plasma membrane. PIP1-
PIP2 interactions represent post-translational
regulatory mechanisms that influence intrinsic
permeability of PIPs (Yaneff et al., 2015). It is
also considered that PIPs phosphorylation has
an important role in the gating mechanisms and
sub-cellular dynamics (Verdoucq et al., 2014,
Pawlowicz and Masajada, 2019) and in redox-
dependent modulation of osmotic water
permeability in plasmalemma from roots

intrinsic  proteins

(Piotrovskii et al., 2019). An example is
phosphorylation of Ser or Thr residues of the
cytoplasmic C-terminal tail of the Arabidopsis
root PIP2s (Maurel et al., 2009). Within
Arabidopsis, the tetramer structure of the
AtPIP2;1 is essential for water permeability. In
the plasma membrane, inter-transmembrane
interactions between monomers played an
important role in tetramer formation of the
AtPIP2;1 (Yoo et al., 2016).

The PIP2 subgroup consists of eight
members: PIP2;1 to PIP2;8 than, are more
efficiently compared to PIP1 group members
(Kapilan et al., 2018; Nada and Abogadallah,
2019). PIP2s are organized in homotetramers
that translocate to the plasma membrane by
interacting with SNARE proteins (Yaneff et al.,
2015).

An important aspect regarding the PIPs
response to various environmental conditions is
transcriptional and post-transcriptional
regulation mechanisms. In the secretory
pathways, PIPs are synthesized within the
rough endoplasmic reticulum (RER). Then,
PIP2 proteins are associated with PIP1 proteins
and form PIP oligomers that transit Golgi
apparatus and then, are loaded into secretory
vesicles, being transported to the plasma
membrane, where it merges through SNARE
proteins. PIPs internalization it depends on
environmental factors or signaling molecules
and is achieved in constitutive pathway through
clathrin-coated vesicles (Hachez et al., 2013).

AQPs, in particular PIPs, support more
post-translational modifications: deamination,
phosphorylation, methylation, acetylation, that
influence their activity and trafficking. So, PIP
and NIP residues phosphorylation plays a key
role in the gating of the pore and regulation of
the protein sub-cellular localization (Fox et al.,
2017). The plant aquaporins gating (opening
and closing of the water channel pore) may be
regulated by phosphorylation, protons and
divalent cations. Phosphorylation was first
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proposed for spinach SoPIP2;1 and pea
PvTIP3;1 (Li et al., 2014). In addition, it is
considered that PIPs gating is regulated by
cytosolic pH and the intracellular Ca*
concentration (Tan et al., 2018).

Some studies showed that
heterotetramerization, cytosolic acidification
and loop B serine phosphorylation affect
aquaporin gating. Loop B serine
phosphorylation affects pH gating of FaPIP2;1
but not of FaPIP1;1 from Fragaria x ananassa
(Yaneff et al., 2016).

Based on the expression level, it is
considered that for rice, the ability of PIP1 to
allow water diffusion was relatively low or
absent, compared to a PIP2, that was high.
Within rice, three PIP1s (PIP1;1-PIP1;3) were
highly expressed in roots (Ding et al., 2019)
and the expression of PIP2;1 was the highest
among the six PIP2s (Ding et al., 2019). Also,
enhancing AQPs activity, increased the ability
of root water uptake and drought tolerance of
rice supplied with NH4* (Ding et al., 2015).

Regarding the effect of high root
temperature on the water uptake capability of
broccoli was observed increase in osmotic
water permeability at higher temperature. This
process was not due to changes in the PIPs
abundance, but was probably due to increase of
permeability through lipid bilayer and changes
in plasma membrane fluidity (lIglesias-Acosta
et al., 2010).

A recent study showed that during
flooding a rapid decrease of cytosolic pH it
takes place, due to anoxia. This process leads to
a simultaneous aquaporin closure in the plasma
membrane, mechanism where it is involved a
conserved histine on cytosolic loop D of the
aquaporin (Frick et al., 2013).

Aquaporins have been used as target
proteins in genetic manipulation, to improve
plant water relations under environmental
stress. For example, Vicia faba PIP1 (VIPIP1)
expression in transgenic Arabidopsis thaliana

improved drought resistance by reducing water
loss through transpiration (Martinez-Ballesta
and Carvajal, 2014).

For Nicotiana tabacum, a member of PIP1
subgroup (NtAQP1) decreased plant resistance
to water stress. Some members of PIPs
(NtAQP1) are involved in water transport and
can participate in carbon dioxide transport, thus
contributing to photosynthesis (Pawlowicz and
Masajada, 2019).

In Pisum sativum, PIP1 has an important
role in water absorption during seed water
uptake. (Kapilan et al., 2018).

The plant protection against dehydration
stress depends on the interaction between
specific ~ proteins such  dehydrins and
aquaporins, that protect other proteins from
damage during dehydration. Dehydrins are
intrinsically ~ disordered proteins  that
accumulate during abiotic stress conditions. It
is considered that two classes of proteins
behave simultaneously for AQPs denaturation
and inactivation (Hernandez-Sanchez et al.,
2019).

In  Saccharum ssp., three aquaporins
(ShPIP2;1, ShPIP2;5 and ShPIP2) replied to
water deficit conditions and their expressions
were depending on genotype, experimental
conditions and duration of drought stress (Mara
de Andrade et al., 2016).

The relevance of aquaporin root water
transport at low temperatures has been
demonstrated by over-expressing of PtdPIP2;5
(PtdPIP2;50x) at transgenic Populus tremula x
alba. Over-expression of PtdPIP2;5 was
efficient in attenuation of the effect at low root
temperature, on hydraulic conductivities and
gas exchange (Ranganathan et al., 2016).

Some members of the PIP1 subgroup had a
relevant role in glycerol and CO; transport

(Kapilan et al, 2018). High rates of
photosynthesis are provided by PIP1
aquaporins, using CO2 channels that are
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important for the mesophyll and stomatal CO>
conductance in leaves (Yaneff et al., 2015).

For maize, the pairs ZmPIP1;5-ZmPIP2;5
and ZmPIP1;1-ZmPIP2;1 are functional units
whitin roots, important in salt stress cell
response and during root development (Yaneff
et al., 2015). For Saccharomyces cerevisiae,
some PIP2 transport H20., while in maize,
ZmPIP1;2 does not allow peroxide transport
(YYaneff et al., 2015). For stability and increase
of water permeability, maize ZmPIP1s and
ZmPIP2s interact; similar results were
observed for Nicotiana tabacum, Beta vulgaris,
Mimosa pudica, Vitis vinifera, Hordeum
vulgare, Triticum turgidum (Bienert et al.,
2014). Using a yeast system, it was observed
that ZmPIP1;2 is not permeable to hydrogen
peroxide, comparatively to wild type ZmPIP2;5
(Bienert et al., 2014). Differences in H.0O>
permeability between various AQP isoforms
are due to differences in open mechanism of
channels and to miss targeting to cellular
membranes other than plasma membrane
(Bienert and Chaumont, 2014). The oxidative
stress responses were investigated in the
Arabidopsis roots, through redistribution of
PIPs from plasma membrane to intracellular
membranes. AtPIP2;1 analyses  with
endomembrane markers showed that H2O:
determined AtPIP2;1 accumulation in the late
endosomal compartments. The high stability of
PIPs was maintained under oxidative stress
conditions due to the intracellular redistribution
of PIPs without degradation (Wudick et al.,
2015).

In case of Chrysanthemum morifolium,
CmPIP1 and CmPIP2 differ in their response
expression to salt, presenting higher expression
in the leaves and lower in stems and flowers.
Their role is very important: stomatal opening
and closing, transpiration and photosynthesis
(Zhang et al., 2019).

3. Tonoplast intrinsic proteins (TIPS)

The The tonoplast intrinsic proteins (TIPs)
are the most abundant aquaporins in the
vacuolar membrane (tonoplast). Some TIPs
isoforms are found in small vacuoles and in the
membrane surrounding the protein storage
vacuoles (PSV), having a storage function for
protein and play a role in protein degradation
(Wudick et al., 2009; Kapilan et al., 2018).
TIPs are the first water transporting proteins
that have been identified in tonoplast of
Arabidopsis thaliana (AtTIP1;1) (Maurel et al.,
1993; Wudick et al., 2009; Kapilan et al.,
2018). According to their  sequence
homologies, in maize, rice, and Arabidopsis,
TIP group consists of five subgroups: TIP1-
TIP5. For example, ten tonoplast intrinsic
protein (TIP) homologues are present in
Arabidopsis (Wudick et al., 2009) and 17 TIPs
are present in Populus trichocarpa (Kapilan et
al., 2018).

The tonoplast TIPs play a key role in
transporting small solutes (diffusion of water,
urea, ammonia, H202) and gases, in
maintenance of cell turgor pressure, and TIPs
genes become under-expressed after drought
stress (Abascal et al., 2014; Fox et al., 2017,
Kapilan et al., 2018). Water permeability of the
tonoplast is higher than that of the plasma
membrane, due to the abundance of the
aquaporines in the tonoplast (Kapilan et al.,
2018).

TIPs isoforms can have different
physiological functions. For example, in
Mesembryanthemum crystallinum, TIPs may
play an important role in stress responses,
therefore when the plant was exposed to salt
stress, the abundance of TIP1;2 decreased to
75% (Kaldenhoff and Fischer, 2006; Wudick et
al., 2009; Kapilan et al., 2018).

TIPs proteins are aquaporin synthesized
during seed maturation and found in vacuolar
membranes of cotyledons. TIPs that function in
seed drying, cytoplasmic osmoregulation, seed
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rehydration can be regulated by
phosphorylation (Daniels et al., 1999; Li et al.,
2014).

TIPs may play a role in equilibrating urea
concentrations between the vacuole and the
cytoplasm (Kaldenhoff and Fischer, 2006).

An implication of TIPs in urea transport
was first described in tobacco suspension cells,
where, in accordance with NtTIPa expression,
vesicles showed higher permeability to urea. In
Arabidopsis, almost all TIP subclasses
(AtTIPL1;1, AtTIP1;2, AtTIP1;3, AtTIP2;1,
AtTIP4;1, AtTIP5;1) transport urea. In plants,
TIPs may allow a non-saturable and pH-
independent transport of urea during nitrogen
metabolism or nutrition (Wudick et al., 2009).

NH3 transport was first described for TIP2
members from wheat (TaTIP2;1) and
Arabidopsis (AtTIP1;2, AtTIP2;1, AtTIP2;3).
TIPs play a function in sub-cellular partitioning
of NH3 and contribute to the detoxification of
NHz excess amounts in the cytosol (Wudick et
al., 2009). Expression of AtTIP2;1 in roots was
up regulated in response to nitrogen starvation
(Jahn et al., 2004).

For tomato, the over-expression of
SITIP2;2 attenuated the reduction of plant
transpiration under stress, ensuring an adequate
balance between CO, uptake and water and
nutrient  supply (Martinez-Ballesta and
Carvajal, 2014).

A key role of the tonoplast is to maintain
turgor pressure against the cell wall. Recent
studies have shown that in grapevine tonoplast,
TIP2;1 activity is regulated by turgor induced
membrane tension, changing from an opened to
a closed state. Membrane tension may induce
water channels closure, preventing fast water
loss. This turgor that depends on TIP2;1 gating
may be a mechanism to regulate vacuolar size
and shape in grapevine (Leitao et al., 2014).

Furthermore, a specific role for PIPs and
TIPs in primary root elongation and
development of lateral roots was showed that

may contribute to improving drought resistance
(Zargar et al., 2017).

In drought conditions, the expression of
PIPs and TIPs from tea plant remained
relatively high after leaf rehydration, but they
were repressed in the roots. CsPIP and CsTIP
genes play an essential role in stress response,
as well as in flower development and opening
process. More, some CsNIPs, CsSIPs and
CsXIPs can regulate flower development and
opening process (Yue et al., 2014).

4. Nodulin26-like intrinsic membrane
proteins (NIPs)
Nodulin26-like intrinsic membrane

proteins (NIPs), aquaporins that have been
initially localized in peribacteroid membrane of
nitrogen-fixing root nodules of leguminous
plants, are present in plasma membrane of the
non-symbiotic plants too (Wudick et al., 2009;
Kapilan et al., 2018). Aquaporins identified as
nodulin26 proteins were first characterized in
soybean and then in other rhizobia-symbiotic
vegetables (Rouge and Barre, 2008).

Nodule formation is a result of symbiotic
relationship between plant and nitrogen fixing
bacteria. During the process of nodule
formation, nodulin proteins are expressed by
plants and transferred to the membranes.
Nodulin 26 proteins are expressed at the
symbiosome membrane and have similar
sequences to NIP proteins (Kapilan et al.,
2018).

NIPs have been classified in five
phylogenetic groups (NIP1-NIP5) and in three
functional groups (NIP I, NIP 1I, NIP III),
based on similarity of the aromatic/arginine
constriction (Mateluna et al., 2018).

Comparatively with other aquaporins,
NIPs play a similar role as transporters of
water, but in contrast with PIPs and TIPs, NIPs
have lower water transport activity (Maurel et
al., 2015; Kapilan et al.,, 2018). However,
besides glycerol and water (Kruse et al., 2006),
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NIPs are permeable to small organic solutes
and mineral nutrients and mediate diffusion of
metalloids (boric acid, silicon and selenium)
and toxic elements (arsenic) (Martinez-Ballesta
and Carvajal, 2014; Maurel et al., 2015; Fox et
al., 2017). NIPs transport functions have been
established by direct mutagenesis and by
expression in oocytes (Martinez-Ballesta and
Carvajal, 2014). NIP | proteins are permeable
to water, glycerol and ammonia, NIP Il
proteins transport urea and metalloid nutrients
(boron), but have lower water permeability and
NIP 1l proteins transport larger molecules
(silicic acid, urea) (Mateluna et al., 2018).

Some structural particularities in NPA
motif (alanine is replaced with serine, glycine
or valine) might render NIPs capable of
transporting  substrates other than water
(Wudick et al., 2009). NIP2 proteins have a
wider pore than those of NIP1 and are
permeable to large solutes (urea). Also,
AtNIP2;1 is expressed in the endoplasmic
reticulum of roots, whereas AtNIP5;1 is
expressed in plasma membrane of roots
elongation zones. The AtNIP2;1 mediates lactic
acid transport, being very important to the
adaptation to lactic fermentation under
anaerobic stress (Gomes et al., 2009). When
NIPs phosphorylation is increased, NIPs have
an important role in maintaining plant water
balance and in drought and salt stress responses
(Martinez-Ballesta and Carvajal, 2014; Kapilan
et al., 2018).

NIPs proteins have multifunctional
transport properties of water and/or uncharged
solutes as glycerol. NIP gene transcripts were
found in seed coat, shoot and roots (Kaldenhoff
and Fischer, 2006).

5. Small basic intrinsic proteins (SIPs)

As the TIPs proteins, SIPs proteins are
small, but very basic, and can be found in seed
plants and mosses (Abascal et al., 2014;
Kapilan et al., 2018). Their small sizes are due

to the very short cytosolic N-terminal region
(Kapilan et al.,, 2018). SIPs proteins are
associated with intracellular membranes,
particularly  with endoplasmic  reticulum,
having a key role for facilitating the
intracellular water movement. Also, SIPs
participate in the passage of water through the
endoplasmic reticulum membranes and regulate
the morphology of the organelle (Gomes et al.,
2009).

SIPs proteins comprises four classes, of
which in Arabidopsis there are three members
of the SIPs (Wudick et al., 2009). In case of
cotton, based on NPA sequence, SIPs include
SIP1 subgroup that is divided into SIP1;1 and
SIP1;2 (Gomes et al., 2009; Kapilan et al.,
2018). Different SIP isoforms have different
solute permeability, due to different sites of
characteristic residues. So, in SIPs of cotton,
alanine residues present in the first NPA motif
was converted to tyrosine (Kapilan et al.,
2018). From a functional point of view,
although SIPs have an original pore
conformation, it ensures only a moderate water
transport (Maurel et al., 2015).

Three SIPs were identified in potato and
were included in the SIP1 subgroup. Some of
the potato aquaporins (PIP1;4, PIP2;1, TIP2;4,
SIP1;1a, SIP1;1b and NIP5;1) were abundant
in stolons, swollen stolons and tubers,
suggesting that these aquaporins may play a
potential role in the tuberization process
(Venkatesh et al., 2013).

6. Uncharacterized intrinsic proteins (X
intrinsic proteins - XIPs)

XIPs have been characterized in protozoa,
fungi, mosses and dicots. There have been 19
XIP members: five XIPs in Populus
trichocarpa, ten in dicots other than Populus,
three from moss and one from protozoa
(Kapilan et al.,, 2018). XIPs are absent in
Brassicaceae, monocots and in certain dicots
such as Arabidopsis (Li et al., 2014; Mara de
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Andrade et al., 2016; Kapilan et al., 2018). XIP
homologues have also been found in flowering
plants (dicot species), in Solanaceae species
(Solanum lycopersicum), Glycine max and
Jatropha curcas (Wudick et al, 2009;
Pawlowicz and Masajada, 2019). The potato
contains more XIPs comparatively with other
dicot species (cotton, Vitis). Except XIP1,
which was less expressed in root tissues, but
higher expressed in leaves, XIP2, XIP3;1 and
XIP4;1 were highly expressed in potato root.
The rapid transport of inorganic solutes and
metabolites can make possible a higher
expression of aquaporins in roots (Venkatesh et
al., 2013).

The same as PIPs and NIPs, XIPs are
localized in the plasma membrane (Yaneff et

Conclusions

In plants, aquaporins are very abundant
and are important for whole plant, for water
transport to and from the vascular tissues. At
the cellular level, plant aquaporins have key
roles in control of the osmotic fluctuations.
Due to the regulated abundance and activity of
aquaporins, plants have the ability to control
water transport. Plasma membrane proteins are
important in regulating water transport,
photosynthesis, transpiration, plant growth,
development and restriction of roots water
uptake regulated by low pH values. Tonoplast
membrane proteins play key roles in
transporting  small  solutes and  gases,
maintaining cell turgor pressure. Nodulin26-
like membrane proteins are permeable to small
organic solutes and mineral nutrients and
mediate diffusion of metalloids and toxic
elements. Small basic proteins participate in the
passage of water through the endoplasmic

al., 2015; Pawlowicz and Masajada, 2019). It is
considered that XIPs are multifunctional
channels permeable to water and metalloids
(Maurel et al., 2015). In grapevine, VvXIP1
play a key role in osmotic regulation in
addition to H202 transport and metal
homeostasis (Kapilan et al., 2018).

Another two sub-families were discovered
in moss (Physcomitrella patens), and not in
vascular plants: GIPs (GlpF-like intrinsic
protein) and HIPs (hybrid intrinsic proteins)
(Wudick et al., 2009; Abascal et al., 2014; Li et
al., 2014; Yaneff et al., 2015; Pawlowicz and
Masajada, 2019).

reticulum membranes and regulate the
morphology of the organelle. Uncharacterized
proteins play key roles in osmotic regulation
besides H2O, transport and metal homeostasis.
A better understanding of the AQPs in
plants and evaluation of various distribution
models of aquaporins, depending on the degree
of cell compartmentation, can lead to a better
knowledge of cellular functions and to the
development and management of plants better
adapted to changing environmental conditions.
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Abstract: Phytosociological structure of the communities dominated by Scirpus sylvaticus was studied in the
mountain area of Mures County with focus on vegetation community organization, floristic composition and
habitat conservation. The vegetation sampling and data analysis were done following standard procedures.
The study of wet meadows from the Calimani and Gurghiului Mountains carried out in field during 2015-
2019, highlights the presence of hygrophilous coenoses belonging to the Scirpetum sylvatici Ralski 1931
plant association. These wet meadows grow on alluvial, gleyic and acidophilous soils. The identified
communities belong to Natura 2000 habitat 6430 Hydrophilous tall-herb fringe communities of plains in the
montane to alpine levels. The conservation status of the habitat is good and very good and the floristic

composition emphasizes a rich floristic diversity.

Keywords: plant association, habitat, conservation status, Mures County.

1. Introduction

Phytosociological analysis indicates the
organization and structure of the vegetation in a
particular habitat which determines the
distribution pattern of individuals from other
species, and it is important for understanding
the functioning of any community.

The diversity of semi-natural communities
along the rivers beds and valley streams is
determined by the variety of the habitat
conditions both in terms of water content and
soil fertility.

The study area is represented by the
valleys of the following rivers: Mures,
Gurghiu, Niraj, Sebes and Sovata. These are

mountainous valleys stretching along the
Gurghiului and Célimani Mountains in Mures
County. On the river side, plots with tall herbs
and wet meadows occur. They belong to the
Natura 2000 habitat 6430 Hydrophilous tall-
herb fringe communities of plains in the
montane to alpine levels.

In the present investigation an attempt has
been made to document the structure of plant
communities, composition and diversity of
some meadows from Gurghiului and Calimani
Mountains. A phytosociological survey of the
wet meadows dominated by Scirpus sylvaticus

in the study area was made during 2015-2019.
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Fig. 1. The map with the location of relevées from Gurghiului and Calimani Mountains (Romania)

They were classified in the association
Scirpetum  sylvatici  Ralski  1931. This
association is wide spread in the East
Carpathians; it was described from Bistrita
Aurie Valley by Pascal and Mititelu (1971) and
Gergely and Ratiu (1973) within the Ciuc
Basin. Asoltani L. (2008) mentions this
association in Calimani Mountains (Suceava
County).

In Mures County, previous studies
(Oroian, 1998; Samarghitan, 2005) record this
association in the valleys of Mures and
Gurghiu rivers and on their tributaries. The
coenoses with  Scirpus  sylvaticus are
widespread in the study area. The places for the
conducted 24 phytosociological surveys were
chosen to cover all the study area (Fig. 1.). In
the research area these communities are
fragmentarily distributed, on flat land, isolated
and are not used as pastures or hayfields. The
studied coenoses have a low conservative value
and low fodder resource being grazed by
animals only at an early stage. However, they
are important as ecotones that provide shelter
and feeding places for many invertebrates and

small mammals, so these habitats must be
protected.

2. Materials and Methods

In order to analyze the plant communities,
vegetation was sampled and phytosociological
surveys were elaborated using the standard
Central European method (Braun-Blanquet,
1964, Cristea et al., 2004). The data have been
gathered during 2015-2019 in 24 vegetation
surveys (phytocoenologic relevées). For each
survey the species composition was noted. In
order to assess the dominance of species in the
plant communities the Braun-Blanquet scale
was used. The life forms, geoelements, and
ecological indicators, as well as the name of the
species were based on Sarbu et al. (2013). The
affiliation to higher syntaxa was made
according to Coldea (2012) and Mucina et al.
(2016). In order to describe the Natura 2000
habitat type two scientific works were used:
Habitats in Romania (Donita et al., 2005), and
A handbook for interpreting NATURA 2000
habitats in Romania (Gafta and Mountford,
2008). The classification of threatened species
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in the study area is based on IUCN Red list
(Biltz et al, 2011) and National Red List
(Olteanu et al. 1994).

3. Results and discussions
In the studied area 24 phytosociological

surveys were conducted, each on 100 m?
surface (Table 1.). These studies show a high
species diversity (98 species were identified).
The phytosociological relevées were carried
out on alluvial gleyic soils with moderately
acidic pH from the hydrographic basins of the
following rivers: Mures, Gurghiu, Niraj and
Tarnava Mica. The land here is characterized
by the stagnant water present almost all the
year and the soil well soaked with water. The
syntaxonomic scheme of vegetation is:

Cls. Molinio-Arrhenatheretea R. Tx.1937

Ord. Molinietalia caeruleae W.Koch 1926

All. Calthion palustris Tx. 1937

Ass. Scirpetum sylvatici Ralski 1931

The surveys were taken on the mountain
belt with altitudes between 504 and 1310 m
above sea level (asl). The climate records an
average annual temperature between 7° C and -
5° C and rainfalls between 650-1056 mm /
year. The soils are alluvial, and rich in
nutrients. The phytocoenoses have a good
coverage (97-100%); the structure is stratified,
the higher species form the upper level, which
exceeds 1 m in height. In the floristic
composition of the association, 98 taxa were
identified. Along with the edifying and
characteristic species Scirpus sylvaticus (Fig.
2.), numerous species belonging to the
coenotaxons that subordinate the association
have been identified. The species composition
of this association in the study area is similar to
those of the rest of Europe (Balatova-
Tulackova 1987, Hajek et al., 2005, Hajkova
and Hajek, 2007, Malovcova-Stanikova, 20009.

f

Fig. 2. Scirpetum sylvatici association on Mures Gorge (photo Silvia Oroian)
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Considering the affiliation to various
coenotic groups a dominance of the species
belonging to higher syntax can be noted. Thus,
some species are characteristic to Calthion
alliance, such as: Caltha palustris,
Chaerophyllum hirsutum, Crepis paludosa,

Juncus articulatus, Myosotis scorpioides,
Trifolium hybridum etc. Species with high
frequency  were identified from the

Filipendulion alliance (Cirsium oleraceum,

Epilobium parviflorum, E. hirsutum,
Filipendula ulmaria, Geranium palustre,
Lysimachia vulgaris, Lythrum salicaria,

Mentha longifolia, and Valeriana officinalis)
and the Molinietalia and Molinion alliance
(Cirsium  erisithales,  Cirsium  palustre,
Dactylorhiza majalis, Galium uliginosum,
Juncus effusus, Lychnis flos-cuculi, Lycopus
europaeus etc.). Beside the characteristic
species of Molinio-Arrhenatheretea class, in the
studied communities the following taxa were
present:  Achillea  millefolium,  Agrostis
capillaris, Alopecurus pratensis, Holcus
lanatus, Potentilla reptans, Prunella vulgaris,
Stellaria graminea etc. In the floristic
composition of the association some rare and
threatened plants were identified such as
Angelica archangelica (LC) and Dactylorhiza
majalis (LC). Their presences give a higher
conservative value for the habitat.

In the coenoses with higher anthropic
pressure the presence of Erigeron annuus ssp.
annuus, an alien invasive species was noticed.

For the association the analysis of
geoelements and bioforms were made. The
Eurasian element was dominant (51.55%),
followed by the Circumboreal which was well
represented in the studied communities
(20.62%). The European elements were in a
proportion of 12.97%. This distribution shows
the Central-European origin of Calthion
vegetation with the corresponding habitat
conditions (climate, relief). There is a distinct
regional peculiarity because of the presence of

Alpine-Carpathian, Carpathian and Carpathian-
Balkan elements (4.12%) (Fig. 3.).

According to the analysis of bioforms (Fig.
4.), the hemicryptophytes prevail (75.52%),
followed by geophytes (10.20%) and
helophytes  (4.08%). The chamaephytes
represent 3.06% of the bioforms while the
phanaerophytes 2.01%, due to closeness with
the forest belt. The percentage of therophytes
was comparatively high (5.10%), which is not
typical for this kind of vegetation.

The stationary conditions in which this
association develops favor a large number of
light-loving species that grow generally in
well-lit places, but also occurring in partial
shade (L7-48.45%), alongside with some light-
loving species (Ls-21.65%). The thermal
regime is favorable for the development of the
mesothermophilous species (21.65%) and
euriterms (55.67%). The Ellenberg indices
were used to reveal the necessary moist
conditions for the species within the
association. Thus meso-hygrophilic species
with preference for moderately wet soils
(Us=20.62%) and those which prefer wetter
soils (U7=17.53%, Us=15.46%) are dominant.
In terms of preference to soil reaction most
species of this association are eurionic (56.7%)
or indicator of moderate acidity, occurring
rarely in strongly acidic or in neutral to alkaline
soil conditions (19.59%). They occur in
nutrient-poor sites more frequently than in sites
with ~ moderate  nutrient  supply and
exceptionally in sites with rich nutrients (Ns-
15.46%) (Fig. 5.).

The phytocoenoses analyzed in this study
belong to Natura 2000 Habitat 6430
Hydrophilous tall-herb fringe communities of
plains in the montane to alpine levels. This
habitat is wide spread in the area; the herb layer
is usually tall and the cover is highly variable
depending on the mechanical action of water
and level fluctuations.
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The anthropogenic threats are numerous,
generally affecting the biodiversity. The main
pressures/threats estimated from the field study
refer to forest management and use. In the
Calimani-Gurghiului mountains was noticed
the transport of the exploited wood with trucks
or heavy equipment. These affect the banks of
the  Mures  tributaries, = where  these
phytocenoses occur, leading to the damages on
large areas of the habitat. It also causes the
settlement of the wet soil, favoring the erosion
processes that in time create free spaces on the
ground for the installation of weeds and
invasive alien species. Also moist soil
settlements might affect the underground part
(rhizomes) of some plants that ensure their
perennial and vegetative reproduction, thus
leading in time to the reduction of the
population. Therefore, it is recommended to
supervise the activity of wood exploitation by

Conclusions

In the study area, the hygrophilous plant
communities dominated by Scirpus sylvaticus
were included in the association Scirpetum
sylvatici Ralski 1931. These stands belong to
Natura 2000 Habitat 6430 Hydrophilous tall-
herb fringe communities of plains in the

montane to alpine levels. The 24
phytosociological ~ surveys highlight the
biodiversity of these communities that
comprise 98 plant species. The floristic

composition of the association is similar with
those described in Europe. The diagnostic and
characteristic species of association are present
and have a good coverage up to 100%. In these
phytocoenoses some threatened species were
identified such as Angelica archangelica (LC)
and Dactylorhiza majalis (LC). In the study
area these phytocoenoses are mostly in a good
and very good state of conservation and they
can be considered frequent in the area.

the companies involved. Drought and reduced
rainfall in recent years have led to the reduction
of phytocenoses dominated by Scirpus
sylvaticus.

Regarding the conservation status, it can
be mentioned that the habitat is in very good
(45.84% of the surveys carried out) or good
conservation condition (45.84% of the surveys
carried out) and only in 8.34% of the surveys,
the conservation status of the habitat is
satisfactory. As such, the following short term
impact of risk factors can be mentioned: the
restriction of characteristic plant communities
in favor of ruderal ones, and changes in the
structure and composition of the vegetation due
to the proliferation of invasive species.
Therefore, permanent monitoring is required to
obtain information on the evolution trends of
the habitat in order to preserve the habitat
conservation status.
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Table 1. Scirpetum sylvatici Ralski 1931 association from Gurghiului and Calimani Mountains (Romania)

Relevées 1 2 13 |4 |5 6 |7 |8 (9 |10 |11 |12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22 |23 |24
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Mentha longifolia

Valeriana
officinalis

Molinietalia
(inc. Molinion)

Cirsium canum

Cirsium palustre

Deschampsia
cespitosa

Equisetum
palustre

Galium uliginosum

Juncus
conglomeratus

Juncus effusus

Lychnis flos-cuculi

Lycopus
europaeus

Stachys officinalis

Symphytum
officinale

Molinio-
Arrhenatheretea

Achillea
millefolium

Agrostis capillaris

Alopecurus
pratensis

Carex hirta

Cerastium
holosteoides

Euphrasia
rostkoviana

Festuca pratensis

Holcus lanatus
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Lathyrus pratensis

Lysimachia
nummularia

Poa trivialis

Prunella vulgaris

Ranunculus repens

Stellaria graminea

+| +| +

+| +| +

Trifolium pratense

Epilobium palustre

Scutellaria
galericulata

Variae Syntaxa

Agrostis
stolonifera

Campanula patula

Carex distans

Carex leporina

Carex rostrata

Carex vulpina

Centaurea phrygia

Dactylis glomerata

Eleocharis
palustris

Equisetum arvense

Erigeron annuus

Galium aparine

Hypericum
maculatum

+| +| +

Impatiens
noli-tangere

Juncus inflexus

Leucanthemum

+ -

+
+ -
- +

+
+ |+
+ -
+ -
- +
+ -
- +
- +
- +
+ |+
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vulgare

Mentha arvensis - - - - - - - - - - + - - - - - - - - - - - - |

Poa palustris - - - - - - - - - - - + + - - - - - - - - - - - |

Potentilla erecta - - - + |- e N A - - - + - - - + - - - - - - |

Salix cinerea + + + | - + | - - + - - + - - N _
Stachys sylvatica - - - - - - - - - - - _ T _ _
Stellaria nemorum | - - - - - - - - - - N R _ - N

1
+
+
+

+| +| +
+
+|
+
+
+

Trifolium repens + |- + |- - - + |- + |- + + + + -

Urtica dioica - - + |- |- - - - - - - - + - - - - - - - - - - - |

Species present in one releve: Polygonum bistorta (2); Potentilla reptans (2); Alnus glutinosa (3); Dactylorhiza majalis (4); Galium palustre (5);
Plantago lanceolata (6); Poa pratensis ssp. angustifolia (7); Carex pallescens (7); Cirsium waldsteinii (8); Alchemilla vulgaris agg. (10); Cynosurus
cristatus (10); Petasites hybridus (10); Rhinanthus rumelicus (10); Angelica archangelica (11); Aconitum napellus ssp. tauricum (11); Chamerion
angustifolium (11); Doronicum austriacum (11); Lotus corniculatus (11); Telekia speciosa (11); Cardamine pratensis (15); Veratrum album (18);
Heracleum spondylium (18); Cirsium erisithales (18); Achillea distans (20); Mentha x verticillata (21); Cirsium oleraceum (21); Ranunculus acris
(22); Calystegia sepium (23);Veronica officinalis (23); Eupatorium cannabinum (24).

Place and date of relevé: R1 - Ciobotani-Mermezeu, 06.15.2015; R2 - Campul Cetatii - Paraul Cald, 06.20.2015; R3 - Campul Cetatii — Nirajul Mic,
06.21.2015; R4 — Lapusna - Gurghiu (Paraul Mocirlos), 07.05.2016; R5 - Lapusna - Gurghiu (Paraul Mijlociu), 07.05.2016; R6 — Lapusna - Paraul
Secuieu, 07.07.2016; R7 - Lapusna — Paraul Negru, 07.07.2016; R8 — Ibanesti -Sirodul Mare, 07.10.2016; R9 - Ibanesti -Sirodul Mic, 07.10.2016;
R10 — Sovata —Sebes, 08.04.2017; R11 — Sovata, 08.06.2017; R12 — Lunca Bradului — Valea Ilva, 08.11.2018; R13 - Lunca Bradului — Valea llva
Mare 08.11.2018; R14 — Stanceni — Gudea Mare, 08.12.2018; R15 — Stanceni — Gudea Mica, 08.12.2018; R16 — Rastolita — Valea Rusu, 08.13.2018;
R17 — Sialard — Gropusoara Mica, 08.16.2018; R18 - Salard — Hidegag, 08.16.2018; R19 — Salard - Taba Mica, 08.18.2018; R20 — Neagra — Paraul
Neagra, 08.23.2019; R21 — Ibanesti — Fancel, 08.26.2019; R22 — Ciobotani, 08.29.2019; R23 —Rastolita, 06.09.2019; R24 — Mestera, 08.20.2019.
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