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CLAY MINERALS IDENTIFIED IN THE RED QUATERNARY DEPOSITS
FROM CETATE AREA (DOLJ COUNTY, ROMANIA), USING XRD METHOD

NEGREANU Stefan, SOARE Barbara

Abstract. The area from which samples were collected is close to the limit between the counties of Dolj and Mehedinti, about10 km
north of the Danube. The Quaternary loess like red deposits from Oltenia are described in the specialized literature as “red clays™ or
“red loams™. This paper renders data on the type and proportion of the clay minerals identified by X-ray diffraction of the clay
fraction separated from both red loess like deposits and older deposits either ruditic with red matrix, mainly silty-sandy or sandy red
levels. For a precise understanding of the conditions of the analysis. there are presented the methods used for this purpose in detail.

Keywords: Quaternary. loess like deposits, clay minerals. X-ray diffraction.

Rezumat. Minerale argiloase identificate prin difractie de raze X, din depozite rosii cuaternare, zona Cetate
(judetul Dolj, Romania). Zona din care au fost culese probele pentru analize se géseste in apropierea limitei dintre judetele Dolj
si Mehedinti la aproximativ 10 km nord de Dunare. Depozitele loessoide cuaternare de culoare rogie din Oltenia sunt descrise in
literatura ca ..argile rosii” sau .luturi rosii”. Lucrarea de fata reda date referitoare la tipul §i proportia mineralelor argiloase
identificate prin difractia de raze X din fractia argiloasa, separata. atat din depozitele loessoide rosii, cat si din depozite mai vechi, fie
ruditice cu matrice rosie. preponderent silto-nisipoasa. fie nivele nisipoase rosii. Pentru o intelegere exacta a conditiilor de analiza
sunt prezentate detaliat metodele utilizate in acest scop.

Cuvinte cheie: Cuaternar. depozite loessoide. minerale argiloase. difractie de raze X.

INTRODUCTION

On the right side of the road from Cetate to Hinova, at about 8 km
northwest of Cetate (Fig.1), there are several 400-500 m long open pits for

the exploitation of sands and gravels. Vertically, the walls of the deepest S IR <0.00000001 - «0 [ 20.00000001 - 80
open pit we took samples from are between 15 and 20 meters. The S <0.00000001 - 50 [ 90.00000001 - 00
coordinates of this open pit are 44°9'10"N and 22°59 7"E. :m: : E :?:m: :;:

At the top, there can be observed the soil horizons, developed on B 1200050001 - 130 [l 1700000001 - 180
the first 1.5-2 m. Underneath, there appear dusty-sandy reddish deposits B 130.0000001 - 140 [ 180.0000001 - 199
based on which soils developed. Their thickness varies between 1 and 2.5 I 140.0000001 - 150 [ 150.0000001 - 200

m, sometimes even 3 m. The cause that induced these thickness variations is
the erosion surface, which pushed down the soil horizons to the detriment of
the silty deposit. The next level consists mainly of very fine and coarse
gravels, the last ones having the lowest rate. The matrix of these gravels
consists of sands and silts with a very low percentage of clay. Below the
gravels with red matrix, on a thickness of 1.5-2 m, there appear thin
alternations of sand and coarse gravel, with discontinuous red bands. From
this site, there were taken samples from the loess like deposit located
immediately below the soil profile as well as from the red gravel matrix.
From the neighbouring open pits, there were collected samples only from
the loess like deposit and the gravel matrix. Overall, there were analysed 8
samples. On the hydrogeological map 1:100 000, sheet 40d Cujmir (VLAD
& ROBU, 1981), this type of deposit is considered to have been formed in
the upper part the middle Pleistocene.

MATERIALS AND METHODS

Before starting the granulometric separation by sieving, the
samples of gravel, sand and red clay were left in a thin layer to get dry.
After drying, the agglomerations, reaching sometimes several centimetres in
thickness, of sand, clay and fine and very fine gravel, could be easily

.o

= 7 B Tipsomeiria (m)]

-170

{1 70,00000001 - 80

160 Il 200.0000001 -

peste 200 m

Figure 1.The hypsometric map of the
area surrounding the sampling site: a-
sampling site. (Original).

disaggregated in particles under 2 mm, due to the partial loss of water absorbed by the clasts, especially by the clay. The
next step was sieving using a sieve 2 mm mesh. After this stage, the pelitic fraction was obtained by centrifugation.
Through a series of chemical and physical processes, it is aimed at removingthe minerals, which do not belong to
phyllosilicates, as much as possible from the lutitic fraction. This removal allows a clear formation, at maximum intensities, of
the characteristic peaks of different phyllosilicates. In the detritic deposits containing clay or lutitic fraction, among the
minerals that should be removed, we mention quartz. carbonates, feldspars, iron oxides and hydroxides.

7
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The flocculation of clay minerals that can cause the formation of agglomerates larger thanImm in the natural
environment (HILL, 1998) leads to the increase of the background of the diffractograms and produces the reflexes of
diffuse diffraction. The phenomenon of aggregation of the fine particles in suspension is strongly influenced by the
existence of organic matter.

The removal of the organic matterwas carried out using the method proposed by KUNZE & DIXON (1986),
which requires the treatment with 10% hydrogen peroxide by successive additions up to its total removal, followed by
2-3 washings with distilled water.

The removal of the carbonates was made using diluted weak acids. attentively surveying the reaction, in
order to avoid, the exposure of the phyllosilicates to an acid environment, together with the removal of carbonates. as
this may affect their structure (OSTROM, 1961). In order to remove the carbonates from the analysed samples, we used
the method presented by RABENHORST & WILDING (1984).

The extraction of the fraction < 2p.After eliminating the causes that would prevent the dispersal of the
fraction < 2pm, it follows the deflocculation process. This is done by adding a dispersant, a very commonly used one
being sodium hexametaphosphate known under the commercial name of Calgon (JIPA, 1987).

For centrifugation, samples have to fill between a quarter and half of the glass tube: then, distilled water is
added, leaving a free space at its top to avoid spilling during centrifugation. The sample is centrifuged for 20 seconds
and, then, the solution is transferred into clean tubes. The new tubes are centrifuged for 10 minutes. After
centrifugation, a part of the solution is removed, so that to keep about 1 cm sample (solid + liquid) in the tube, and then
the remaining sample is homogenized. Of the <2 um fraction, 5 ml were used for the saturation with MgCI2 and S ml
for the saturation with KCI.

Cation saturation. There were used potassium chloride (KCI) and magnesium chloride (MgCi2), the samples
being covered by the solution of a chloride and then centrifuged 3 times. After the treatment, washing with distilled
water was performed 3 times to remove all the salts that cause the flocculation of the clay minerals.

Countsh
14.18592([A)
3600 — 10.18044 (A)
17,77887[A)
3.33707[A)
1600 7.17471(A)
3.56614([A
4.9839(A]
400 X
Mg
E
Position [2Theta] (Copper (C1)) 10 2 0

Figure 2. Diffractograms of the samples saturated with K'(K). Mg*' (Mg) and glycol ethylene (E) from the gravel matrix.

For ethylene glycol treatment, it was used a desiccator. There are added 100-200 ml of ethylene glycol in the
desiccator and the sample slides are placed on a ceramic plate. They are left in an atmosphere with ethylene glycol
vapours overnight or the desiccator is put in the oven at 60°C for at least 8 hours.

The heat treatment. The slides with samples were placed in an oven and heated at 330°C and 500°C for one
hour. Immediately after removing them from the oven, they were analysed to prevent the rehydration of the sample.

A set of the samples saturated with Mg” was left to get dry at 20°C, while the other set was treated with
ethylene glycol. Of the samples saturated with K™ there were made 3 sets of slides, 2 of them for the thermal treatment.
Diffractograms were obtained from a range of 20, 2-40° using a Philips XPert MPD diffractometer, with Cu (40 mA, 40
kV) anticathode, Ni filter, with Ka radiation with a wavelength of 1.5406 A, scanning step 0.01, step time |s/step, scan
range 2 + 80° 20. Diffraction data were analysed and processed using X'PertQuantify and X'Pert High Scoreprograms.
To obtain information about the amount of clay minerals identified based on X-ray diffractograms, it was used the
calculation method of MOORE & REYNOLDS (1997).

RESULTS AND DISSCUSIONS
On the diffractograms of the samples saturated with K', rendered in Fig. 2, we can observe the presence of

certain peaks comresponding to the interplanar distances with values of 14.18A, 10.18A, 7.17A, 4.98A, 3.56A and
3.33A.



Muzeul Olteniei Craiova. Oltenia. Studii §i comunicdri. Stiinfele Naturii. Tom. 30, No. 1/2014 ISSN 1454-6914

The diffractogram of the sample saturated with Mg’ presents the same intensity on most of the
aforementioned peaks. The exception is represented by the 14.18 A peak, where we can observe an increased intensity
of the response compared to the sample saturated with K".

By applying the treatment with the ethylene glycol, there is noticed the increase of the interplanar distance
from 14.18 A to 17.77 A, without any significant changes in the other peaks.

After heating the sample to 330°C, there is only a reduction of the intensity corresponding to the distance from
14.18 A (Fig. 3). After heating the sampleto 500°C, this reflex disappears and the same thing happens with the 7.17 A
and 3.56 A.

Based on the information, the clay minerals identified in both the gravel matrix and in the loess like deposits
are kaolinite, smectite and illite.

lllite was identified according to the characteristic reflexes for the interplanar distances of 10.1 A, 4.98 - 5.01
A, 3.33 A and 2.89-2.92 A. Other characteristics of illite are lack of expansion and retention of the reflex plane (001)
after the treatment with ethylene glycol and heating to 500°C .

Counis

14.18592([A])

3600 — 10.18044[A)

3.33707([A)
3.56614([A]

7.1741[A]

4.9839([A)

Position [*2Theta] (Copper (Cu)) 1:3 2{] il] I

Figure 3. Dilfractograms of the clayish [raction from the gravel matrix. saturated with K*. (K). heated at 330°C (K300) and
500°C (K500).

The reflexes according to which kaolinite can be identified are those corresponding to the basal distance d
(001) ranging from 7.15 to 7.20 A and, when they are well crystallized, based on the doublets from 4.17-4.12 A and
3.144-3097 A (MATEI, 1986). Other features of the kaolinite are the lack of swelling, as well as in case of illite, when it
is treated with ethylene glycol, structural collapse by heating to 500°C, the consequence of which is the total
disappearance of kaolinite reflexes.

The term of smectite used in this paper refers to a clay phase with a structure of the type 2:1, dioctaedric and
expandable. This was identified by taking into account that the basal distance of smectite is 14-15 A. Another feature
used for the identification was swelling induced by the treatment with organic molecules, resulting in the corresponding
reflexes d (001) with values of 17-17.7 A.

The value of 14 A can also indicate the presence of chlorite or vermiculite minerals, but in their case, the
swelling is not observed after the treatment with ethylene glycol. In addition, chlorite keeps the same basal distance
after the 300 and 500°C heat treatments.

In case of typical smectites, after heating at 500°C, the basal distance decreases to 9.4-10 A (the same as in
case of illite), depending on the nature of the interfoliar cations.

In Fig. 3, it can be seen how the reflex from 14 A of the saturated sample decreases in intensity after heating to
330°C, while at 500°C, it does not reach the value of 10 A, but remains at the value of 12.29 A.

The presence of a broad peak in the range 14 to 15 A, which collapsed partly as a result of the heat treatment, it
can be interpreted according to BARNHISEL & BERTSCH (1989) as coming from a hydroxy-interlayered smectite.
Such interstratification, according to the same authors, is a solid solution with smectite and chlorite as extreme terms.
Their formation is primarily due to the penetration of the expandable clay minerals, of the polymers of aluminium
hydroxides in the interlamellar space (OLSON et al., 2000).

The percentages of the clay minerals in the pelitic fraction separated from the red loess like deposits from
Cetateare 4% kaolinite, 16% smectite, 80% illite. In the matrix of the red gravels, there are present the same minerals
with as lightly different quantitative share: 5% kaolinite, 22% smectite, 73% illite. The other samples show percentages
close to the afore mentioned values, the average being 76% illite, 19% smectite, 5% kaolinite.

CONCLUSIONS

The clay minerals identified in the study area are illite, smectite and kaolinite. According to the behaviour
observed after the treatment with ethvlene glvcol and heat. smectite seems to be partly chloritized.
9
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The participation of the three minerals in the clay sized fraction is approximately uniform, illite having a share
of over 70%, smectite of 15-25% and kaolinite of 4 or 5%.

At Cetate, it is observed the decrease in the smectite content of the fraction < 2pum in higher, loess like deposits
compared with the lower ruditic deposits. The illite content varies inversely as compared with that of smectite,
increasing in the upper horizons. This quantitative difference is not very large (a few percents), but it was found in all
the analysed cases. The abundance of smectite in the ruditic layers can be explained by the petrographic diversity of the
clasts, which can provide the cations necessary to the formation of the network of these minerals, or by the size of the
smectite crystals, which are smaller than those of illite, and, thus can be easily moved to lower levels.
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THE USE OF IR SPECTROSCOPY FOR THE STUDY OF RED QUATERNARY
DEPOSITS FROM VALEA LUNGULUI AREA (DOLJ COUNTY, ROMANIA)

NEGREANU Stefan

Abstract. The investigated samples were taken from the left bank of the Raznic river, about 4 km upstream of its confluence with the
Jiu river, from the red loess deposits and from the ruditic matrix of certain deposits of the same colour. Comparatively with the X ray
diffraction. IR spectroscopy presents lower possibilities of identification of the minerals in the pelitic fraction. but. it can be
successfully used for coarser fraction and easier identification of the quartz or carbonates. Regarding the clay minerals, this method
enabled the identification of kaolinite, while the presence of the radiation absorption characterized by frequencies corresponding to
Al-Al-OH bonds suggests the presence of dioctaedric minerals such as illite and/or smectite. For a precise understanding of the
conditions of analysis. there are presented the methods used for this purpose.

Keywords: clay minerals. loesslike deposits. IR spectroscopy.

Rezumat. Folosirea spectroscopiei IR pentru analiza depozitelor rosii cuaternare, zona Valea Lungului (judetul
Dolj, Roménia). Probele investigate au fost recoltate de pe malul stang al raului Raznic. la aproximativ 4 km amonte de confluenta
acestuia cu Jiul, din depozite loessoide de culoare rogcatd si din matricea unor depozite ruditice de aceeasi culoare. Comparativ cu

succes in cazul fractiei mai grosiere unde se identifica cu usurinta cuartul sau carbonatii. In ceea ce priveste mineralele argiloase. prin
utilizarea acestei metode a fost identificat caolinitul. iar prezenta absorbtiei radiatiei cu frecvente corespunzatoare legaturilor Al-Al-
OH sugereaza prezenta unor minerale dioctaedrice de tipul illitului si/sau smectitului. Pentru o intelegere exactd a conditiilor de
analiza sunt prezentate metodele utilizate n acest scop.

Cuvinte cheie: minerale argiloase, depozite loessoide, spectroscopie IR.

INTRODUCTION

10 km W-NW of Craiova, on the left side of the road linking
Craiova to Valea Lungului settlement, there are two outcrops with
thicknesses of up to 1lm. The coordinates of the sampling site are
44°20'58" N and 23°40'15" E (Fig. 1). At the bottom of these outcrops, on a
thickness of 2-2.5 m, there can be found yellow-reddish gravels mixed with
sands, while towards the top, this layer gets gray. Gravels are generally very
fine to medium in the area, the clasts of coarse gravel or small cobbles
representing 20%. There can be also found small lenses or layers of gray
deposits that appear to be silts or clayish silts. Gravels and sands are heavily
pigmented by black compounds present in the outcrop on a thickness of 50
— 75 cm and a length of 20 m, which are disposed in oblique bands. There
follows a level composed of coarse and medium gravels dispersed in a
mainly reddish-yellowish, medium - coarse sand mass. Above this level, on
a thickness of 1.5 m, there appears a loess-like deposit, which has
approximately the same colour as the previous one, located just below the g
soil profile. hipsometria (m)
The samples were taken from the two outcrops, namely the basis — BESEE) 70.00000001 -
of the last level and the matrix of the reddish yellowish gravel that forms |HEM s0c0o0001- 40 [ 800000001
the lowest observed level. There were analysed four samples. ,- B — ?O‘mm"
. 3 G 50,00000001 - 60 [ 1000000001 -
On the geological map 1:200 000, sheet 41 Craiova (MIHAILA et

"] 60,00000001 - 70 [EE: 110.0000001 -

al.), these deposits are indicated as being of lower Pleistocene age. 7 1200000001 - 130 [ 170.0000001 -
130,0000001 - 140 [l 180.0000001 -
MATERIALS AND METHODS 1400000001 - 150 [l 1900000001 -

150,0000001 - 160 J Il 200.0000001 -
160,0000001 - 170 [l pesie 200m

The samples of gravels, sands and red clays were left in a thin ,
layer to get dry before starting the granulometric separation by sieving. Figure 1.The hypsometric map of the

After this stage, the pelitic fraction was obtained by applying the pipette area surrounding the sampling site: a-
method. The sample dispersal for taking samples based on the pipette sampling site. (Original).

method was made according to the recommendations made by Krumbein in
1933 and presented by JIPA (1988): thus, samples are heated in distilled water up to the boiling point, without allowing
the solution to boil. The heated solution was obtained by mixing about 500-750 grams of fraction smaller than2 mm,
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obtained by sieving, with about 8-10 litters of distilled water. After heating, from the sedimentation cylinders. it was
collected the solution by pipetting, using the data rendered by JIPA (1988) and JACKSON & BARAK (2005).
The layer of about 2-3 cm of suspension obtained in this way was left in an oven at a temperature of 50°C. in
covered glasses, until water evaporated. The remaining material was milled in an agate mortar and then analysed as powder.
The samples were analysed in the form of disks obtained by pressing a mixture of KBr and clay fraction. The
mixture used to obtain the disks contained 2 mg sample and 200 mg KBr (MADEJOVA, 2001). For a clearer
observation, at a second analysis of the absorption spectra in the range of 3000-3800 cm’', the samples would have to be
dried at 150°C over night. As this stage in sample preparation missed, there appeared the spectrum of adsorbed water in
the aforementioned region of the spectrum, covering part of the absorption lines useful in the identification of clay

minerals. The infrared spectra were obtained with BrukerOptics FTIR spectrophotometer, which, for the range 374-
4000cm’', obtained 2,531 frequency-intensity of absorption couples.

RESULTS AND DISSCUSIONS

The IR spectra performed on the samples taken from the two outcrops indicated the presence of the same
absorption bands, minor differences being identified only in terms of their intensity.

The frequencies corresponding to the Si-O-Si bond, 430cm™’, with high and medium absorption intensity, were
identified in all the analysed samples. This frequency is absorbed by both montmorillonite and illite, but the intensity is
significant only in case of kaolinite. Consequently, this band was attributed to the presence of kaolinite.

The absorption around 470 cm’™', also generated by Si-O-Si bonds, can not provide clear information on the
mineral responsible for its appearance, because both kaolinite and montmorillonite show strong absorption rates in this
area. However, the values, which always maintained above 470 cm™', may also indicate kaolinite, as montmorillonite

displays slightly lower values.

The vibrations corresponding to the frequencies of 535 cm™originate from the bonds of the type Al-O-Si
(STUBICAN & ROY, 1961) from the network of several clay minerals and, in this case, they cannot provide clear
information on a specific mineral.

At 696 cm’', it is indicated the presence of the bond Si-O-Si, a bond which is also non-specific.

|
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Figure 2. IR absorption spectra for the samples taken from the gravel matrix (Valea Lungului 1) and the loess like deposit

(Valea Lungului2): on the horizontal axis. there are rendered the wavenumbers in em™.
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In Fig. 2. it is rendered the absorption spectrum for the sample taken from the matrix of lower yellow reddish
gravel (Valea Lungului 1); the absorption band with an intensity reduced from 712 ecm™ is characteristic for the C = O
bond from carbonates.

The absorption doublet at 779 cm™ and 798 cm™ is diagnostic for quartz. In the samples taken from Valea
Lungului, the absorption intensity is weak and there appear only wide inflections. This indicates the extremely reduced
presence of quartz.

The weak and very weak absorption at 755 cm™ was present in all the samples, but it cannot be used to identify
the minerals that generated it.

The vibrations with the frequency of 875 cm™ are deformation vibrations, out of the plane, of (CO;)*
(MADEJOVA & KOMADEL, 2001). For the absorption in the range 1382-1440 cm’', the specialize literature also
indicates carbon-oxygen bonds: 1430 cm™ stretching vibration (CO3)” of calcite, MADEJOVA & KOMADEL (2001);
1410-1490 cm™ frequencies that indicate (CO3)*COATES (2000); 6.90 to 6.97 um (1449-1435cm™), bands considered
to belong to the group (CO3)", HUANG & KERR (1960); 1384 cm™' stretching vibration of the bond C = O of the
inorganic carbonyl group, JACKSON (1998); 1365 cm', the stretching vibration in the bicarbonate ion COO",
YRUELA et al. (1998).

The frequencies of 875 cm™ and the 1382-1440 cm™ range suggest the presence of carbonates, most probably
of calcite. The frequencies of 913-915 cm'are absorbed byAl-Al-OH vibrations characteristic to the networks of
montmorillonite, kaolinite and illite, showing strong absorption (40-80%) in kaolinite and average absorption (20-40%)
in montmorillonite and illite, MATEI (1988). In all the analysed samples, the intensity was average, which would
suggest the presence of montmorillonite and illite. The absence of a strong intensity at this frequency does not exclude
the presence of kaolinite, which was indicated by the absorptions in the range of 430-538 cm™, but it is present in
smaller amounts compared to illite and/or montmorillonite.

The inflection around the value of 1010 cm™, which follows, occurs in case of illite and montmorillonite. The
maximum intensity of absorption registered at 1030-1034 cm™ was attributed to illite, based on the conclusions drawn by
HUNT et al. (1950), who distinguishes it from montmorillonite, indicated by the vibration absorption of 1041.66 cm™
according to the same author.

The range present in all samples in the interval 1080-1106 cm™' may indicate montmorillonite and/or illite,
MATEI (1988). At values above 3000 cm™, only two frequencies can be used, one at 3620 cm™', absorbed by all the
three aforementioned clay minerals and 3696-3699 cm’', which is a diagnostic band for the mineral kaolinite
(FARMER, 1964). The 1640 cm™ and 3620 cm™' bands are assigned to the deformation vibrations, respectively the
stretching vibrations of OH groups, belonging to the molecules of water (FARMER,1974).

CONCLUSIONS

Mineralogically, based on IR spectra, we can say that the analysed samples contain very small amounts of
quartz and carbonates, probably calcite. The significant absorption in the range 1382-1440 cm™ in the analysed samples
from Valea Lungului is due to the frequent presence of rolled calcareous concretions,very poorly cohesive, in these
deposits. These concretions led to the increase of the carbonates present in the concretions from which the
aforementioned samples were separated. Kaolinite is present, without exception, in all the analysed samples, but it does
not display the maximum intensity of the characteristic doublet 1012 cm™' and 1032 cm™', which indicates the fact that
the kaolinite amount is lower than the amount of the other two clay minerals.

Illite seems to be the dominant mineral, while montmorillonite, which shows similar bands of absorption, was
not clearly indicated.

The presence of the bands characteristic to the vibration of the bond Al-Al-OH shows that the identified clay
minerals are thus dioctaedric, such positions being occupied mostly by AI*".
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FUSTEICA CAVE: A GEOLOGICAL APPROACH

GHENCIU Monica

Abstract. Among the caves in the northwestern part of Oltenia. Fusteica Cave is peculiar by the linear aspect of the ENE-WSW
trended gallery and by the presence of a large volume of gravels with sandy-argillaceous matrix draping its entire length. Structural
data on the fault plane along the gallery and the associated [issures in the host carbonate massive. related with the cave morphology
and the underground waters drainage. support the tectonic control of the karstification processes. Petrographic data on pebbles from
gravels and XRD data on argillaceous fraction from matrix show that the source area of the sedimentary fill is the Tismana granite.

Keywords: Fusteica Cave. tectonic control. source area.

Rezumat. Pestera Fusteica: o abordare geologici. intre pesterile din nord-vestul Oltenici. Pestera Fusteica se individualizeaza
prin aspectul liniar al galeriei. cu directie ENE-WSW. si prin prezen{a unui volum mare de pictrisuri cu matrice nisipos-argiloasa pe
toatd lungimea sa. Date structurale privind planul de falie din lungul galeriei i fisurile asociate din masivul carbonatic gazda.
corelate cu morfologia pesterii §i drenajul apelor subterane. sustin controlul tectonic al proceselor de carstificare. Date petrografice
privind galetii din pietrisuri §i date de difractiec RX obiinute pe fractia argiloasad din matrice arata ca aria sursd a umpluturii
sedimentare este granitul de Tismana.

Cuvinte cheie: pestera Fusteica. control tectonic. arie sursa.

INTRODUCTION

Fusteica Cave is located in the carbonate massive in the southwestern extremity of the Vilcan Mountains, Gorj
County, Isvamna village. It is an easily accessible cave, with a width of 3 m and 5 m high entrance, located at 216 m altitude.
The gallery has 1270 m in length, with +10 m difference in level. Characteristic for this cave is the linear development on a
single gallery with ENE-VSYV general direction (Fig. 1b), the height of which varies from 2.5 m to 7 m. Over its entire length,
there are thick deposits of red terrigenous sediments, well preserved near the walls. The present paper tries to demonstrate the
important role of tectonics in the cave formation and to contour the source area of its sedimentary fill.

GEOLOGIC AND TECTONIC SETTING

Fusteica Cave is developed in Barremian-Aptian limestones representing the upper term of the carbonate
Mesozoic cover lying on the metamorphic-magmatic basement of the Valcan Mountains. The basement rocks mainly
consist in amphibolite gneisses of the Dragsan Series, mica gneisses and micashists of the Lainici-Paius Series, and
granitic rocks of the Tismana batholith. The sedimentary cover in Fusteica Cave region is directly lying on granites.

The Tismana batholith consists in porphyritic granites with K-feldspar (microcline) phenocrysts, diorites,
granodiorites and aplitic granites (BERZA, 1978). The granitic rocks in Fusteica Cave area are covered by Lower
Jurassic clastic formations represented by conglomerates and quartzo-feldspathic sandstones with interbedded silty
clays, Middle Jurassic-Aptian carbonate formations, and Cenomanian-Middle Turonian formations, represented by
marls, marly limestones and silty clays (POP et al., 1975). The lower part of the carbonate formations (Middle Jurassic-
Neocomian) mainly consists in bedded limestones and dolomites while the upper one (Barremian-Aptian) is bearing
massive Urgonian limestones (POP, 1973).

In the Alpine nappe system of the South Carpathians, result of the Middle Cretaceous (Austrian) and Late
Cretaceous (“Laramian™) tectogeneses, the Vidlcan Mountains belong to the Lower Danubian Units (IANCU et al.,
2005). In Tismana - Baia de Arama region, the Valcan Mountains join the bending area of the South Carpathians due to
the Moesian microplate translation towards WNW, accommodated by Pre-“Laramian” compressions and Post-
“Laramian” lateral faults (AIRINEI, 1983). Such lateral faults are E-W to ENE-WSW trended in the northern part of the
Mehedin{i Plateau, and ENE-WSW to NE-SW trended in the southwestern part of the Vilcan Mountains, some of these
being seismically active (ATANASIU, 1961). For our discussion, the most important faults in this region are the
lzverna fault, the Balta-Baia de Arama tectonic trench, and the Motru fault (Fig. 1a).

The movement on the [zvemna fault is a dextral strike-slip, with E-W direction on lIzverna-Ponoarele sector and NE-
SW direction on Ponoarele-Apa Neagra sector, where the fault joins Balta-Baia de Arami tectonic trench, with the same
direction and sense of movement (IANCU et al., 1986). The ENE-WSW to NE-SW trended faults on the southwestern border
of the Valcan Mountains must represent the eastward prolongation of both lzverna and Balta-Baia de Arama faults.

The two faults are intersected by the Motru fault on the Motru Valley, near Apa Neagra village, where the
carbonate rocks show an extreme cataclastic deformation, visible in the quarry on the right slope of the valley. The
movement on the Motru fault is a normal dip-slip, with the eastemn block of the Vilcan Mountains up-lifted towards the
western block of the Mehedinti Mountains and Plateau. A lot of secondary parallel faults occur in the up-lifted tectonic
block affecting both the Tismana batholith and its sedimentary cover.
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Figure 1b. Fusteica Cave. After BURGHELE-BALACESCU &
AVRAM (1966).
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Figure 1a. Simplified geological map of Tismana-Baia de Arama
region. After NASTASEANU et al. (1968) and POP et al. (1975). 1-
Tertiary sedimentary deposits; 2 - Getic Nappe: 3 - Severin Nappe.
Danubian Mesozoic cover: 4 - Cenomanian-Middle Turonian non-
carbonate cover: 5 - Middle Jurassic-Aptian carbonate cover: 6 -
Lower Jurassic sandstones and conglomerates. Danubian basement:
7 - Tismana granite: 8 - Lainici-Paiug Series. 9 - Fusteica Cave: 10 -
Apa Neagra Quarry. Abbreviation: BBT - Balta - Baia de Arama
tectonic trench: IF - Izverna fault; MF - Motru fault.

TECTONIC CONTROL OF THE KARSTIFICATION

The ENE-WSW general direction of Fusteica Cave is coincident with the direction of a fault plan measured at
the gallery entrance. The linear geometry of the gallery and its angular transverse cross section, of a tight and tall
corridor with ogival ceiling (Fig. 2a), suggest the tectonic control of the karstification processes leading to the cave
formation. The few issued data on this topic suggest the cave was formed along stratification and related fissures
(BURGHELE-BALACESCU & AVRAM, 1966).

Figure 2. Thick deposits of weakly consolidated gravels with sandy-argillaceous matrix in Fusteica Cave: a) general view:
b) detail with calcareous (angular, gray) and silicates (rounded. dark) pebbles (photo: C. Munteanu).

Without denying the role of bedding in the water infiltrations inside the carbonate rocks, 1 consider that the
faults are more important structural discontinuities for karstification. A strong reason for the tectonic control of
karstification is the NE-SW underground drainage of karstic waters on the southwestern border of the Valcan
Mountains, across the natural stream of surface waters (RADULESCU et al., 1987) but coincident with the main
tectonic lines in this area.

Preliminary structural measurements in the carbonate massive hosting Fusteica Cave show that the directions
of the planar discontinuity correspond to the directions of the gallery sectors diverting from the general direction ENE-
WSW. The structural discontinuities at the entrance of the gallery and Apa Neagra quarry, represent:

- a fault plane along the cave, with NE/ENE-SW/WSW direction (340°/80°);

- low-angle shear fissures, with NE/ENE-SW/WSW direction (170°/60°);
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- tension fissures, with NW-SE direction (50°-60°/40°-55°);

- bedding surfaces, with NNE-SSW direction and ESE dip (110°/20°-40°);

- fissures parallel to the Motru fault, with N-S direction (270°/70°).

The low-angle shear fissures and the tension fissures are genetically related to the fault along the cave. Their
orientation towards the fault plane shows a dextral strike-slip movement in transpressive tectonic regime (e.g.
SANDERSON & MARCHINI, 1984). Quite informative, these data point out the role of tectonic discontinuities in the
cave formation, more important than the role of stratification.

SOURCE AREA OF SEDIMENTARY FILL

The sedimentary fill of Fusteica Cave consists in thick deposits of gravels well preserved near the walls (Fig.
la), with quartzo-feldspathic sandstones, microconglomerates, limestones and granites pebbles into a red sandy-
argillaceous matrix (Fig. 2b). The sandstones and the microconglomerates contain many clasts of quartz and microcline
and lithoclasts of granites. The microscope examination of the granitic pebbles shows the biotite chloritisation and the
advanced sericitization of plagioclase, contrasting with the fresh microcline (Fig. 3). The selective alteration of
feldspars is a characteristic process for the Tismana granite. It is clear the granitic pebbles were provided by the
Tismana batholith, directly or reworked from detrital sedimentary formations lying near the cave, Early Jurassic
(“Lias™) in age or younger (Miocene and Pleistocene).

Figure 3. Microphotographs (N+, 30x) in pebbles from gravels: a) microconglomerates with rounded clasts of K-feldspar;
b) aplitic granite (original).

The XRD analysis of the matrix pointed out the presence of K-feldspar, quartz and clay minerals. In the
argillaceous fraction separated from matrix there were identified illite (67.5%), kaolinite (18%), vermiculite (8.3%),
smectite (5.5%) and chlorite (0.7%). Quantitative information exclusively refers to proportions among clay minerals.

The high illite proportion in the argillaceous fraction is the result of the advanced sericitization of plagioclase
in the Tismana granite (Fig. 4a). The fact that the K-feldspar is fresh (Fig. 4b), especially the microcline, explains why
this is the most non-argillaceous mineral in the composition of analysed samples, beside quartz.

Figure 4. Selective weathering processes in the Tismana granites: a) general view:
b) detail with sericitised plagioclase and fresh microcline. Microphotographs (N +. 30x) (original).
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CONCLUSIONS

The karstification processes that led to Fusteica Cave formation were tectonically controlled by a fault plane
trended ENE-WSW on Apa Neagra sector, representing the [zverna fault prolongation eastward from the Motru Valley.
The fault plane is accompanied by fissures of tectonic origin along which different oriented sectors of gallery formed. A
small part of these short sectors formed on stratification. Other arguments for tectonic control are the galley
morphology and the ENE-WSW direction of the underground waters drainage on the southern slope of the Vilcan
Mountains, coincident with the gallery direction.

In an advanced stage of its development, Fusteica Cave was completely or almost filled with sediments. This
event probably took place during the Pleistocene, when the host carbonate massive was covered by fluviatile gravels,
now preserved as remnants of the Gornovi{a surface erosion (POP et al., 1975), at 400 m altitude, more than 100 m
higher than their outcropping level in the Motru Valley. For the transportation and the deposition of such a large volume
of sediments to the entire length of the gallery, an important stream water was required, also involving a westem
entrance, now buried by the Pleistocene gravels in the Motru Valley.

The petrographic and mineralogical study of the sediments from Fugteica Cave shows that the main source
area is the Tismana batholith. The cataclastic deformation related to fractures favoured the weathering and erosion
processes in order to supply the detrital material.
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NEW CONTRIBUTIONS TO THE CIOCADIA MIDDLE MIOCENE FLORA
(PART THREE)

PARASCHIYV Valentin

Abstract. Deciduous broad-leaved woody plants such as Quercus diymeja Unger. Quercus gigas Goeppert emend. Walther & Zastawniak.
‘Castanea’ kubinyii Kovals ex Lttingshausen sensu Knobloch & Z. Kvacek. and Fagus silesiaca Walther & Zastawniak ([Fagaceae) are
established for leaves imprints from the middle Miocene Ciocadia Valley deposits of Southern Carpathian Foredeep, Romania. Well
preserved plant fossil assemblages are to be found in rhythmically banded marlstones of marine shallow-water origin. The fossil plant record
provides further evidence for the existence of rich warm temperate forests (comparable to the present Mixed Mesophytic Forest biome) with
numerous exotic or endemic taxa. Carefully descriptions and documented revisions are made for the Fagaceae family representatives in the
Ciocadia Valley paleoflora and various taphonomic. palacoecological and palacobiological aspects are discussed.

Keywords: leaf architecture. insect-plant interactions. damage types (DTs). Fagaceae.

Rezumat. Noi contributii la flora miocen medie de la Ciocadia (partea a treia). Plante fosile arborescente. cu frunze late.
apar{inand taxonilor Quercus drymeja Unger. Quercus gigas Goeppert emend. Walther & Zastawniak. ,. Castanea ™ kubinyii Kovats
ex LEttingshausen sensu Knobloch & Z. Kvacek. si Fagus silesiaca Walther & Zastawniak (Fagaceae) sunt descrise pe baza
amprentelor foliare descoperite in depozitele Miocenului mediu ce afloreaza pe Valea Ciocadia. localizata in sudul Avanfosei
Carpatilor Meridionali. Roméania. Aceste asociatii de plante fosile. excelent conservate. au fost gasite in roci carbonatice laminate, de
tipul marnelor cenusii. acumulate in zona litorala a paleo-oceanului denumit Paratethysul Central. Punerea in eviden{a a acestor
resturi de plante fosile ofera dovezi suplimentare referitoare la prezenta in trecut pe teritoriul Romaniei a unor paduri temperate si
calde (comparabile cu asa-numitul biom actual al padurilor mixte mezofitice), cu numerosi taxoni exotici si/sau endemici. in acest
articol au fost efectuale diagnoze precise si revizuiri documentate doar asupra reprezentantilor lamiliei Fagaceae prezenti in
paleoflora Vaii Ciocadia si au fost discutate diverse aspecte legate de tafonomia. paleoecologia si paleobiologia acestora.

Cuvinte cheie: arhitectura foliara. intcractiuni mutuale plante-insecte. tipuri de distrugeri ale frunzelor. Fagaceae.

INTRODUCTION

This investigation was based on specimens from three genera, namely Quercus, ‘Castanea’ and Fagus which
co-occur in the Middle Miocene flora of Ciocadia. Now, new analyses of the gross morphological features of the plant
remains show that the material previously described (by PARASCHIV & SEBE 2011) as Quercus kubinyii Kovits ex
Ettingshausen must be re-assign to ‘Castanea’ kubinyii Kovats ex Ettingshausen sensu Knobloch & Z. Kvagek. In the
matter of Fagus remains there is no indication of more than one species of this genus.

MATERIAL AND METHODS

Besides their remarkable preservation as cleavage impression-compressions, the number of plant specimens from
Ciocadia site is quite high and strongly suggestive of a very short transport (arguably of order of kilometres), although it can
also be imagined that such a concentration has resulted of some eddy (turbionar) process. Leaves are preserved either parallel
to the stratification or they lie at some angle to it (reworked hydrodynamically). Fine morphological features are often visible;
cuticles are not preserved. For analytical observations and studies of the fossil plant remains, a Carl Zeiss - Jena Technoval
Stereo Microscope (Binocular) was used, followed by examination of the literature. The repository place for the studied
specimens is the National Museum of Geology of the Geological Institute of Romania, Bucharest. Systematic organization
and taxonomic terminology in this article are based on the works of KUBITZKI (1993) and TAKHTAJAN (2009). Leaf
remains were analysed morphologically according to the terminology proposed by HICKEY (1979) and WING et al., 1999.

RESULTS IN SYSTEMATIC PALEOBOTANY

Subinfradivision Angiospermae Brown & Doell ex Doell 1857 (=Magnoliophytina Cronquist, Takhtajan &
Zimmermann [966)

Class Dicotyledoneae de Candolle 1819 (=Magnoliopsida Brongniart 1843)

Subclass Hamamelididae Takhtajan 1967

Order Fagales Engler 1892

Family Fagaceae Dumortier 1829

Genus Quercus Linnaeus 1753

Quercus drymeja Unger
Text-fig. Id
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1847 Quercus drymeja Unger, Chloris protogea, p. 113-114, P1. 32, Figs. 1-4.
2011 Quercus drymeja Unger; Z. Kvacek, Teodoridis & Roiron, p. 30-31, PI. 6, Figs. 1-6; P1. 11, Figs. 11-13; PL. 17,
Figs. 4-5.

Material. Complete slender lamina: BC1.0134.

Description. Leaf simple, ovate lanceolate (spear-shaped), 76.8 cm long and 1.8 cm wide (microphyll 2 to
microphyll 3), with incomplete base and no petiole preserved, slightly asymmetrical; base angle acute, apex prolonged,
acute to acuminate, leaf margin toothed, simply serrate, with regular or irregular acute, blunt to spiny teeth, distinct,
rarely disposed, with zigzag feature, deep sinuses with shape rounded (Urticoid-Hamamelid Tooth Type, Z. KVACEK
et al., 2011); venation simple craspedodromuos, with primary vein distinct, sinuate, strongly arcuated in the base
(proximally) but also in the distal part, where the lamina become progressively narrowed; secondary veins thin, pinnate,
alternate or opposite (in the apical part), arciform, 10-11 pairs, inserted at angles (from the base to the apex) of 50°-
40°- 30° towards the median vein, the secondary veins run out till the simple teeth of the margin; tertiary veins, when
are visible, alternate percurrent, venation of the higher orders not obvious.

Remarks and discussions. In the upper third, the lamina it is slightly folded under itself (laminar contortion)
due to the arrangement or reworking of leaves during or after emplacement at the sediment-water interface. The leaf
described was infected by ovoid dark blister-like areas, < 3 mm maximum diameter, thoroughly carbonized and
randomly disposed all over the lamina. This could represent the major foliar diseases of oak trees when they are
attacked by fungal spores. Our specimen has several points of similarity to Q. drymeja diagnosed by UNGER (1847),
namely the narrowly lanceolate lamina, the acuminate apex, the asymmetrical shape, the spiny teeth, the number and
type of secondaries or the angle between these and midrib, which makes specific assignment to the discussed
morphospecies more precise. Quercus drymeja is one of the most common Miocene sclerophyllous oaks of the Central
Europe and Mediterranean area (BOZUKOV et al., 201 1; KOVAR-EDER et al., 2004).

Thermophilous palaeotropical element which displays xeromorphic features, such as the serratures or teeth
terminated by spines, (. drymeja was adapted to warm and dry climate from coastal and low mountainous areas. The
relatively dry habitats of the mountain slopes, with low species diversity, were occupied by xeromesophytic elements
(or hemixerophytic, cf. NAKHUTSRISHVILI 2013), where Q. drymeja may flourish sufficiently distinct to rank as
representative species.

The nearest living relative of Q. drymeja can be traced (GRANGEON, 1958; Z. KVACEK et al., 2002) in the
group of the extant Quercus sartorii Liebmann (from Mexico, native in tropical mesic forests of mountain slope, at
1000-2000 m), or Quercus serrata Murray, from deciduous forests situated below 2000 m in China, Japan and Korea.
According to UNGER (1847) and PALAMAREYV & TSENOV (2004), Q. drymeja has also affinities with Q. lancifolia
Schlechtendal & Chamisso (endemic to the upper elevations, of 700-2400 m, in tropical forests located in the central
and southern Mexico (Veracruz, Chiapas), Guatemala, Costa Rica, Panama, Honduras, and Nicaragua), Q. xalapensis
Humboldt & Bonpland (from Mexico, native in tropical mesic forests at elevation of 1500 m above sea level), or Q.
libani G. Olivier (‘Black forests’ of mountain areas from Lebanon and Syria, Asia Minor (eastern Turkey, and northemn
Iraq and Iran), a semi-shade deciduous or semi-evergreen shrub or tree).

Occurrence of Q. drymeja leaves in the fossil floras of Romania: Miocene-Slitioara, Vilcea County
(wrongly designated Quercus kubinyii (Kovats ex Ettingshausen) Czeczott, PARASCHIV 2006); Pannonian B-C Valea
Neagri de Cris (Valea Crisului [ & II), Bihor County (GIVULESCU 1962); Pannonian E-Delureni (Beznea), Bihor
County (GIVULESCU 1983); Early Pontian-Cornitel, Bihor County (GIVULESCU 1957); Early Pontian-Gheghie,
Bihor County (GIVULESCU 1960); Late Pontian-Late Dacian (Early Pliocene) Carbunesti, Prahova County
(denominated as Quercus aff. Q. drymeja Unger, GIVULESCU 2001).

Quercus gigas Goeppert emend. Walther & Zastawniak
Text-fig. la-c

1991 Quercus gigas Goeppert emend. Walther & Zastawniak, p. 160-169, Text-figs. 3-7; Pl. 4, Figs. 1-3; P1. 5, 6, 7,
Figs. 1-3; P1. 8-10.

Material. Laminae incomplete: BC1.0127, BC1.0330, BC1.0250.

Description. Incomplete leaves and fragments, simple, slightly asymmetrical, oblong to obovate, ?10 (?11;
25.5) cm long and ?2.7 (?4.7; 74.2) cm wide (microphyll 2 to microphyll 3); without base preserved, and acute apex;
leaf margin toothed, simple serrate, with mostly large and variable (coarse, hooked) wavy teeth, sometimes triangular,
up to 4 mm high and 13 mm wide at the base, upcurved-flexuous (apical sides of teeth concave and basal sides convex),
acute or acuminate-spinose (abruptly pointed to spine-tipped), deep sinuses with shape rounded (Urticoid-Hamamelid
Tooth Type), apical angle of teeth acute to obtuse, regularly or irregularly spaced; venation simple craspedodromous,
with primary vein straight, strong, up to 3 mm thick, tapering upward: secondary veins obvious, strongly pinnate (the
secondary veins branch off at orderly intervals from the main central vein), at least 10 pairs, regularly-spaced,
branching from midrib at intervals of 5-10 mm and at an divergence angle of 60° (median region), they are mostly
opposite, passing through subopposite to altemnate in the apical zone, running straight, slightly flexuous upwardly, but
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reversing its arching distally and crossing into long bristle-pointed teeth; tertiary veins when are visible, percurrent,
more or less perpendicular to the secondaries.

Remarks and discussions. Although Quercus gigas presents an expanded diagnosis, WALTHER &
ZASTAWNIAK (1991) strengthen the belief in the validity of this fossil species. The fossil oak leaves outlined great
morphological variation, and in the Q. gigas type is now included Q. kubinyii Kovats pro parte, Q. pontica miocenica Kubat,
0. czeczottiae Hummel, and Castanea atavia Unger (WALTHER & ZASTAWNIAK, 1991). According to the same authors,
Q. gigas may be related with the today living species of the monophyletic Group (Section or Subgenus) Cerris (Spach)
Oersted, common in significant areas of Europe, Asia, and North Africa. Q. gigas is considered an important arctotertiary
element of the Middle-Late Miocene floras in Europe (SONG et al., 2000; Z. KVACEK et al., 2011). It was a representative
broad-leaved deciduous element of warm-temperate mixed mesophytic forests (part of the zonal vegetation or climax
vegetation of Quercus zone) from drier areas, in the middle altitude mountains to foothills. As noted by Z. KVACEK et al.
(2006), Q. gigas may occur partly on intrazonal (azonal) formations, probably riparian mixed forests, with Ulnus spp., Acer
spp.. Cedrelospermum spp., Juglans sp. and Fraxinus macroptera. This paleocommunity of sub-mountain to mountain
forested wetlands was able to support dynamic groundwater near to surface, or short-term flooded sites, but never
waterlogged.

The earliest verified macrofossils of Quercus are discovered in the Warman clay pit (Middle Eocene Claiborne
Group), from western Tennessee, U.S.A., as staminate inflorescences (catkins) of Q. oligocenensis Daghlian & Crepet
(WANG et al., 2013). Confirmed presence of fossil staminate flowers and pollen, belonging to either Quercus Group
Quercus or Lobatae, is documented by CREPET (1989) from the Upper Eocene Baltic Amber (Prussian Formation).
DENK et al. (2012) describes dispersed pollen belonging to Quercus Group llex from the Lower Oligocene (Rupelian)
of Cospuden (Saxony, Germany) that may be the earliest unequivocal record of Quercus Group /lex in Europe.

Nowadays the genus Quercus is widely distributed across the Northern Hemisphere with about 500 species in
Europe, North Africa, Asia and North America (NIXON, 1989).

Occurrence of Q. gigas leaves in the fossil floras of Romania: Early Sarmatian (Volhynian-Early
Basarabian) Daia (Thalheim), Sibiu County (wrongly assumed as Castanea kubinyii Kovats ex Ettingshausen,
GIVULESCU 1975); Early Sarmatian-Tdmpa, Hunedoara County (described as Castanea palacopumilla Andrae,
BARBU 1932); Early Sarmatian-Borod (Valea Masca, drilling cores), Bihor County (wrongly assumed as Castanea
gigas (Goeppert) llinskaya, GIVULESCU 1991); Pannonian-Soimi, Bihor County (unfigured specimen, incorrectly
attributed to Quercus pontica miocenica Kubat, GIVULESCU 1969); Pontian-Borsec, Harghita County (wrongly
designated as Quercus etymodrys Unger, BARBU 1932); Late Pontian (= Pannonian s.l. G/H) Chiuzbaia, Maramures
County (wrongly attributed to Castanea sp., GIVULESCU 1984).

Text-fig. la-c - Quercus gigas Goeppert emend. Walther & Zastawniak. Scale bars. 20 mm.
Text-fig. 1d - Quercus drvmeja Unger. Scale bar. 20 mm.
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Genus (?) Castanea Miller 1759

‘Castanea’ kubinyii Kovits ex Ettingshausen sensu Knobloch & Z. Kvacek
Text-fig. 2a-d

1976 Castanea kubinyii Kovats ex Ettingshausen; Knobloch & Z. Kvagek, p. 35-38, Text-figs. 13, 14; Pl. 16, Figs. 7-9;
Pl. 18, Figs. . 4-10; PIL. 23, Figs. 4, 6, 8-11; PL. 31, Fig. 7.

Material. Laminae incomplete but also entire leaves: BCI.0301, BCI.030la (counterpart), BCIL.0305,
BC1.0343.

Description. Leaves entire or fragments, simple, symmetrical, with ovate-elliptic shape, 12.5 (?7.3; 74.3) cm
long and 3.4 (3.7; 72.7) cm wide (microphyll 2 to microphyll 3); no petiole attached; base and apex angle acute, leaf
base slightly asymmetrical, nearly rounded, partially decurrent; leaf margins toothed (dentate), simply serrated with
each serration bearing a bristle tip (reaching up to 0.3 cm long), teeth moderate size or large (Text-fig. 2c), rarely
spaced, narrow and point forward, apical sides of teeth deeply concave, basal sides concave to convex or acuminate
(Text-fig. 2b), sinuses rounded (Urticoid-Hamamelid Tooth Type), tooth apex simple to spinose; in the first half (basal)
the lamina margin is entire, more or less sinuous; venation simple craspedodromous, with the amendment that at the
leaf base first pairs of secondary veins (suprabasal lateral veins) are interconnected into loops, primary vein strong (of
moderate thickness or thick), straight, and obvious sinuate to the apex where it tapers gradually, secondary veins, 10-11
pairs, relatively thick, arise pinnate from the main vein at an angle of about 30°-40°, mainly alternate, few subopposite,
slightly recurved, their course is arched and terminate upward in tooth apex passing into a bristle; tertiary veins
ramified, reticulate or percurrent, convex or sinuous, forming an angle of 110-140° (commonly 120°) with primary
vein, higher-orders of venation, when is observable, orthogonal reticulate, areoles well developed.

Remarks and discussions. The displayed leaf margins and the venation patterns are diagnostic to several
fagacean fossil species such as Castanea atavia Unger, C. gigas (Goeppert) llinskaya, C. kubinyii Kovats ex
Ettingshausen, Quercus kubinyii (Kovats ex Ettingshausen) Czeczott, and (. gigas Goeppert emend. Walther &
Zastawniak. Because such specimens are very similar in size, shape, and in general appearance, with both Quercus and
Castanea (see WOROBIEC, 2003; Z. KVACEK et al., 201 1), it is still unclear whether the leaves of ‘Castaneda’
kubinyii belong to oak or chestnut. Although ‘Castanea’ kubinyii was a conspicuous thermophilous element in many
Middle-Late Neogene floras in Europe (Paratethys area), the details of the epidermal structure are not distinct enough
(see Z. KVACEK et al., 2002). Only a fortunate co-occurrence of fruits (nuts or/and cupules) together with this kind of
foliage may help to clarify this problem. We assume, with some reserves, the denomination ‘Castanea’ kubinyii for our
specimens, giving credit to GIVULESCU (1990) who established that the comparison with Quercus is not
morphologically or environmentally satisfactory. Moreover, the arctotertiary genus Castanea is unambiguously present
in the Middle Miocene deposits of Romania, based on the rich fossil pollen record (Tricolporopollenites cingulum
(Potonié) Thomson & Pflug, cf. PETRESCU, 2003).

Fossils of Castanea have been found throughout the Tertiary in the Northern Hemisphere beginning with the
Palaecocene and until Late Pliocene (LANG et al., 2007). Castanca was a co-dominant element in the Quercus-
Carpinus-Castanea association (MALI, 1995) of the upland warm-temperate mesophytic forests which correspond to
deciduous broad-leaved forests (KOVAR-EDER et al., 2008).

GIVULESCU (1990) compared this fossil species to the extant species Castanea sativa Miller (C. vesca
Gaertner), usually referred to as the European, Spanish or Sweet Chestnut, which is a large, deciduous tree, resistant to
a very short dry season (limited by climate conditions) and distributed across the Mediterranean region, from the
Caspian Sea to the Atlantic Ocean. The genus Castanea comprises three sections (Castanea-with three nuts per cupule,
Balanocastanon-with one nut per cupule, and Hypocastanon-with a single nut per cupule) and seven species: C.
mollissima Blume, C. seguinii Dode, C. crenata Siebold & Zuccharini, C. dentata (Marshall) Borkhausen, C. sativa
Miller, C. pumila Miller, and C. henryi (Skan) Rehder & Wilson (DANE et al., 2003).

Occurrence of ‘Castanea’ kubinyii leaves in the fossil floras of Romania: Miocene-Slitioara, Vilcea
County (wrongly assumed as Castanea palaeovesca Paolucci, BARBU 1942); Early Sarmatian (Volhynian-Early
Bessarabian) Cavnic, Maramures County (unfigured specimens, wrongly attributed to Castanea atavia Unger,
GIVULESCU 1971b); Early Sarmatian-Borod, Bihor County (GIVULESCU 1944); Early Sarmatian-Luncsoara,
Bihor County (GIVULESCU 1951), Sarmatian-Porceni, Gorj County (wrongly assumed as Castanea palaeovesca
Paolucci, BARBU 1954); Sarmatian (Basarabian-Chersonian)-Ramesti (Tanasesti-Ramesti), Vélcea County (wrongly
assumed as Castanea palacovesca Paolucci, BARBU 1954); Pannonian B-C Valea Neagra de Cris (Valea Crisului | &
I1), Bihor County (GIVULESCU 1956); Pannonian E-Delureni (Beznea), Bihor County (GIVULESCU 1983); Early
Pontian-Cornitel, Bihor County (GIVULESCU 1957); Early Pontian-Gheghie, Bihor County (wrongly assumed as
Quercus kubinyii (Kovats) Czeczott, GIVULESCU 1960); Pontian-Borsec, Harghita County (reported as Castanea
palaeovesca Paolucci, BARBU 1932); Late Pontian (= Pannonian s.I. G/H) Chiuzbaia, Maramures County (wrongly
attributed to Castanea cf. sativa Miller, GIVULESCU 1964). Late Pontian-Late Dacian (Early Pliocene) Carbunesti,
Prahova County (denominated as Castanea sp., GIVULESCU 2001).
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Text-fig. 2a-d - “Castanea’ kubinyii Kovits ex Ettingshausen sensu Knobloch & Z. Kvacek. Scale bars, 20 mm.
Genus Fagus Linnaeus 1753

Fagus silesiaca Walther & Zastawniak
Text-fig. 3a-c

1991 Fagus silesiaca Walther & Zastawniak, p. 156-160, Text-fig. 1; Pl. 1, Figs. 1-6; PL. 2, Fig. 1.

Material. Laminae incomplete but also entire leaves: BC1.0547, BCI.0545, BCI1.0548, BCI1.0566 (counterpart).

Description. Leaves entire or fragments, simple, slightly asymmetrical, elliptic to oblong-ovate, 8.4 (?5) cm
long and 3 (2.5; 3.4) cm wide (microphyll 2 to microphyll 3); relatively short (2 mm) or absent petiole, stout, slightly
bent sideways; apex acute or attenuate, triangular, base cuneate to rounded, partially decurrent (with the laminar tissue
from half of the base extending proximally along the petiole at a gradually decreasing angle), slightly undulate; leaf
margin toothed, serrate, with small teeth, regularly or irregularly spaced, shape variable, often concave-flexuous, simple
to acuminate, sometimes spinose, occasionally blunt, apically oriented, with sinus shape rounded, region of the base
entire; venation pinnate, simple craspedodromous, rarely semicraspedodromous, with primary vein straight, strong,
gradually narrowed, slightly sinuous in the upper part of the lamina (adaxial), 8-13 pair of secondary veins, straight or
subparallel, near leaf margin slightly upwardly curved, repeatedly curved abaxial and concave downwards, distributed
at intervals of 0.8-1.2 cm, moderately thick, alternately disposed on the midrib, with the two lowermost pairs opposite;
the angles with the primary vein varies between 40° and 60° (increasing in the median part of the lamina, very rare up
to 70°), each secondary vein enters basally in a single, sharp tooth; intersecondary veins not clear; the tertiary venation
when is preserved, very thin, percurrent, mostly opposite, rarely alternate, simple or forked, forming an orthogonal
reticulum, they are consistently obtuse to the midrib, with a proximally increasing vein angle; higher order of venation,
when is visible, forming a network with well-developed quadrangular areoles.

Some highly distinctive insect damage types (DTs) are to be found on the fossil leaves of Fagus from
Ciocadia. The appearance can be attributed to the good preservation of impression-type of plant material. First, (see
Text-fig.3¢) there are irregular to circular perforations, 1 to 3 mm in diameter, undiagnostic, which are classified as hole
feeding (DT02, LABANDEIRA et al., 2007), which is the standard bite marks, occurring on primary and secondary
veins; second, an incipient excision that is incised on the interveinal tissue, toward the primary vein (see Text-fig.3b), of
margin feeding type (DT15, LABANDEIRA et al., 2007), the sides of the leaf are eaten, common in orthopterans and
weevils; and third, piercing and sucking punctures (see Text-fig.3¢), undiagnostic, circular, <2 mm in diameter (DT47,
LABANDEIRA et al., 2007), with central dome distinct, thick, dense, and thoroughly carbonized, surrounded by a brim
of reaction tissue, caused by sucking insects which pierce the leaf blade to suck out the nutrients, and the pierce marks
are left behind.
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Remarks and discussions. After the process of examination of previously described foliage of fossil Fagus
from Romania and Europe it became apparent that the taxonomy of middle Tertiary species of this genus is still unclear
or in open nomenclature. Apparently, many authors have erected new species on characteristics of little systematic
value (e.g. the morphology of shade leaves vs. sun leaves, when polymorphism is common not only in the fossil record,
but also in the today living species of Fagus), some ignored the initial descriptions of the name bearing specimens, or
have assigned material of widely differing morphology to the same species. Revision of some historical types usually
lowers diversity of morphospecies once synonyms (or erroneously assigned fossils) have been recognized.

The fossil beech leaves described above differ from the leaves of the Lower Pliocene Fagus kraeuselii Z.
Kvacek & Walther (= F. haidingeri Kovits sensu DENK 2004 pro parte) in having a greater number of secondary veins
(8-13 pairs), from the Middle Oligocene-Early Miocene Fagus saxonica Z. Kvacek & Walther (WALTHER 1994), in
having fewer secondary veins (F. saxonica has 12-16), and from the Middle Miocene Fagus friedrichii Grimsson &
Denk, because they display less densely spaced secondary and tertiary veins, and from the Late Miocene Fagus gussonii
Massalongo emend. Knobloch & Velitzelos in generally smaller leaves (GRIMSSON & DENK, 2005). On the other
hand, the above-noted venation features of Fagus do not always provide a sufficient tool for distinction of infrageneric
species. F. silesiaca is very similar with Fagus menzelii Z. Kvatek & Walther (possible junior synonym from the
Middle Miocene, see Z. KVACEK & WALTHER, 1991), and may be the same taxon, based on the morphological
resemblance and epidermal structure (WOROBIEC, 2003; WOROBIEC et al., 2012).

No cupules or bud scales of Fagus silesiaca were described until now from the Ciocadia site and the only
form-species Fagus deucalionis Unger emend. Denk & Meller is described based on the cupule-nut complex from the
Late Oligocene to Early Miocene of Central Europe (DENK & MELLER, 2001).

F. silesiaca occurs frequently in fossil floras from the Late Miocene to the Early Pliocene of Central Europe
(WALTHER, 1994). KOVAR-EDER et al., 2004 consider that the beech maximum of Europe is starting with the latest
Early Miocene. Now we extend its early colonisation to the Middle Miocene (Late Badenian-Early Sarmatian).
Anyway, such a short range during the Neogene turns our Fagus morphospecies to be of great value in biostratigraphy
and in establishing correlations. Because such leaf remains have traditionally been assigned in Romania to various
species of Fagus, yet a reliable assignment can be made to F. silesiaca, grace to its distinct characters.

The main synonyms of F. silesiaca are Fagus attenuata Goeppert, Fagus haidingeri Kovats sensu Knobloch
(WOROBIEC, 2003), Fagus pliocaenica Saporta, Fagus pristina Saporta (BARRON & DIEGUEZ, 1994).

Fagus silesiaca certainly inhabited wider areas and most probably belonged to zonal vegetation, of mesophytic
deciduous or mixed broad-leaved evergreen forest formation (Z. KVACEK et al., 2006). This tree was one of the
arctotertiary dominant elements from the Ciocadia paleoflora. It populated moist, rich soils of uplands, or well-drained
lowlands, and it sometimes formed either dense patches or larger and maybe pure stands (after the great number of leaf
remains) due to vegetative propagation from stumps and trunks of young trees. By the presence of subtropical elements,
like Tetraclinis salicornioides, Cunninghamia, Glyptostrobus europaeus, Laurophyllum etc. (PARASCHIV & SEBE,
2011), these forests certainly developed in a warmer climate than the present-day beech forests.

F. silesiaca is compared with the modern species F. longipetiolata Seemen (PALAMAREV & IVANOV,
2003), native to China and Vietnam, where it grows on broad-leaved evergreen and mixed mesophytic forests on
mountain slopes, F. hayatae Palibin ex Hayata (WOROBIEC, 2003), which flourish in the mixed mesophytic forests of
Central China, and F. grandifolia Ehrhart (PALAMAREV & MALI, 1998), whose area covers almost the entire eastern
half of the U.S.A. from Labrador Peninsula to the north of Florida Peninsula, where it lives as a dominant species in
mixed deciduous forests (Northern and Central Hardwood, and Southeastern Forest Region).

Fagus is a small genus (10 or 13 species) of broad-leaved deciduous trees (disjunctly distributed in temperate
areas of the Northem Hemisphere-Holarctic ecozone) with two accepted subgenera, based on phylogenetic studies,
Engleriana Shen with the species F. engleriana Seemen in Diels (incl. F. multinervis Nakai) of China and South Korea,
F. japonica Maximovich from Japan and F. okamotoi Shen (Japan), and Fagus Shen, with the species F. longipetiolata
Seemen (China), F. brevipetiolata Hu (China), F. bijiensis C. F. Wei & Y. T. Chang (limited to Western China), F.
tientaiensis T. N. Liou (limited to Eastern China), F. lucida Rehder & E. H. Wilson in Sargent (China), F. chienii
Cheng (limited to Western China), F. hayatae Palibin in Hayata (incl. F. pashanica C. C. Yang) from China mainland
and Taiwan, F. crenata Blume (Japan), F. sylvatica Linnaeus (incl. F. orientalis Lipsky, and F. moesiaca (K. Maly)
Czeczott, from Europe and southwestern Asia), and F. grandifolia Ehrhart (incl. F. mexicana Martinez or F. ferruginea
Aiton) of Eastern North America and Mexico (cf. DENK et al., 2005). Fagus grows abundantly in undisturbed forest
habitats of Fagus Zone (phytogeographical unit disposed on different altitudinal gradients from 1200-1300 meters up to
1500-1700 meters).

The oldest fossil occurrence of this genus based on both fruits and leaves, is provided by Fagus langevinii
Manchester & Dillhoff from the Middle Eocene of McAbee, British Columbia, and Republic, Washington
(MANCHESTER & DILLHOFF, 2004), which outperform the previous record of Fagus pacifica Chaney from the
Early Oligocene Bridge Creek flora of Oregon (MEYER & MANCHESTER, 1997).

Occurrence of F. silesiaca leaves in the fossil floras of Romania: Miocene-Slitioara, Vilcea County
(wrongly assumed as Fagus aff. ferruginea Aiton, BARBU 1942); Sarmatian-Perceni, Gorj County (wrongly assumed
as Fagus aff. ferruginea Aiton, BARBU 1954); Early Sarmatian-Morilor Valley, Mehedinti County (PARASCHIV
2004. conferred). Late Miocene (Maeotian)-Negoesti. Dolj County (wrongly presumed as Fagus svivatica Linnaeus
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fossilis Laurent & Marty, BARBU 1954); Pannonian B-C Valea Neagra de Cris (Valea Crisului I & 1), Bihor County
(incorrectly assumed as Fagus attenuata Goeppert or Fagus sylvatica Linnaeus fossilis Laurent & Marty, GIVULESCU
1956); Pannonian E-Delureni (Beznea), Bihor County (wrongly ascribed to Fagus attenuata Goeppert, GIVULESCU
1983); Pannonian-Gusterita, Sibiu County (unfigured specimen, incorrectly attributed to Fagus attenuata Goeppert,
GIVULESCU 1969); Early Pontian-Cornitel, Bihor County (incorrectly determined as Fagus attenuata Goeppert or
Fagus feroniae Unger, GIVULESCU 1957); Early Pontian (Odessian) Batoti, Mehedinti County (PETRESCU et al.,
2002, not figured or described; TICLEANU et al., 2002, incorrectly categorized, in both works, as Fagus pliocaenica
Saporta); Pontian-Borsec, Harghita County (reported as Fagus aff. ferruginea Aiton, BARBU 1932); Pontian-
Craguiesti, Mehedinti County (DIACONU 2007, not figured or described); Late Pontian (= Pannonian s.l. G/H)
Chiuzbaia, Maramures County (wrongly ascribed to Fagus attenuata Goeppert, GIVULESCU 1964); Late Dacian
(Early Pliocene) Dedovita, Mehedinti County (GIVULESCU 2001); Late Pliocene-Biborteni, Covasna County,
(incorrectly determined as Fagus cf. grandifolia Ehrhart or Fagus sp. aff. sylvatica Linnaeus, GIVULESCU 1971a).

Text-fig. 3a-c - Fagus silesiaca Walther & Zastawniak. Scale bars. 20 mm.

CONCLUSIONS

As a generality, a high floral diversity (as in the Middle Miocene floras of Romania) associated with high insect-
feeding activity, indicate a ‘healthy’ plant-insect system (WAPPLER et al., 2009). The local palacogeography and equable
climate (oceanic influenced) enabled different fossil taxa to extend far outside their ‘normal’ ranges of distribution as we
know today from the nearest living species. This can be sustained by the fact that deciduous fossil species (of Fagus,
‘Castanea’, Quercus, Carpinus, Betula, Ulmus) grow together alongside evergreen taxa (Laurophyllum, Daphnogene,
Engelhardia, Ziziphus) or taxonomically isolated and seemingly relict forms (as Berberis or Cedrelospermum). Their
abundance in the fossil record and their representation by heavy organs such as foliage is interpreted as indicating that they
lived on adjacent slopes near sites of deposition. An altitudinal differentiation of the vegetation in the Ciocadia area already
existed in the Middle Miocene as suggested by the presence of Tetraclinis salicornioides, Glyptostrobus europaeus, Ulmus
pvramidalis, Carpinus spp., Quercus gigas, Fagus silesiaca, Platanus sp., Pinus spp., Picea sp., Cunninghamia sp., etc. (see
TICLEANU, 1984; PARASCHIV & SEBE, 2011; PARASCHIV, 2013).
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MEDICINAL AND AROMATIC PLANT VARIETIES DEVELOPED
IN THE REPUBLIC OF MOLDOVA

GONCEARIUC Maria

Abstract. The studies carried out in the area of genetics and breeding of aromatic and medicinal plants in the Republic of Moldova
have resulted in the development of new high-efficient cultivars. The new cultivars of Salvia sclarea that are ¢arly-. medium- and
late-ripening allow the production of 18-24.8 v/ha of inflorescences and 67-79 kg/ha of essential oil depending on the variety. New
Lavandula angustifolia clone cultivars. named Moldoveanca-4. Alba-7. and Vis Magic-10 with a different harvesting time have been
developed. Their producing capacity is 125-245 kg/ha of essential oil and varies with the variety. The works carried out on the
breeding of Anethum graveolens have afforded a cultivar named Ambassador with a producing capacity of 10.5 vha of raw material
and 88.9 kg/ha of essential oil with a carvone content of 39.8%. A new cultivar named Miracol has been developed in Salvia
officinalis. which contributes to a producing capacity of 900 kg/ha of dry leaves or 18 kg/ha of essential oil for a single harvesting.
The research conducted on Silybum marianum has provided a new cultivar named Argintiu. which is early-ripening with a fruit
producing capacity of approximately 890-1.000 kg/ha. Hybridizations and individual selections have produced two new cultivars of
Calendula officinalis — Nataly and Diana with a production making more than 1,000 kg/ha of dry inflorescences and a content of
flavones and polyphenols of 0.624-0.873% and 0.988-1.038% respectively. depending on the varicty.

Keywords: Medicinal and aromatic plants. variety. essential oil. yield. polyphenols. flavones.

Rezumat. Soiuri de plante medicinale si aromatice elaborate in Republica Moldova. Cercetarile in domeniul geneticii si
ameliorarii plantelor medicinale §i aromatice in Republica Moldova au condus la obtinerea unor soiuri noi cu productivitate inalta.
Soiurile noi de Salvia sclarea avand perioade de recoltare timpurii, medii §i tardive. asigura obtinerea unei productii de 18.0-24.8 t/ha
de inflorescente si 67-79 kg/ha de ulei esential in funciie de soi. La specia Lavandula angustifolia au fost create soiuri-clone
Moldoveanca-4. Alba-7 and Vis Magic-10 cu perioada de recoltare diferita. Potentialul de productie a acestora este de 125-245 kg/ha
de ulei esential in dependenta de soi. Lucrarile de ameliorare la Anethum graveolens s-au soldat cu crearea soiului Ambasador la care
potentialul de productie este de 10.5 t/ha materie prima si 88.9 kg/ha ulei esential cu continut de 39.8 % de carvona. A fost creat §i un
soi nou de Salvia officinalis. numit Miracol. Soiul poate asigura oblinerea unei productii de 900 kg/ha frunze uscate sau 18kg/ha ulei
esential la o singura recoltare. Cercetarile de ameliorare efectuate la specia Glaucium flavum au rezultat elaborarea soiului Agat. cu
randamentul de 24.0 t/ha de herba proaspala in trei ani de exploatare a plantatici. La specia Silvbum marianum cercetarile s-au
incununat cu crearea soiului timpuriu Argintiu. care are capacitatea de productiec de cca 890-1000 kg/ha. Prin hibridari si selectari
individuale au fost elaborate soiurile Nataly si Diana de Calendula officinalis. Acestea formeaza inflorescente involte care asigura o
productie de peste 1000 kg/ha de materie prima uscatd cu continut de flavone de 0.624-0.873% si polifenoli de 0.988-1.038% in
functie de soi.

Cuvinte cheie: plante medicinale si aromatice. soi. ulei esential. productivitate, polilenoli. flavone.

INTRODUCTION

The importance of medicinal and aromatic plants is indisputable in view of the revival of phytopharmacy and
herbal treatments. Thus, the share of drug products from medicinal and aromatic plants and their derivatives has been
constantly growing. More than 50% of the prescribed drugs are chemical derivatives identified for the first time in
medicinal plants. Estimated 50 -70 thousand of plant species are used in medicine throughout the world (ROSE, 1981).
On the other hand, further harvesting of these plant species from wild flora is currently uncontrolled in many countries,
thus damaging irreparably wild flora. Many of the medicinal plant species from the flora of the Republic of Moldova
(NEGRU, 2007), as well as of other countries (MURPHY, 2008) have become rare endangered species. Preservation of
vegetal biodiversity, including the biodiversity of medicinal plants may be accomplished only through cultivation of
these species. Taking this into consideration and because the quality of raw vegetal material does not meet the standards
of the European Pharmacopoeia in many cases, it is imperative to cultivate these species, while the cultivation requires
development of varieties with specific characters and properties and a certain content of chemical components in a
particular ratio for the specific pedoclimatic conditions of cultivation.

Given the fact that about 3,500 tons of essential oil, 10,000 tons of food additives, 13,000 tons of perfumery
additives are produced in the world, development and cultivation of medicinal and aromatic plant varieties are strictly
necessary, thus ensuring steadfast production of high quality pharmaceutical, perfumery, and food raw material with a
much more enhanced content of active principles in comparison with the types collected in wild flora. Moreover, they
provide an important source of income for population in rural areas.

The producing potential of the Republic of Moldova in the matter of pharmaceutical raw material, essential oil
and concrete (200-250 tons), food, cosmetic, perfumery additives is relatively modest. However, the quality of the
products derived from the medicinal and aromatic plants cultivated in the Republic of Moldova is very high due to the
elevated concentration of active principles supported by the varieties developed here, that are distinguished by a unique
ratio of the major components, as well as the pedoclimatic conditions specific to this area — abundant insolation, rich
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soils, reduced atmospheric depositions. For example, the potential of our Salvia sclarea L. varieties for the
concentration of sclareol in the concrete is 65-70% or 10-15% higher than the requirements of the European standard in
this sphere. All these make this branch very attractive.

This work describes the most valuable varieties of medicinal and aromatic plants developed in Moldova.

MATERIAL AND METHODS

The biological material is represented by varieties, hybrid genotypes of medicinal and aromatic plants belonging
to the species Salvia sclarea L. (Clary Sage), Lavandula angustifolia Mill. (Lavender); Salvia officinalis L. (Common
Sage); Anethum graveolens L. (Dill); Glaucium flavum Cr. (Yellow poppy), Coriandrum sativum L. (Coriander), Carum
carvi L. (Caraway), Pimpinella anisum L. (Anise), and Calendula officinalis L. (Common marigold).

S. sclarea varieties have been created through hybridization between depression non-affected inbred and male
sterility lines (type |). Simple, double, triple, backcross, and stepwise hybrids produced in the previous study were also
used as parental forms. The general and specific combining capacity of the parental forms was assessed in top cross using
two testers. The developed cultivars represent hybrids of different complexity. So, the varieties Dacia-50, Dacia-99, and
Victor are simple hybrids; Nataly-Clay is a triple hybrid; Ambra Plus is a backcross hybrid; Balsam is a stepwise hybrid.

linitial Lavandula angustifolia materials were produced through different polycross hybridization methods to
develop clonal varieties Moldoveanca 4, Vis magic 10, and Alba 7. Promising hybrid forms were used to produce clonal
varieties by vegetative multiplication. The Salvia officinalis variety Miracol represents a simple hybrid between two
genotypes originating from Moldova and Crimea. The Calendula officinalis varieties Nataly and Diana were developed by
selection in the F; hybrid population. The population was obtained through hybridization between inbreeding lines S».» of
different provenience. Selections were carried out for quantitative traits. The varieties of the Anethum graveolens,
Glaucium flavum, and Silybum marianum species were developed using individual selection methods.

The essential oil content was assessed by hydrodistillation and recalculated for dry matter. The qualitative and
quantitative analyses were performed using Gas Chromatography (GC) coupled with Mass Spectrometry (GC-MS): gas
chromatograph - Agilent Technologies 7890; mass selective detector 5975C Agilent Technologies with quadruple,
capillary column (30m x 0.25mm i.d., film thickness 0.25 pm) with the HP-5ms non-polar stationary phase. The injector
and detector temperatures were 250°C and 280°C, respectively, with a temperature gradient from T, = 70°C (2 min), T,
= 200°C (5°C/min) to T; = 300°C (20°C/min, 5 min). Mobile phase: helium 1ml/min, the injected volume of essential
oil - 0.03 pl, split rate - 1:100. The identification of the chromatographic peaks was performed using the software
package AMDIS ™ coupled with NIST database. Flavones and polyphenols concentrations in Calendula officinalis
inflorescences were determined by the methods described in the European Pharmacopeia.

The validation of the agronomic attributes, quantitative characters of the new varieties was done by testing in
the comparative competitive crops by State Commission for Plant Cultivars Testing methods.

RESULTS AND DISCUSSIONS

The studies carried out in the area of genetics and breeding of medicinal and aromatic plants in the Republic of
Moldova have resulted in the development, registration and patenting of the new varieties. The researches have been
more profound and efficient in Sage Clary (Salvia sclarea) (GONCEARIUC, 2002; GONCEARIUC, 2008;
GONCEARIUC, 2010).

The development, evaluation and use of the initial valuable material that includes inbreeding and male sterile
lines, the lines that consolidate male sterility, simple hybrids, three line hybrids, double hybrids, backcrosses and
stepwise hybrids have resulted in some high-efficient hybrids with an enhanced producing capacity. Among them, there
are Dacia-50, Ambra Plus, Balsam, early- and late-ripening varieties named Victor and Nataly-Clary, and a medium-
ripening variety named Dacia-99. These varieties reach the ripening state gradually and together with the early-ripening
varieties Dacia-50, Ambra Plus, and Balsam, form a conveyer during harvesting, which allows a gradual harvesting of
each variety and ensures a substantial reduction in raw material and essential oil losses. The varieties Victor (late),
Dacia-50 (early) and Dacia-99 (medium) are simple hybrids, while Nataly-Clay (late) is a triple hybrid; Ambra Plus
(early) and Balsam (early) are very complex hybrids, developed through stepwise and backcross hybridization
(GONCEARIUC, 2009; GONCEARIUC, 2013).

All the varieties are suitable for both processing of raw material (inflorescences) and production of essential oil
through distillation, as well as of concrete through organic solvent extraction. The different vegetative period and gradual
ripening allow the expansion of the harvesting period up to 25-27 days. In its turn, this contributes to the increase of the
areas occupied with sage and processing of a higher quantity of raw material while expanding industrial processing
capacities (GONCEARIUC, 2010; GONCEARIUC, 2013). When the plantations are sown with new sage cultivars, the
seed rate is 4-5 kg/ha of the first class as opposed to other varieties, which need a sowing rate of 10-12 kg/ha of seeds.

The plantations of these varieties can be exploited three years. The yield of inflorescences of S. sclarea
varieties in three years (2011-2013) of cultivation made 18.1-24.8 t/ha (Table 1). It should be mentioned that the
varieties listed have a producing capacity of up to 14 -15 t / ha of inflorescences in the second year of vegetation. The
results obtained in 2012 were more modest because that year was very dry. Throughout the testing period. all the
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varieties accumulated high contents of essential oil (0.825-1.494%), especially in the second year of vegetation (1.253-
1.494%), but the early-ripening variety Balsam was the best for that character.

The producing capacity of essential oil in the S. sclarea varieties developed is very high ranging between 63.8
and 79.5 kg/ha in three years of plantation exploitation. The early-ripening varieties Ambra Plus and Balsam are the
most productive.

Figure 1. Salvia sclarea variety Nataly Clary. Figure 2. Salvia sclarea variety Ambra Plus.

Table 1. Inflorescence yield. essential oil content. and productivity
of Salvia sclarea varieties in three years of vegetation (2011-2013).

Yield of inflorescences, Content of essential oil, Production of essential oil, kg/ha
Varieties t/ha % (dry matter)
Iyear | Il year | 11l year > I year II year 11 year Iyear | Ilyear | Il year =
2011 2012 2013 2011 2012 2013 2011 2012 2013
Early-ripening varieties
Dacia-50, st. 33 11.2 35 20.0 0.926 1.143 0.988 9.0 38.6 16.2
Ambra Plus 9.0 11.0 4.8 24.8 0.825 1.179 1.029 223 39.1 14.7
Balsam 6.3 10.4 44 21.2 1.009 1.494 1.078 18.9 46.5 14.1
Medium-ripening variety
Dacia-99, | 39 [ 104 [ 38 [ 181 [ 1003 | 1411 | 1023 | 117 | 441 | 113 [ 671
Late-ripening varieties
Victor 4.8 11.7 33 19.8 0.833 1.253 1.187 12.1 43.9 11.8 67.7
Nataly Clary 45 10.6 4.1 19.2 0.880 1.291 1.043 13.5 41.0 13.8

It is very important that the new varieties bloom in the first year of vegetation, while high resistance to
wintering allows exploitation of plantation in the third year of vegetation. By the third year, their yielding capacity
makes 14.1-16.2 kg/ha of essential oil depending on the variety. The quality of essential oil is high because the
concentration of linalyl acetate in essential oil is 63-70% and sclareol — 6-12% (GONCEARIUC, 2010).

All the Salvia sclarea varieties are registered in the Republic of Moldova. The varieties Dacia 99, Victor, and
Nataly-Clary were patented in 2011. The variety Ambra Plus was patented in 2013.

The studies carried out in the area of genetics and breeding of lavender (Lavandula angustifolia Mill.) have
started with the development of new genotypes through polycross hybridization using germ plasma resources from
France, Crimea, and Moldova. Three new clone varieties of L. angustifolia named Moldoveanca-4, Alba-7, and Vis
magic-10 have been developed up to now. They are resistant to frost, wintering and drought (GONCEARIUC, 2005;
2005a; GONCEARIUC & BALMUSH, 2006). All the lavender clone varieties were patented in 2010. Moldoveanca 4
and Vis magic 10 do not actually exceed the clone variety witness for the production of inflorescences and both have an
increased content of essential oil (4.491, 4.224%), which provides yields of 178.7 and 125.3 kg/ha of essential oil
respectively (Table 2).

Table 2. The average productivity of Lavandula angustifolia Mill. clone-varieties.

Cultivars Yield of inflorescences, Essential oil content, Essential oil Essential oil yield, kg/ha of
t/ha % (dry matter) production, kg/ha inflorescences
C-90, standard., late 8.9 2.629 93.5 10.5
Moldoveanca-4.early 8.7 4.491 178.7 14.0
Vis magic-10. medium 9.0 4224 125.3 16.9
Alba-7, late 12.8 5376 245.0 21.5
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Alba 7 is the most efficient clone variety ensuring an inflorescence production of 12.8 t/ha with an essential oil
content of 5.376%, which guarantees a very high production of essential oil of 245 kg/ha. One ton of inflorescences
provides between 14 kg and 21.5 kg of essential oil depending on the variety through steam distillation. Thus, the
efficiency of the new clone varieties is much higher than that of the witness (GONCEARIUC, 2005).

Figure 3. Lavandula angustifolia Mill. clone-varieties: a- Moldoveanca- 4. b- Vis magic-10, c- Alba-10.

Dill (Anethum graveolens L.) is another essential oil containing and medicinal species cultivated in Moldova. During
1996-2000, when the markets of essential oils had been lost by this country and the essential oil crop plantation was
annihilated, dill oil was exported every year. An early-ripening dill variety, named Ambassador (Fig. 4), has been developed
to increase the efficiency of cultivation and processing of this species. It is characterised by average yields of raw material
making 10.5 t/ha, those of essential oil of 88.9 kg/ha with a carvone concentration of 39.8%. The variety was registered in
2004. The dill varieties that have been cultivated up to the present have a producing capacity of only 50-60 kg/ha of essential
oil with a concentration of the principal component carvone making only 29.5% (GONCEARIUC & BALMUSH, 2006).

The works performed on Salvia officinalis L. have resulted in the development of an early ripening variety, named
Miracol that is resistant to drought, frost and wintering (Fig. 5). It was registered in 2005. The variety can be used to produce
pharmaceutical raw material of Folium Salviae and Herba Salviae and essential oil — Oleum Salviae. The producing capacity
of the variety Miracol is 900 kg/ha of dry leaves (13% of humidity) or 18 kg/ha of essential oil (Table 3). In the case of two
yields, the producing capacity of the variety is even higher (GONCEARIUC, 2008; GONCEARIUC et al., 2012).

Table 3. Yield of Salvia officinalis L. variety Miracol.

Yield of raw material, Essential oil content, Production of essential oil
Variety Years kg/ha % (dry matter) kg/ha %
Humidity 60% Dry matter

2012 2990 850 2.500 18.7 183.3
Miracol 2013 2930 960 2.240 17.4 153.9
X 2960 905 2.362 18.0 168.2
Ghinetei. 2012 2090 600 1.280 10.2 100.0
Witness 2013 2010 570 1.691 11.3 100.0
X 2050 590 1.485 10.7 100.0

Figure 4. Anethum graveolens. variety Ambasador at the harvesting phase. Figure 5. Salvia officinalis, variety. Miracol.

Germ plasma resources of different genetic and geographic origin have been used to develop genotypes with new
characteristics and properties in Calendula officinalis L. (Common marigold). A complex hybridization has produced
many varieties, two of them — Nataly and Diana with large inflorescences, 7.0 cm in diameter and a high number of
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ligulate (Fig. 6) flowers, with a producing capacity of more than one ton per hectare. The varieties are distinguished by the
tubular flower colour. Thus, the tubular as well as ligulate flowers are orange in Nataly variety, while the tubular flowers
are brown and the ligulate flowers are orange in Diana variety. The concentration of the active matter in the new marigold
variety is much higher than that in the local population cultivated in Moldova, which served as control. The distinction
between them, as for this index, is as follows: the flavones concentration in Nataly cultivar is 0.873%, being higher in
Diana cultivar, which contains 0.624%, while the content of polyphenols is relatively lower (0.988%) than in Diana
cultivar in which the polyphenols concentration is 1.038% (GONCEARIUC, 2008; 2008a; 2011).

Figure 6. Calendula officinalis inflorescences: a- Diana variety. b- Nataly variety. c- local population.

Genetic and breeding studies have also been conducted on Glaucium flavum Cr. (Yellow poppy), a very
important species due to the fact that its serba contains 15 alkaloids, glaucine being the most important with an action
similar to that of codeine but it is cheaper and has no depressing action on respiration, no negative impact on the
digestive system and, in contrast to codeine, produces no addiction. The studies have resulted in a new variety of G.
Sflavum, named Agat (Fig. 7) with a vegetation period of three years. The average production of Agat fresh herba is 3.2
t/ha in the first year and 10.8 t/ha in the second year, while it makes 10.2 t/ha in the third year. Totally, the variety
provides an average production of 24.0 t/ha in three years of exploitation.

Among the medicinal plant species under study, there is milk thistle (Silybum marianum (L) Gaertn).
Individual selections and subsequent hybridization have afforded an early-ripening cultivar named Argintiu
homologated in Moldova in 2004 and patented in 2013. The cultivar is resistant to drought, while simultaneous
maturation of fruits, in the majority of inflorescences, contributes to mechanical harvesting. The average fruit producing
capacity (Fructus Cardui Marianus) of Argintiu variety (Fig. 8) is 890-1,000 kg/ha under unfertilized conditions of
cultivation (GONCEARIUC, 2009).

Figure 7. Glaucium flavum, variety Agat. Figure 8. Silybum marianum variety Argintiu: a-plantation. b-seeds.
CONCLUSION

1. The studies carried out in the area of genetics and breeding of aromatic and medicinal plants in the Republic of
Moldova have resulted in the development of new high-efficient cultivars.

2. The new cultivars of Salvia sclarea that are early-, medium- and late-ripening allow the production of 18-24.8
t/ha of inflorescences and 67-79 kg/ha of essential oil depending on the variety.

3. New cultivars of Lavandula angustifolia named Moldoveanca-4, Alba-7, and Vis Magic-10 have been
developed. Their producing capacity is 125-245 kg/ha of essential oil and depends on the variety.

4. The works carried out on breeding of Anethum graveolens have resulted in the development of a cultivar
named Ambassador with a producing capacity of 10.5 t/ha of raw material and 88.9 kg/ha of essential oil with
a carvone content of 39.8%.

33



GONCEARIUC Maria

5. A new cultivar named Miracol has been developed in Salvia officinalis, which contributes to a producing
capacity of 900 kg/ha of dry leaves and 18 kg/ha of essential oil for a single harvesting.

6. The breeding works performed on Glaucium flavum have provided a variety named Agat with a yield of 24.0
t / ha of fresh herba in three years of plantation exploitation.

7. In Silybum marianum, the studies have afforded a new cultivar named Argintiu, which is early ripening with a
producing capacity of approximately 890-1,000 kg/ha of fruits.

8. Hybridizations and individual selections have resulted in the development of two new cultivars of Calendula
officinalis — Nataly and Diana with a production of more than 1,000 kg/ha of dry inflorescences, a content of
flavones and polyphenols making 0.624-0.873% and 0.988-1.038% respectively.
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RESEARCH REGARDING THE EFFECTS OF THE TREATMENT WITH FUNGICIDES
ON THE PHYSIOLOGICAL PROCESSES IN Lycopersicon esculentum MILL. PLANTS
ATTACKED BY Phytophthora infestans (MONT.) DE BARY

NICOLAE Ion, BUSE-DRAGOMIR Luminita

Abstract. Physiological researches were performed at tomato plants grown in the region of Oltenia. Afier the reporting and identification
of the attack produced by the pathogen. tomato culture has been divided into two groups. a first group where fungicide treatment was
applied and the second group without treatments. Afier applying the treatments. physiological analysis were carried out on July 14"
2012, at the attacked plants (plants without treatment). compared to the plants treated with fungicides (plants with treatment). 1t was
found that the intensity of photosynthesis and transpiration intensity vary according to the analysed plants and climatic conditions. In the
attacked plants by the pathogen there was registered a lower intensity of photosynthesis. which is correlated with the low chlorophyll
content. but also a decreased intensity of transpiration due to the deterioration of leaves and stomata coverage by the mycelium pathogen.
It was also recorded a lower water content and a higher content of dry matter. which caused serious hydric and metabolic imbalances in
the attacked plants. compared to the plants where fungicide treatments were applied.

Keywords: fungicide. pathogen. physiological processes. tomato plants.

Rezumat. Cercetari privind efectele tratamentului cu fungicide asupra proceselor fiziologice la plantele Lycopersicon
esculentum Mill. atacate de Phytophthora infestans (Mont.) de Bary. Cercetirile fiziologice s-au efectuat la plantele de tomate
cultivate in zona Olteniei. Dupa semnalarea si identificarea atacului produs de patogen. cultura de tomate a fost impartita in doua loturi. la un
lot s-au efectual tratamente cu fungicide. iar la al doilea lot nu s-a efectuat tratamente. Dupa aplicarea tratamentelor s-au efectuat analize
fiziologice. la data de 14 iulie 2012. la plantele atacate de patogen (plante fara tratament). in comparatie cu plantele tratate cu fungicide
(plante cu tratament). S-a constatat ca intensitatea fotosintezei §i intensitatea transpiratiei variaza in functie de plantele analizate si conditiile
climatice. in plantele atacate de patogen s-a constatat scaderea intensitatii fotosintezei. fapt corelat cu continutul scizut in clorofila, dar si
scaderea intensitatii transpiratiei ca urmare a deteriorarii frunzelor §i acoperirii stomatelor de citre miceliv patogenului. S-a inregistrat. de
asemenea un continut mai scazut de apa §i un confinut mai mare de substan{d uscata. fapt ce a determinat grave dezechilibre hidrice si
metabolice in plantele atacate. comparativ cu plantele la care s-au efectuat tratamente cu fungicide.

Cuvinte cheie: fungicid. patogen. procese fiziolgice. plante de tomate.

INTRODUCTION

The physiological research has been carried out after applying treatments with fungicides and consisted in
carrying out analysis of the attacked plants, compared to the treated plants with fungicide.

Vegetables are plants known for their nutritional value and therapeutic effects. Vegetable consumption
stimulates body hydration, muscle activity, appetite, calcification, enzyme activity, defense ability, inhibits bacterial
fermentation, and provides essential amino acids (SUCIU et al., 1987).

Lycopersicon esculentum Mill. (syn. Solanum lycopersicum L.) is a herbaceous plant, vegetable, with
therapeutic value. Tomatoes have a differentiated tissues structure with different chemical composition and
physiological activity (HOROTAN & OANCEA, 2013).

Phytophthora infestans (Mont.) de Bary is an important and destructive disease on tomatoes. Crop losses are
very high, the percentage of fruits damaged exceeding 50% in untreated cultures.

In the last decades, the use of fungicides in agriculture for fungi diseases control has become crucial. Fungicide
research has produced a diverse range of products with new modes of action. However, the extensive use of these
compounds in the agriculture system raises public concern because of the harmful potential of such substances in the
environment and human health (DIAS, 2012).

Application of fungicides may affect crop physiology by various disruptions such as growth reduction,
perturbation in the development of reproductive organs, alteration of nitrogen, and/or carbon metabolism leading to a
lower nutrient availability for plant growth. This former physiological trait is fundamental for plant culture and is
reflected by both photosynthetic rate and mobilization of carbohydrate reserves (PETIT et al., 2012).

The diurnal dynamics of photosynthesis and transpiration in the attacked leaves plants is similar to that in the
plant leaves analysed after treatments, but the recorded values are lower in the attacked leaves (NICOLAE & BUSE-
DRAGOMIR, 2013).

The intensity of photosynthesis processes in normal conditions tomato plant growth is 12.9 pmol/m 2/s
(GALTIER et. al., 1995). Determinations carried out in tomato plant show that the intensity of photosynthesis processes
at basal leaves is lower (3.35 pumol/m?/s); the intensity of this process increases at leaves of the middle plant (10.73
umol/m?*/s) and falls to the top of the plant leaves (5.19 pmol/m*/s) - BURZO et. al., 2000.

Positive correlations were established between the intensity of the physiological processes and the
photosynthetic active radiation, the leaf temperature and stomatal conductance of CO, (NICOLAE, 2010).
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MATERIAL AND METHODS

Physiological research on the effects of the treatment with fungicides on the intensity of the physiological
processes was performed in tomato plants (Buzau 50 variety) cultivated in the region of Oltenia (Dolj county).

Buzau 50 variety is an early variety, with an indefinite increase. Plants are vigorous (190 cm) and have rich
foliage that protects fruit. The fruits are spherical, have intense red color and have an average weight of 250 g.

After reporting the attack and identification of natural attack produced by Phytophthora infestans (Mont.) de Bary, at
the beginning of formation of fruits, the tomato crops were divided into two groups (the experimental variants). In case of the
first group of plants, there have been conducted three treatments with fungicide Shavit F 72 WP at a period of 7 days between
treatments (plants with treatment), while in case of the second group, there has been applied no treatment (untreated control
plants). After a period of 10 days from the last treatment plants were analysed physiologically. The analyses were performed
on the 14™ of July 2012 at the attacked plants, compared to the treated plants with fungicide.

Shavit F 72 WP (Triadimenol 20 g/kg + Folpet 700 g/kg), produced by Makhteshim Agan-Israel, is a complex
fungicide containing two active substances with systemic and contact action, which ensures a quick effect, preventative
and curative of long duration.

The protection period depends on the local conditions and varies from 7 to 14 days. In case of the tomato
plants attacked by the pathogen, the dose applied was 0.2% (20 g per 10 liters of water).

The physiological processes intensity was established with the photosynthesis measurement system LCi (Ultra
Compact Photosynthesis System - ADC BioScientific Ltd.) and the obtained results were graphically represented and
statistically interpreted using the Excel software.

The water and dry substance contents were determined by the gravimetric method.

The chlorophyll content was estimates by Minolta SPAD 502. The estimate of the attack produced by pathogen
was made using the calculation formulae elaborated by SAVESCU & RAFAILA, 1978.

RESULTS AND DISCUSSIONS

Late blight caused by Phytophthora infestans (Mont.) de Bary is manifested by the appearance of some large
spots, grey-green, with downy whitish on the underside of the leaf, on the edge and especially on the tips of the leaves.
The attacked tissues get brown and the edges of the leaves get dry and twist towards the top. On the stems and petiole of
the leaf, there appear elongated, discoloured spots, which become brown or grey-brown (Fig. 1).

The most common and damaging form of the attack is the one on the fruits. The attack starts with the formation of
the fruit and lasts until ripening. Around the fruit peduncle, large, yellowish-green spots form, which then become grey-brown
with uneven well, hard and dry surface. The brown spots expand then into the pulp of the fruit (MITREA, 2006).

Phytophthora infestans (Mont.) de Bary presents hyaline sporangiophores, non-septate, fasciculate,
monopodial branching; they go out by the ostiole of stomata presenting a terminal unicellular, hyaline, limoniforme
sporanges (TANASE & SESAN, 2006) - Fig. 2.

W

Figure 1. The Lycopersicon esculentum attacked by Figure 2. Phytophthora infestans - sporangiophores
Phytophthora infestans (original). with sporanges (oc. 10 x ob. 20) (original).
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The evolution of temperatures and rainfall during the vegetation period favoured the emergence of the disease.
Through the application of the foliar surface treatment with fungicides necrosis was significantly reduced, and the leaves with
specific symptoms of the attack produced by the pathogen have maintained green during the vegetation period.

The physiological research was performed on the 14™ of July 2012, at the plants attacked by Phytophthora
infestans (Mont.) de Bary (plants without treatment), compared to the plants that have received fungicide treatments
(plants with treatment).

The estimation of the attack (frequency, intensity and degree of attack) produced by the pathogen at the
attacked plants is presented in Fig. 3.

The estimate
of the
attack
(%)

36.95

s
35-
30-
25-
20+

15

10

5 p=
The frequency of the attack The intensity of the attack The degree of the attack (%)
(%) (%)

Figure 3. The estimate of the attack produced by Phytophthora infestans (Mont.) de Bary
in Lycopersicon esculentum Mill.

Physiological processes intensity is lower in the tomato plants attacked by the pathogen, compared to the plants
analysed after the treatment with fungicides, as a result of the reduction of the assimilation surface due to the reaction of the
plants to the pathogen, deterioration of the chlorophyll pigments and stomata coverage by the pathogen (Figs. 4; 5).

The photosynthesis The transpiration
intensity o intensity 3 286 29 e
(umol CO2/ (mmol H20/ .
m2s) m2 s) e
25 -k s
255 263
251
2
15
1
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04 . - . , 04 . , ; —
9 1 13 15 . 9 1 13 15 The hod
—— The plants after treatments with fungicide —B- The plants attacked by Phytophthora infestans (not with fungici
—e— The plants attacked by Phytophthora infestans (not treatments with fungici —a— The plarts after with fungicid
Figure 4. Diurnal dynamics of the photosynthesis intensity Figure 5. Diurnal dynamics of the transpiration intensity
in tomato plants (Lycopersicon esculentum Mill.). in tomato plants (Lycopersicon esculentum Mill.).

The physiological processes intensity (photosynthesis and transpiration intensity) is correlate with the
physiological parameters (photosynthetic active radiation present on the surface of the leaves, leaf temperature, stomatal
conductance of CO,), but presents different values in the tomato plants attacked by Phytophthora infestans (Mont.) de
Bary, in comparison with the tomato plants analysed after the treatments with fungicide. Thus, there was established a
strong association between these.

As a result of the physiological research carried out at the tomato plants one can observe an increase of the
physiological parameters, during the day. increase starting in the morning; they present higher values at lunch and a
gradually decrease towards evening (Table I).
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Table 1. Diurnal dynamics of the physiological parameters registered in tomato plants.

The physiological parameters The hours of per;[ormed analyses

in the tomato plants 9" 11" 13" fKd 17"
The photosynthetic active The plants after the treatments with fungicide 1150 1485 1645 1565 1490
radiation (umol / n*/ s) The plants attacked by the pathogen 1135 1470 1634 1548 1475
The leaf The plants after the treatments with fungicide 283 314 34.1 33.2 33.1
temperature ('C) The plants attacked by the pathogen 284 31.4 34.3 33.5 333

The stomatal conductance The plants after the treatments with fungicide 0.06 0.08 0.13 0.12 0.1
(mol /m’ /s) The plants attacked by the pathogen 0.04 0.07 0.1 0.09 0.07

Linear regression carried out between the photosynthesis intensity and photosynthetic active radiations present
on the surface of the leaves shows a good positive correlation between these; the coefficient of determination (R?) is
0.87 for the tomato plants attacked by the pathogen and 0.96 for the tomato plants after the treatments with fungicide.
Linear regression carried out between the transpiration intensity and photosynthetic active radiations shows a good
positive correlation; the coefficient of determination (R”) is 0.90 for the attacked tomato plants and 0.92 for the tomato
plants after the treatments with fungicide (Figs. 6; 7).
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Figure 6. The correlation between the photosynthesis Figure 7. The correlation between the transpiration intensity
intensity and the photosynthetic active radiation in tomato and the photosynthetic active radiation in tomato plants
plants (Lycopersicon esculentum Mill.). (Lycopersicon esculentum Mill.).

Linear regression carried out between the photosynthesis intensity and leaf temperature shows a good positive
correlation; the coefficient of determination (R?) is 0.95 for the attacked tomato plants and 0.96 for the tomato plants
after the treatments with fungicide. Linear regression carried out between the transpiration intensity and leaf
temperature shows a good positive correlation between these; the coefficient of determination (R?) is 0.94 for the
attacked tomato plants and 0.96 for the tomato plants after the treatments with fungicide (Figs. 8; 9).

The photosynthesis The transpiration
intensity 9 17— = T “ || |intensity 3 SEPEIPS —
(umol CO2/ | | | (mmol H20/

’ * E =0.1843x - 3.3406
y =0.7269x - 16.656 / AR,
7 R®=0.9676 . - R®=0.9694

-
- y = 0.6663x - 16.603 / o y=0.1783x - 3.4331
-~ g ~ 2
- R?=0.9583 P R?=0,9489

4 -~ -
©
-~ il ‘
- .
3 : . : , . . 15 : : ; : ; ; .
28 29 30 31 32 3 34 35 28 29 30 31 32 33 34 35
The temperature (oC) The temperature (oC)
+ The b not t with fungici
. Pniﬁ'ﬁﬂt'i Stacked by PryopIor nstans (ot reatments w ungii :_The plans a&grn:re?“n‘(epsmm é““"'ﬁr‘?fg .: )
e | inear nts after treatments with fungicide = Linear s after treatments with fungicide -
== = Linear (The p‘amsan ked by Phyto htho?glnfes)lans not treatments with fu - Llnearg'i: plants by Phytop (not with
Figure 8. The correlation between the photosynthesis Figure 9. The correlation between the transpiration
intensity and the leaf temperature in tomato plants intensity and the leaf temperature in tomato plants
(Lycopersicon esculentum Mill.). (Lycopersicon esculentum Mill.).
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Linear regression performed between the photosynthesis intensity and stomatal conductance of CO, shows a
positive correlation between these; the coefficient of determination (R?) is 0.76 for the attacked tomato plants and 0.86
for the tomato plants after the treatments with fungicide. Linear regression made between the transpiration intensity and
stomatal conductance of CO, shows a positive correlation; the coefficient of determination (R?) is 0.81 for the attacked
tomato plants and 0.86 for the tomato plants after treatments with fungicide (Figs. 10; 11).
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Figure 10. The correlation between the photosynthesis
intensity and the stomatal conductance in tomato plants
(Lycopersicon esculentum Mill.).
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Figure 11. The correlation between the transpiration
intensity and the stomatal conductance in tomato plants
(Lycopersicon esculentum Mill.).

The tomato plants attacked by the pathogen present a 3.02 % lower water content and a 14.97 % higher dry
substance content in comparison with the tomato plants after the treatments with fungicide (Fig. 12).

In the attacked tomato plants, it is noticed a 17.88 % lower chlorophyll content as a result of the deterioration of the
chlorophyllian pigments under the action the pathogen (Fig. 13).
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Figure 12. The water content and the dry substance content in Figure 13. The chlorophyll content in the leaves of
the leaves of tomato plants (Lycopersicon esculentum Mill.). tomato plants (Lycopersicon esculentum Mill.).
CONCLUSIONS

After the application of the treatments with fungicides in the tomato plants attacked by Phytophthora infestans
(Mont.) de Bary it has been noticed the significantly reduced degree of diseases, the reduction of the area affected by
the pathogen; the applied treatments have also influenced the plant growth and the further development of the plants.

In tomato plants it has been noticed that the dynamics of photosynthesis and transpiration, during the day, in
the plants attacked by the pathogen is similar to that in plant analysed after the treatments with fungicide, but the

recorded values are lower in the attacked plants.
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At the plants attacked by the pathogen, it was noticed that photosynthesis and transpiration intensity is lower as
a result of the reduction of the leaf surface due to the formation of large, grey-green or brown spots, deterioration of the
chlorophyll pigments and stomata coverage by the pathogen.

The attacked tomato plants present a lower chlorophyll content and a lower water content, in comparison with
the tomato plants analysed after the treatments with fungicide, which caused hydric and metabolic imbalances.
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RADIOSENSITIVITY OF MAIZE TO GAMMA RADIATION BASED ON
PHYSIOLOGICAL RESPONSES

MARCU Delia, BESENYEI Eniko, CRISTEA Victoria

Abstract. The present work introduces the study of two maize lines dose-dependent radiosensitivity. based on physiological responses.
namely germination. plant growth and development and content of photosynthetic pigments. The experimental material is represented by
maize hybrid Turda Star and one of the parental lines. Dry seeds were exposed at doses ranging from 2 to 50 Gy. Our results showed that
exposure at doses between 2 to 50 Gy resulted in a significant increase of hybrid growth parameters. expressed through the final germination
percentage. speed of germination. root and shoot length. Moreover. plants derived from irradiated seeds exhibited an increased content of
photosynthetic pigments (chlorophyll a. chiorophyll b and carotenoids) than non-irradiated ones. In parallel with this findings. the seeds
belonging to the parental line showed a different pattern. respectively all studied parameters were increased at doses up to 5 Gy. while at
higher doses (15-50 Gy) were significant decreased as compared with the control. The present results highlight the superiority of using maize
hybrids over the parental forms. Low gamma-irradiation of maize hybrid seeds can be used to produce seedlings with improved traits. Also,
it is confirmed the existence of a threshold between positive and negative effects induced by gamma radiation.

Keywords: gamma radiation. germination potential. growth parameters. maize. photosynthetic pigments.

Rezumat. Radiosensibilitatea porumbului la radiatii gamma pe baza rispunsului fiziologic. in lucrarea de fata este prezentat
studiul privind radiosensibilitatea a doua linii de porumb in functie de doza de iradiere. Acesta este evaluat pe baya raspunsului fiziologic,
respecliv a procesului de germinare. de crestere §i dezvoltare a plantelor §i a continutului de pigmenti asimilatori. Materialul experimental
este reprezental de hibridul de porumb Turda Star si de una din formele parentale. Seminiele in stare uscata au fost expuse la o sursa de
radiatii gamma. la doze cuprinse intre 2 si 50 Gy. Pe baza rezultatelor obfinute se observa ca expunerea seminfelor hibridului Turda Star la
doze cuprinse intre 2 si 5 Gy a dus la o crestere semnificativa a parametrilor de crestere. exprimati prin procentul final de germinare. viteza

pigmentii asimilatori (clorofila. clorofila b. carotenoizi) fata de cele neiradiate. in paralel cu aceste observaii. s-a remarcat ca semintele
apartinand liniei parentale s+au comportat diferit. mai exact toti parametrii studiati au crescut pana la doza de 5 Gy. in timp ce la
doze mai ridicate (15-50 Gy) acesteti au fost semnificativ redusi fajd de martor. Rezultatele obtinute evidentiaza superioritatea hibrizilor
fata de formele parentale. Expunerea semingelor hibridului de porumb la doze joase de radiafii gamma poate fi utilizata ca o metoda de
obtinere a plantelor cu caracteristici imbunatatite. De asemenea. se confirma existenia unei doze prag intre efectele pozitive §i cele negative
induse de radiatiile gamma.

Cuvinte cheie: capacitate germinativa, parametri de crestere. pigmenti asimilatori. porumb. radiatii gamma.

INTRODUCTION

Gamma radiation has been extensively used in plant breeding programs. As a mutagenic agent, gamma
radiation can induce both beneficial and harmful effects on plants (KUMAR & KUMAR, 2009). In this regard, the
hormesis term has been defined as a dose-response phenomenon characterized by a switchover from low dose
stimulation to a high dose inhibition (KIM et al., 2004).

In order to evaluate the effects induced by gamma radiation, a number of parameters indicating plant response
have been used. The most widely used indicators are those based on physiological changes such as seed germination
and plant growth stimulation or inhibition (BORZOUEI et al., 2010). SINGH & DATTA (2010) observed that low
doses of gamma radiation improved plant vigour, grain development and yield attributes of wheat. The positive effects
induced by low gamma doses on plant growth and development derived from irradiated seeds have been also reported
in grapevine (CHARBAIJI & NABULSI, 1999) and rocket (MOUSSA, 2006). In the case of exposure at high doses,
CHAOMEI & YANLIN (1993) observed that there is a reduction of the germination capacity with a corresponding
decline of plant growth and development at wheat (7riticum aesticum L.). Exposure of tabacco (Nicotiana tabaccum L.)
young plants at doses ranging from 30 to 50 Gy resulted in a significant decrease of the growth process, while at 70 Gy
it was completely stropped (CHO et al., 2000). High doses of gamma radiation disturbed the germination process of
Echinacea purpurea (L.) Moench, leading to a reduction of germination capacity (ICHIM et al., 2006). KIONG et al.
(2008) stated that despite the diversity of gamma ray targets in plants, the photosynthetic apparatus is one of the main
targets. Studies on mung bean (Vigna radiata (L.) R.Wilczek) (SINGH & SHARMA, 1992), alfalfa (Medicago sativa
L.) (REJILI et al., 2008), rice (Oryza sativa L.) (SHEREEN et al., 2009) and okra (4belmoschus esculentus Moench)
(HEGAZI & HAMIDELDIN, 2010) revealed that exposure at low doses lead to an increase of the assimilatory
pigments content, while at high doses it decreases significantly as compared with non-irradiated ones.

Maize (Zea mays L.) is one of the most important crop plants. Due to its high yield, as well as its usage in a
variety of human activities, maize is one of the most cultivated species worldwide, ranking the third in cultivated area
after rice and wheat, and the first as production (CRISTEA et al., 2004). Beside its economic importance, for over 100
years maize has served as a premiere model organism for biological research (LAWRENCE et al., 2008). Nowadays it
is a widely used model organism in many biological investigations such as heterosis, quantitative inheritance, plant
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domestication, developmental physiology, genome evolution, epigenetics, pest resistance, comparative genomics and
plant response to various environmental factors (STRABLE & SCANLON, 1999).

The aim of the present study is to study the dose-dependent response of two maize line following exposure at
gamma radiation based on physiological responses, namely germination, plant growth and development and content of
photosynthetic pigments.

MATERIALS AND METHODS

Seeds of maize triliniar hybrid Turda Star (TSh) and one of the parental line (PL), obtained from Agricultural
Research and Developmental Station Turda, Romania, were used as experimental material. Dry seeds were exposed at a
%Co gamma source (Gamma Chamber 900 at Faculty of Physics, Babes-Bolyai University) at a dose rate of 5.72 Gy/h.
The applied doses were 0 Gy, 2 Gy, 5 Gy, 15 Gy, 30 Gy and 50 Gy.

The irradiated and non-irradiates seeds (40 seeds/dose) were sown on moistened filter paper and then
germinated in laboratory conditions (20°C and 8h photophase). Seeds were considered germinated when the radical
extension reached 2 mm in length.

In order to evaluate the effects on the germination process there were calculated two indices, namely the Final
germination percentage (FGP) and the speed of germination (SG). They were calculated as described in Table 1.

Table 1. Description of paramelters used to study the seed germination.

Geril:::]ne:;tlon Formula Description Reference source
. Ny: proportion of germinated seeds in each treatment
A 12 prop g
FGP FGP = —L %100 Jfor the final measurement ANJ UM2 6% SBAJWA
N N: Number of seeds used in bioassay
. NN NN . . . . g
GS=(N *1)+— +ot Ny Noo N;, N,... N,: proportion of gerntinated seeds CHIAPUSIO et al
SG I 2 prop g
n observedonday 1.2.3.... N (1997)

Measurements of seedlings root and shoot length, both for the control and the irradiated samples, were
recorded on the 7™ day after the start of the experiment.

Chlorophyll a, chlorophyll b and carotenoids content of fresh leaves was determined according to the MORAN
& PORATH (1983) method. Leaves of 17 days old plants were cut into small pieces and suspended in DMF (N,N-
dimethylformamide), approximately 100 mg vegetal material/2 ml DMF. The samples were left to incubate for 48h in
the dark at 4°C. The absorbance was measured with a spectrophotometer (UV/VIS SP8001 Metertech
Spectrophotometer at Department of Experimental Biology and Biochemistry, Institute of Biological Research, Cluj-
Napoca) at 664 nm, 647 nm and 480 nm. Chlorophyll a, chlorophyll b and carotenoids pigments were calculated
according to equations of WELLBURN (1994) and expressed in pg/g fresh weight (FW).

The differences in average of all tested parameters between irradiated and non-irradiates samples was realized
by subjecting the experimental data to one-analysis of variance (One-way ANOVA) with Dunnett's post test, at a 5%
level of probability. The statistical analysis was performed using GraphPad Prism (version 5.00 for Windows,
GraphPad Software, San Diego, USA) and the graphics were realized with Excel program.

RESULTS AND DISCUSSIONS

Seed germination test revealed the dose-dependent response between the two maize lines. As illustrated in Fig.
1, exposure of Turda Star hybrid at 2 Gy lead to a significant increase of the FGP by 8%. At higher doses, it is observed
a significant increase by 12% and 14% at 5 Gy, respectively at 15 Gy. As compared with the control, exposure at 30 Gy
and 50 Gy resulted in a highly significant increase of the percentage of germinated seeds by 17% and 20%. Unlike these
results, the parental line showed a different pattern. It can be noticed that at 2 Gy and 5 Gy the FGP is increased by 2%
and 4%, which are no statistically significant. At doses > 5Gy, respectively at 15 Gy, 30 Gy and 50 Gy the final
germination percentage was significant decreased by 8%, 12% and 16% than the control.

The speed of the germination process for TSh showed a significant increase with increasing the irradiation dose
(Fig.2). Thus, comparing with the control, exposure at 2 Gy, 5 Gy, 15 Gy and 30 Gy resulted in the increase of SG by 135,
17%, 24%, respectively 29%. The highest acceleration of the germination process, by 35%, was recorded at 50 Gy. In seeds
belonging to the PL there was observed an insignificant increase by 5 and 7% at 2 Gy and SGy. Reported at non-irradiated
samples, the seeds exposed at doses > 15 Gy showed a statistically significant delay in the genmnination process by 13-20%.

Gamma radiation had a positive significant effect on TSh root length (Table 2). Following exposure at doses
ranging from 2 to 50 Gy, it was observed an increase of root length by 24-99% as compared with the control. Regarding
shoot length it can be seen that at 2 Gy there was an insignificant increase by 3%, while plants derived from seeds
exposed at higher doses (5-50 Gy) showed a significant increase of shoot length. Exposure of PL seeds at 2 Gy and S
Gy resulted in an increase of root (9 and respectively 17%) and shoot (5 and 9%) length, which is not significant in
statistical terms. At 15 Gy. plants showed a slightly decrease. by 21% of root length and a significant reduction of shoot
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length by 26%. Higher doses of gamma radiation, respectively 30 Gy and 50 Gy, significantly affected plant growth
and development, the root length was decreased by 38 and respectively 61% and shoot length by 31 and 42%.
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Figure 1. Effect of gamma radiation on final germination percentage
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Figure 2. Effect of gamma radiation on maize speed of germination.

Table 2. Effects of gamma radiation on root and shoot length (cm).

Turda Star Hybrid Parental line
Gamma radiation treatment (Gy) Root length (cm) Shoot length (cm) Root length (cm) Shoot length (cm)
Control (0) LS5 0,6 0.9 0,55
2 1.8* 1,2 0.98 0,52
5 1,9%* 1,5%* 1,06 0,58
15 2.5 1,8%* 0.7 0.39*
30 2 RAn¥ Jigees 0,5* 0,39*
50 2 QFkk 2 2¥k% 0,3%* 0,35%*

The content of the assimilatory pigments in 17-days old TSh leaves is presented in Fig. 3. The statistical
analysis revealed that comparing with the control the content of chlorophyll a significantly increased in plants derived
from irradiated seeds, reaching the maximum increase, by 44%, at 50 Gy. Chlorophyll b, as well as the carotenoids
showed a significant increase up by 105%, respectively 101%, in irradiated samples, as compared with the control.
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Figure 3. Effects of gamma radiation on assimilatory pigments in maize Turda Star hybrid leaves.

The analysis of the assimilatory pigments content in PL plants (Fig. 4), highlights the positive effects of doses
<5 Gy, where it was recorded the maximum increase by 14% of chlorophyll a, by 38% of chlorophyll b and by 31% of
carotenoids. Comparing with the control, doses between 15 and 50 Gy induced a decrease of assimilatory pigments, the
minimum values being observed at 50 Gy where leaves showed a reduced content of chlorophyll a, chlorophyll b and
carotenoids by 14%, 35%, respectively 32%.
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Figure 4. Effects of gamma radiation on assimilatory pigments content in maize Parental Line leaves.

Plant radiosensitivity is dependent upon several factors, some related to plant characteristics (e.g.
species/cultivar/variety, plant age, physiology, tissue architecture, morphology and genome organization) and some related to
radiation features (e.g. type of radiation, dose rate and time of exposure) (DE MICCO et al., 2011; JAN et al., 2012).

The results obtained in this study highlight the superiority of a maize hybrid unlike the parental form. This
phenomenon is called heterosis and it can be defined as the increase in size or growth rate of hybrids over parental line,
manifested in quantitative characters and expressed as increased biomass, growth rate, fertility, resistance to diseases
and insects as well as tolerance to abiotic factors (CRISTEA et al., 2004).

The stimulating effects induced by gamma radiation on plant growth and development may be attributed to an
increase of plant growth regulators (auxins and gibberellins) levels, which enhances the mitotic activity in the
meristematic tissues by increasing the number of dividing cells (LATIF et al., 2011). ABDEL-HADY et al. (2008)
stated that activation of RNA or protein synthesis during the early stage of germination in irradiated seeds may enhance
the germination process. Along with the stimulation of cell division and enzymatic activity, there is an increase of
mineral and water uptake, which can explain the increase of assimilatory pigments in plants derive from seeds exposed
at low doses (MAJEED et al., 2010).

Gamma radiation exerts its negative effects through the increase amount of free radicals resulted from water
radiolysis, which damage important cellular components and perturb vital processes (FAN & SOKORAI, 2005).
Reactive oxygen species are believed to be a major contributing factor to stress injuries and cause rapid cellular damage
because they are highly reactive to membrane lipids, protein and DNA (EL-BELTAGI et al., 2011). CHATURVEDI et
al. (2012) stated that increased radiation doses enhanced the membrane permeability resulting in higher loss of leachates
and reduced germination percentage. PREUSS & BITT (2003) attributed the decreased shoot and root length at higher
doses of gamma rays to a reduced mitotic activity in meristematic tissues due to cell cycle arrest at G2/M phase during
somatic cell division and/or various damages in the entire genome. Photosynthesis, an important marker of internal
plant metabolism, together with cell growth, is among the primary processes that are in general. affected by gamma
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radiation (SINGH et al., 2013). According to STRID et al (1990) the photosynthetic pigments can be destroyed by
gamma rays with concomitant loss of photosynthetic capacity. BYUN et al. (2002) explained this by gamma radiation
ability to break chlorophyll molecules apart.

CONCLUSIONS

Gamma radiation exposure of maize Turda Star triliniar hybrid at doses ranging from 2-50 Gy resulted in a
increase of 8-20% of the final germination percentage, 13-35% of the speed of germination, 24-99% of the root length
and 3-38% of shoot length. As compared with the control, the content of chlorophyll a increased by 11-44%,
chlorophyll b by 25-105% and carotenoids 25-101. Seeds of the Parental Line submitted to exposed at doses up to 5 Gy
showed an increase of the final germination percentage by 4%, of the speed of germination by 6.6%, root length by
18%, shoot length by 9.3% and the content of chlorophyll a increased by 14%, chlorophyll b by 39% and carotenoids by
31% as compared with the control. At higher doses all studied parameters were decreased, the lowest values being
recorded at S0 Gy where FGP decreased by 16%, the GS by 19%, root and shoot length by 61%, respectively by 42%,
chlorophyll a by 13%, chlorophyll b by 35% and carotenoids by 31%. The present results highlight the superiority o
maize hybrid over the parental forms. Concerning the irradiation dose, our results confirm the conclusions of previous
studies regarding the hormetic effect induced by gamma radiation. Low gamma-irradiation of maize hybrid seeds can be
used to produce seedlings with improved traits.
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ANTIOXIDANT RESPONSE IN SOYBEAN CELL SUSPENSIONS TREATED
WITH FUNGAL ELICITORS

HELEPCIUC Florenta-Elena, MITOI Monica Elena, ALDEA Florentjna, MATEI Sorin,
MATEI Gabi-Mirela, COGALNICEANU Gina

Abstract. Soybean. Glycine max (Linnaeus 1737. Merrill 1917). is a cultivated plant with major economic value. so it is very important to
maintain this crop-yield and in the same time to minimize the environmental impact. using environmental friendly technologies. The aim of
this study was 1o describe the antioxidant response induced in soybean cell suspensions by fungal elicitors obtained from Trichoderma viride.
Trichoderma harzianum. Penicillium chrysogenum and Botrytis cinerea strains. We used six experimental variants. represented by various
combinations of the fungal filtrates, obtained using different procedures (E1. E2. E3. E4. PD-E1. PD-E4. each with 1%. 5% and 10%
concentrations (w/v)). Soybean cell suspensions were treated for 24 hrs with the corresponding fungal filtrates. and after 24 hrs. quantitative
and qualitative determinations of antioxidant enzymes were performed. Among the tested antioxidant enzymes. the peroxidases (POX)
activity was the only one increasing in all experimental variants and for all elicitor concentrations used, except for 10% concentration of E1
variant. In case of catalases (CAT). the enzymatic activity increased only in 2 variant at 1% fungal filtrate concentration and E4 at 1% and
5% fungal filtrate concentration. the other variants presenting a decrease of enzymatic activity compared to the control. Superoxide
dismutase (SOD) activity was generally higher in treated variants. with a maximum for 5% fungal filtrate concentrations in E1 and E4
variants. Concluding. some defense mechanisms were activated by fungal filtrate administration. and the E4 variant was the most effective in
the activation of soybean cell suspension enzymatic antioxidant system by increasing the activities of the three major enzymes involved in
reactive oxygen species detoxification. POX. CAT and SOD. at 1 and 5% concentration.

Keywords: fungal elicitors. cell suspension. soybean. antioxidant enzymes.

Rezumat. Raspunsul antioxidant al suspensiilor celulare de soia tratate cu elicitori fungici. Soia. Glycine max (Linnaeus
1737. Merrill 1917). este o planta de culturd cu o valoare economica deosebitd. Astfel. este foarte importanta mentinerea productivitatii
acestei culturi si in acelagi timp minimizarea impactului asupra mediului inconjurator prin utilizarea unor tehnologii nepoluante. Scopul
prezentului studiu este de a descrie modificarile biochimice in suspensiile celulare de soia. induse de tratamentul cu filtrate fungice obtinute
din tulpini de Trichoderma viride. Trichoderma harzianum, Penicillium chrysogenum si Botrytis cinerea. Au fost utilizate sase variante
experimentale. reprezentate de diferite amestecuri de filtrate fungice. obtinute utilizind diferite proceduri (E1. E2, E3. E4. PD-El. PD-E4,
fiecare variantd in concentraic de 1%. 5% si 10%). Suspensiile celulare de soia au fost tratate timp de 24h cu filtratele fungice in
concentratiile amintite iar dupa 24h au fost realizate analize calitative si cantitative ale unor enzime antioxidate. Dintre enzimele testate.
activitatea peroxidazelor (POX) a crescut la toate variantele testate. la toate concentratiile de elicitori utilizate. cu exceptia concentratiei de
10% a variantei E1. in cazul catalazelor (CAT). activitatea enzimatica a crescut la plantele tratate cu filtratul fungic corespunzator variantei
E2 la concentratia 1% si la varianta E4 concentratiile 1% si 5%. Celelalte variante au prezentat o descrestere a activitafii enzimatice in
comparatie cu varianta martor. Activitatea enzimatica a superoxid dismutazelor (SOD) a fost in general mai ridicata la variantele tratate.
inregistrand o valoare maxima la concentratia de 5% a variantelor E1 si E4. in concluzie. unele mecanisme de aparare ale celulelor de soia au
foste activate in urma administrarii filtratelor fungice. De asemenea. administrarea (iltratului fungic din varianta E4. avand concentratiile de
1% si 5%. a fost cea mai eficientd pentru activarea sistemului antioxidant enzimatic la suspensii celulare de soia. prin cresterea activitagii
enzimatice ale enzimelor implicate in neutralizarea speciilor reactive de oxigen. POX. CAT si SOD.

Cuvinte cheie: elicitori fungici. suspensii celulare. soia enzime antioxidante.

INTRODUCTION

Plant cell suspensions are ideal experimental systems for the study of morphogenetic processes, secondary
metabolism and the response of cells towards aggressive environmental agents, including pathogen attack. Cellular
suspensions are relatively homogenous systems, axenic, with cells deprived of cuticle, with reduced needs for
intercellular transport and almost all are metabolically active.

G. max is a cultivated plant with major economic value, soybean seed being the world main source of vegetable
protein and oil. This valuable plant species has numerous pathogens, which can cause significant crop losses, so it appeared
the necessity to develop new technologies to improve disease resistance and implicitly to prevent crop losses.

This goal can be achieved by activation of plant defense system, enhancing basal resistance to pathogens.
Plants resistance to pathogens can be enhanced by both biotic and abiotic factors (elicitors). Among biotic resistance
inducers, microbial cultures were often used to activate different defense responses in plants (TON et al., 2002,
BENHAMOU et al., 2003, SIDDIQUI & MEON, 2009, AN et al., 2010). Also, it was studied the utilization of elicitors,
both exogenous (SHIMIZU et al., 2013) and endogenous (MOHARAM, 2013) for defense activation against pathogens.
Although different aspects of disease resistance activation in plants were intensely studied, there are no reports
regarding fungal filtrates utilization for defense induction in soybean cell suspensions. The goal of the present study is
to describe the biochemical response of soybean cell suspensions to the treatment with fungal elicitors. The elicitors
were represented by a mixture of fungal filtrates obtained from strains of antagonistic species Trichoderma viride and
Trichoderma harzianum, a non-pathogenic species Penicillium chrysogenum and a pathogenic species, Botrytis cinerea.
The elicitors from these microorganisms can activate plant defense responses dependent on various signalling molecules. like
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salicylic acid, jasmonic acid or ethene. In our study, combining fungal filtrates from these four different species we intended
to activate different defense signalling pathways and to induce defense-specific reactions in our in vitro system.

MATERIALS AND METHODS

Soybean cell suspension preparation

We used two-weeks old plantlets obtained from aseptic germinated seeds of the Romanian cultivar Daciana
(provided by the NARDI Fundulea). Explants of 3-5 mm from cotyledon, epicotyl, hypocotyl and leaf fragment were
cultivated on callusogenesis culture medium. Cell suspensions were obtained on S2-4 liquid medium, from fragments of
callus induced on the same growth medium supplemented with agar. The (growth) callusogenesis medium contains essential
nutrients, micronutrients and vitamin BS GAMBORG (1968), to which we added 1 mg/l 24D, 0.1 mg/l BAP, 0.3 g/l
hydrolysed casein, 7 g/l agar and 30 g/l sucrose. The callus was grown in dark conditions, at a temperature of 25°C + 2°C.

Treatment protocol

The seven variants used by us were represented by: M - control (no treatment), E1 - treatment with fungal filtrate
obtained from Botrytis cinerea strains F1 (BcF1), E2 - treatment with fungal filtrate obtained from Botrytis cinerea strains Be
F1, Be F7, Be S1, Be P2, E3 - treatment with fungal filtrate from 7richoderma viride strains P 456 (TvP456), TvP1,
Trichoderma harzianum ThP8 and Penicillium chrysogenum A2 (Pc A2), E4 - treatment with fungal filtrate obtained from
strains Bc F1, Be F7, Be S1, Be P2, TvP456, TvP1, ThP8, Pc A2. PD1-E4 and PD2-E1 represented the technological variants
of E4 and EI fungal filtrate, which differed in concentration of initial fungal inoculums. Soybean cell suspensions were
treated for 24 hrs with the six fungal filtrates in 1%, 5% and 10% concentrations (w/v), each with three replicates, and were
maintained in dark, on an orbital shaker at 80 rpm. Each variant was.

Total protein extract preparation

The samples used for this experiment consisted of both cellular suspension soybean cells and cellular
suspension filtrate. Total cytosolic proteins were extracted by grinding the cells with quartz sand in phosphate buffer
0.05M, pH7, with 2 mM Na,EDTA and 4% (w/v) PVP, at 40°C. Extracellular proteins were obtained by suspension cell
filtration. After centrifugation at 15,000 rpm, for 15 min, the supernatant was stored at 4°C, and the total protein content
was measured according to BRADFORD (1976).

Enzyme quantification and electrophoretic analysis of isoenzymes

The quantification of enzymatic activity of peroxidases, catalases and superoxide dismutases was done as
described before (HELEPCIUC et al., 2014 — in press).

Isozyme electrophoresis was done in native polyacrylamide gel (10% polyacrylamide for POX and SOD, 8%
polyacrylamide for CAT) in 50mM Tris-glycine buffer, pH 7, at 10 mA for migration and 15 mA for concentration for
2 hrs. POX were stained using the method with benzidine in acetate buffer pH 5 (WANG & WANG, 1989). Superoxide
dismutase (SOD) was stained with Nitro Blue Tetrazolium according to BEAUCHAMP & FRIDOVICH (1971), and
catalase (CAT) was stained according to the method described by IORDACHESCU & DUMITRU (1988). For
quantification of each enzyme activity we have used three replicates.

RESULTS AND DISCUSSIONS

Callus and cell suspension particularities
In order to obtain cellular suspensions, it is important that the inoculum, represented by callus, to be friable.
However, we have obtained a compact, proliferative, non-morphogenic and very adherent callus, characteristics that
allowed us only to obtain a cell suspension formed of cell aggregates with a 1-2 mm diameter, rich in chlorophyll. The
structure of the obtained callus is probably a result of a very active secondary metabolism and a high content of proteins
involved in adhesion (KITABAKE & FUIJITA, 2000). Optic microscopy analysis of this callus on squash samples
identified small cells, with a weakly developed vacuome and a high rate of division, and of elongated cells, with well-
developed vacuoles and a high metabolic rate (Fig 1). In addition, we observed xylematic cells that facilitate the
transport of nutrients towards the interior of cell clusters (Fig. 1).

7

s L |
Figure 1. Light microscope observations of soybean cell suspensions on squash preparates: A. B — suspension cell aggregates with a
1-2 mm diameter: C — (xylematic) tracheids (cells) differentiation: D — small proliferating cells at the periphery of a cell aggregate.
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Cell suspension response to fungal elicitors

Administration of fungal elicitors did not induce either visually or microscopically changes in the treated variants
comparing with the control, but at biochemical level, the analysis of enzymes involved in oxidative stress control, like POX,
CAT and SOD indicated a defense response of the soybean cells suspension. SOD activity increased compared to the control,
but the response was not uniform, in several experimental variants the enzyme activity decreasing at higher concentrations of
the elicitor. The highest SOD activity value was recorded for the 5% elicitor concentration in E1 experimental variant, while
in 10% concentration variant the enzyme activity decreased (Fig. 2). The superoxide dismutase spectrum (Fig. 3) reveals five
SOD isoenzymes in all variants except for EI at 5% and 10% concentrations, in these two variants only two isoforms being

expressed. The SOD isozymes are not correlated with enzyme activity measurements.
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Figure 2. SOD activity in untreated cell suspensions (M) and in treated cell suspensions: E1. E2, E3, E4. PD1-E4 and PD2-E1. The
second digit of each sample represents the concentration of the fungal filtrate 1%. 5% or 10%.
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Figure 3. SOD electrophoretic spectra of untreated soybean cell suspension (M) and in treated cell suspensions: E1. E2. E3. E4. PD1-
E4 and PD2-E1. The second digit of each sample represents the concentration of the fungal filtrate 1%. 5% or 10%.

The treatment with fungal filtrates induced an increase in POX activity independent of concentration and the
type of elicitor used (Fig. 4). The highest POX activity level was observed for the 1% concentration of the experimental
variant E4. The treatments with the lowest concentration of fungal filtrate (i.e. 1%) induced an increase in POX activity
in variants E2 and E4.
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Figure 4. POX activity in untreated cell suspensions (M) and in treated cell suspensions: E1. E2. E3. E4. PD1-E4 and PD2-E1. The
second digit of each sample represents the concentration of the fungal filtrate 1%. 5% or 10%
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Electrophoresis of POX showed differences in the activities of the isozymes, generally correlated with the dynamics
of overall POX activity. POX isozymes are concentrated in the slow-migration zone and their activity increases in the E4
experimental variant. In case of E4 variant, new isoforms of POX are present in the samples treated with high concentrations
(10%) of fungal filtrate (Fig. 5, see arrow). It can also be observed that some treatments induce an overexpression of some
isoforms, for example the isoperoxidase from the last position on the gel in case of E2 variant (Fig. 5, see arrow) and the
isoperoxidase from the first position on the gel in case of E4 variant (Fig. 5, see arrow).

M E, E,10 E,5 E,1 E,S E,10 E,1 E,5 E,10 E,1 E,S EJ0PD,1 PD,SPD,I0PD,1 PD,5PD,10

Figure 5. POX electrophoretic spectra of untreated soybean cell suspension (M) and in treated cell suspensions:
El. E2. E3. E4. PD1-E4 and PD2-E1. The second digit of each sample represents the concentration of the fungal filtrate 1%, 5% or 10%.
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Figure 6. CAT activity in untreated cell suspensions (M) and in treated cell suspensions: E1. E2. E3. E4, PD1-E4 and PD2-EI.
The second digit of each sample represents the concentration of the fungal filtrate 1%. 5% or 10%.

CAT activity is generally decreasing comparing with the control, except for several experimental variants
which present an increase: E2 for a 1% fungal elicitor concentration and E4 at 1% and 5% (Fig. 6). In all these variants
POX activity was also higher. Electrophoresis of CAT in soybean cell suspensions showed a single isoenzyme (Fig. 7)
that is absent in experimental variant El, in higher concentrations, results which are correlated with the quantitative
assay of CAT. Also, in 5% E2 and 10% E3 variants the CAT isoform is not expressed.

M E,1E,5E 10 E;1 E,S E,10 E;1 E 5 E410 M E 1 E S F,10 PD,1 PD,5 PD,10 PD, 1 PD,5 PD,10

Figure 7. CAT electrophoretic spectra of untreated soybean cell suspension (M) and in treated cell suspensions:
El. E2. E3. E4, PD1-E4 and PD2-E1. The second digit of each sample represents the concentration of the fungal filtrate 1%. 5% or 10%.
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Peroxidase extracellular enzymatic activity in soybean cell suspensions was higher than at cellular level, which
indicates an intense excretion of peroxidases in extracellular medium. As in case of intracellular peroxidases, the
enzymatic activity in culture medium was generally higher than the control, except for E1 and PD-EI variants (Fig. 8).
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Figure 8. POX extracellular activity in untreated cell suspensions (M) and in treated cell suspensions:
El. E2. E3. E4. PD1-E4 and PD2-E1. The second digit of each sample represents the concentration of the fungal filtrate 1%. 5% or 10%.

Although our previous results showed an induction of catalase-detoxifying H,O, excess pathway
(COGALNICEANU et al., 2010, HELEPCIUC et al., 2014 in press), the current results indicate an involvement of peroxidase
rather than catalase in oxidative stress response of the cell to biotic elicitors. Similar results were mentioned previously in
scientific literature, when single elicitors or elicitors from just one species where used. For example, the results obtained by
SAISAVOEY et al. (2014) in Pueraria mirifica cell suspension treated with a plant endogenous elicitor, methyl jasmonate,
showed that catalase also decreased in elicited variants comparing with the control. Also, a study reveals that in Fuphorbia
pekinensis cell culture treated with fungal elicitors from Fusarium sp., at 48 hrs catalase activity is slightly higher in elicited
variants, but reaches a maximum six days after the elicitor administration (GAO et al., 201 1).

However, in our study, the E4 culture filtrate variant succeeded to induce an increase in POX, CAT and SOD
enzymatic activities, at 1% and 5% concentration, after 24 hrs treatment. As mentioned before, the E4 variant was
obtained by filtration of fungal cultures of four different species, with a total of eight fungal strains, so it contains the
highest variety of elicitors comparing with the other variants. Among them, there is a phytopathogenic species Botritys
cinerea, and three antagonistic species, Trichoderma viride, Trichoderma harzianum and Penicllium chrysogenum.
Previous studies reported the activation of various defense responses when mixtures of fungal elicitors were applied
(NAVAZIO et al., 2007). It is known that interference of signalling pathways provides a flexibility of plant defense
response, conferring improved disease resistance in plants (PIETERSE et al., 2006). Probably our mixtures of fungal
filtrates used contained molecules that elicit different signalling pathways which induced antioxidant defense response.

CONCLUSIONS

Fungal filtrates activated the antioxidant defense response in our system, inducing an increase in SOD, CAT
and POX antioxidant activity. The best defense response in soybean cell suspensions was obtained by treatment with E4
variant. All three antioxidant enzymes registered higher enzymatic activities comparing with the control. For the rest of
the experimental variants, SOD and POX had generally higher enzymatic activities than the control, while CAT showed
a lower activity. The mixture of the eight fungal strains from E4 induced the most efficient defense response, activating
the antioxidant response reflected by increased enzymatic activity in the experimental system used.
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BIOLOGICAL CHARACTERISTICS AND ACCUMULATION
OF POLYPHENOLICS IN Polygonum sachalinense INTRODUCED
IN THE FLORA OF THE REPUBLIC OF MOLDOVA

IVANOVA Raisa, TITEI Victor

Abstract. This research was designed (o study some biological characteristics of autochthonous variety GIGANT of Polygonum
sachalinense F. Schmidt ex Maxim (Giant knotweed) introduced and cultivated in the Republic of Moldova. The accumulation of
polyphenolics in both under-ground and aerial parts of a plant was also investigated. The total polyphenolic content was determined
by the Folin-Ciocalteu procedure. For chemical analyses we used fresh collected samples of rhizomes. leaves and flowers. The
results of biological indexes determination showed that in the natural conditions of R. Moldova the plants developed intensively, the
productivity of acrial biomass reaching 8.99 kg/m* or 2.69 kg/m’ of dry matter. Plants were not affected by atmospheric drought.
diseases and pests. The flowering phase begins after 135...150 days of vegetation. but the plant does not form fertile seeds. The
variety GIGANT can be multiplied only by vegetative procedure from rhizomes or cuttings. The accumulation of polyphenolic
substances in leaves took place in diverse periods of vegetation at different rates. but the increase of polyphenolics content in
rhizomes was constant. In the period of flowering the richest polyphenolics content was determined in flowers about 34.90+0.55 mg
per g of fresh weight. which decreased deeply in the period of seed formation (approximately 5 times).

Keywords: Polygonum sachalinense. variety GIGANT, biological characteristic. polyphenolics.

Rezumat. Particularitiigi biologice si acumularea de polifenoli la specia Polygonum sachalinense introdusi in flora
Republicii Moldova. Aceasta cercetare a fost conceputa pentru a studia unele caracteristici biologice ale soiului autohton
GIGANT de Polygonum sachalinense F. Schmidt ex Maxim (hrisca de Sahalin) cultivat in Republica Moldova. in plus a fost
investigatd acumularea polifenolilor in partile atdt subterane cét si aeriene ale plantelor. Continutul total de polifenoli a fost
determinat prin procedura Folin-Ciocalteu. Pentru analize chimice s-au folosit mostre proaspat colectate de rizomi. frunze si flori.
Rezultatele determinarilor ale indicilor biologice au aratat ca in conditiile naturale ale R. Moldova plantele se dezvolta intens.
productivitatea biomasei aeriene atinge 8.99 kg/m’ sau 2.69 kg/m* de substanta absolut uscata. Plantele nu au fost afectate de seceta
atmosferica. boli si daunatori. Faza de inflorire incepe dupa 135...150 zile de vegetatie, dar planta nu formeaza seminte fertile. Soiul
GIGANT poate fi multiplicat numai prin procedura vegetativa prin rizomi sau butasi. Acumularea substantelor polifenolice in frunze
a avut loc in diverse perioade de vegetatie la rate diferite. dar ascensiunea continutului de polifenoli in rizomi a fost constanta. in
perioada de inflorire cel mai bogat continut de polifenoli a fost determinat in flori 34.90+0.55 mg per g de greutate in stare proaspata.
care a scazut profund in perioada de formare a semintelor (aproximativ de 5 ori).

Cuvinte cheie: Polygonum sachalinense. soiul GIGANT. particularitaii biologice. polifenoli.

INTRODUCTION

The family Polygonaceae Juss (knotweed) includes about 50 genera and 1,100 species. Polygonum L. genus,
comprising approx. 200 extra tropical species typically found in areas of the northern hemisphere, presents a special interest.
The giant knotweed, native to the Far East of Russia and northem Japan, was introduced in Europe as omamental and fodder
plant in the 19® century. Being highly invasive, these exotic species is recognized as a major environmental management
problem in Europe (GERBER et al., 2008; KOVAROVA et al., 2011). However, many species of Polygonum spp. are known
due to the high rate of accumulation of biologically active substances beneficial to health (FAN et al., 2009; ZHANG et al.,
2005; ABD EL-KADER et al., 2013). Nine species of Polygonum L. were identified in the flora of R. Moldova, the most
common of which is Polygonum aviculare L., annual species with medicinal utility as antioxidant and anti-inflammatory
preparation (HSU, 2006; GRANICA et al., 2013). Due to the stable production and tolerance to pedoclimatic factors, the
perspective species for the Moldavian flora is the giant knotweed Polygonum sachalinense F. Schmidt ex Maxim, known also
by other synonym names: Reynoutria sachalinensis (F. Schmidt) Nakai, Fallopia sachalinensis (F. Schmidt) Ronse DECR.,
Pleuropterus sachalinensis (F. Schmidt) H. Gross, Tiniaria sachalinensis (F. Schmidt) Janch (STRASIL, 2006). As a result of
many years work for the naturalization, introduction and adaptation of Polygonum sachalinense F. Schmidt ex Maxim to the
conditions of the Republic of Moldova, it has been created a new autochthonous variety named G/GANT and registered in the
Catalogue of Plant Varieties of R. Moldova in 2012. This species is a natural source of secondary metabolite compounds,
which possesses biological activity. From different plant organs there have been isolated the compounds of stilbene group
(resveratrol and its glycoside derivates) and polyphenolics group (flavonoids, phenylpropanoids and its glycoside derivates).
Resveratrol and related phytocompounds exhibit antioxidant, anti-inflammatory and anticancer effects (GHANIM et al., 2010;
L1 et al,, 2013; YAN et al., 2014). It is known that the content of polyphenolics predetermined the biological activities, in
special radical scavenging activities (FU et al., 2008; IVANOVA, 2011). However, the chemical profile of polyphenolic
composition of knotweed species cultivated in R. Moldova is not studied. The aim of these researches was to determine the
biological characteristics and dynamics of polyphenolics accumulation during the vegetation period in different parts of
Polygonum sachalinense F. Schmidt ex Maxim, variety GIGANT.
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MATERIAL AND METHODS

Plant materials: rhizomes, leaves and flowers of Polygonum sachalinense F. Schmidt ex Maxim, variety
GIGANT were collected in Chisinau area of the Republic of Moldova (lat. 47°01', long. 28°52', alt. 173 m above sea
level), from the Botanical Garden (Institute) plantation in the season of 2013:

1) in April after 20 days of vegetation (Fig.la);

2) in June after 60 days, the end of intensive growth (Fig. 1b);
3) in September after 150 days, phase of florescence (Fig. 1¢);
4) in October after 180 days, phase of seed formation (Fig. 1d).

The biological characteristics have been studied according to the methodical recommendation (IVANOV, 1985).
The total polyphenolic content has been determined by Folin-Ciocalteu procedure (SINGLETON et al.,
1999) and calculated in gallic acid equivalent, in mg per g of fresh weight (FW).

d)

Figurel. Polygonum sachalinense F. Schmidt ex Maxim, variety GIGANT in different phases of vegetation.
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RESULTS AND DISCUSSIONS

In the first year of vegetation in the period between 20 and 25 days (in April) after bud emergence, the aerial
part of Polygonum sachalinense F. Schmidt ex Maxim, variety GIGANT grown up slowly, formed the rosette
comprising only of 3...5 leaves. During the next growth period, the development was accelerated by shoots initiating,
the height of which at the end of May reached to 47...63 cm, and had 5...7 formed internodes with leaves of 19...23 cm
in length and 8...11 cm in width. There was observed the branching of the central stem from the seventh internode
giving rise to shoots of the first, the second and the third degrees. So, at the end of August, the plants reached 164...170
cm and the stems between the first and the sixth internodes became ligneous; the flower buttons were forming. In the
underground, there was developed the turning root system, which consists of a main root, lateral roots and viable forms
of rhizomes with dormant buds. Next year, new shoots will develop from these buds. The majority of the roots were
concentrated in the soil layer of 5...30 cm, but some roots penetrated to a depth of 65...70 cm. Over 5-7 days from the
first autumn frosts, the leaves fell completely off shoots.

In the second year of vegetation, the plants revival started in the end of March; one bush contained about 9
shoots, which reached 3 m at the end of the year of vegetation. In the underground, the part of plants the intensely
developed root system formed the rhizomes of 2.3...4.2 cm thickness.

In the third year, the development rate was accelerated; one bush already gave about 11...15 shoots with the
dispersion area of 40...75 cm from the planting place. The plant height during 20 days of vegetation reached 1.5 m, in
mid-June - 3.1...3.6 m and in the flowering period was above of 4.2 m.

Table 1. Biological characteristics of Polygonum sachalinense F. Schmidt ex Maxim, variety GIGANT.

y . . Biomass productivity, Dry matter content, kg/m’
Month of sampling Height of stems, m ke/m’ eives total
April 0.7340.01 2.63+0.02 0.154+0.01 0.27+0.01
June 3.49+ 0.09 7.79+0.14 0.73+0.03 1.93+0.08
September 4.08+0.14 8.99+0.18 0.69+0.05 2.69+0.05
October 3.94+0.07 6.24+0.04 0.30+0.02 2.18+0.04

The results of biological indexes determination in 2013 showed that the plants developed intensively, the
productivity of aerial biomass reaching to 8.99 kg/m” or 2.69 kg/m” of dry matter (table 1). The quota of leaves biomass
in total harvested biomass during the vegetation period was decreased, the highest 37% being in June. Plants were not
affected by atmospheric drought, diseases and pests. The florescence phase began after 135...150 days of vegetation,
but the plant did not form fertile seeds. The variety GIGANT must be multiplied only by vegetative procedure from
rhizomes or cuttings.

40
35
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® Rhizomes

*» Flowers

Polyphenolics content, mg/g

20 60 150 180

Days of growth
Figure 2. Dynamics of polyphenolics accumulation in Polygonum sachalinense F. Schmidt ex Maxim, variety GIGANT.

The dynamics of synthesis and accumulation of polyphenolic substances in leaves and rhizomes of Polygonum
sachalinense F. Schmidt ex Maxim variety GIGANT throughout the growing season is represented in figure 2. In April
at the 20" day of growth, the leaves accumulated 5.89+0.05 mg of polyphenolics per g, which was 3 times less than in
rhizomes. In the period of 20-60 growing days, there has been observed the fastest accumulation of polyphenolic
substances in leaves, when the plants intensively developed. After that, the content of polyphenolics continued to
increase in leaves till the flowering period, but more slowly. In the period of seeds formation, the content of
polyphenolics in leaves decreased by 1.2 times in comparison with the flowering period. This fact reflected the
physiological reconstruction of plants and their preparation for winter. Thus, the accumulations of polyphenolic
substances in leaves took place in diverse periods of vegetation at different rates, but the increase of polyphenolics
content in rhizomes was constant (Fig. 2). The content of polyphenolics in flowers was 34.90+0.55 mg/g in the period
of abundant flowering, and 7.76+0.15 mg/g in the period of seeds formation.
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CONCLUSIONS

This study suggests that Polygonum sachalinense F. Schmidt ex Maxim, variety GIGANT cultivated in
Moldova manifested the highest biological characteristics of development and multiplication, being a promising source
of polyphenolics accumulated during the vegetation period; however, the potential properties of biological activity have
to be further studied.
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MEDIUM-TERM PRESERVATION OF Dianthus trifasciculatus Kit ssp. parviflorus
THROUGH MINIMAL CULTURES

HOLOBIUC Irina, VOICHITA Carmen, CATANA Rodica, MITOI Monica, HELEPCIUC Florenta

Abstract. The species taking in our study. Dianthus trifasciculatus ssp. parviflorus is a critically endangered taxon. in vitro studies being
useful for ex siru preservation purpose. Owing (o in vitro rapid growth and proliferation. it is important to establish a medium-term
conservation protocol based on minimal cultures. Several factors were tested concerning the ability to reduce the growth of tissues
cultures and 1o maintain regeneration capacity. Mannitol and PEG 4000 were proven to be the most suitable for the establishment of
minimal cultures. Regenerants from three years old minimal cultures maintained in the presence of mannitol were analysed conceming
isoenzymes spectrum for peroxidase. esterases. alkaline phosphatases and catalases. Biochemical analyses have shown that peroxidases
(POX) and catalases (CAT) are sensitive to the culture conditions (the maintenance in presence of osmolytes). The treatment with 6%
mannitol influenced the intensity of the bands analysed in the case of rooted plants even after 2 months of culture in the absence of any
osmolyte. The analysis of esterases and alkaline phosphatases spectra has shown the regenerants identity.

Keywords: Dianthus trifasciculatus Kit ssp. parviflorus. medium-term. minimal cultures. mannitol. isoenzymes spectra.

Rezumat. Conservarea pe termen mediu a speciei Dianthus trifasciculatus Kit ssp. parviflorus in culturi minimale.
Specia studiata de noi, D. trifasciculatus ssp. parviflorus esle un taxon critic periclita. studiile in vitro fiind utile pentru conservarea ex
situ. Datorita cresterii si proliferarii rapide este important si se stabileasca un protocol de conservare pe termen mediu bazat pe culturi
minimale. Mai mulii factori au fost testaji pentru abilitatea de a reduce cresterea culturilor de tesuturi si de a meniine capacitatea
regenerativa. Manitolul si PEG 4000 s-au dovedit a (1 cei mai potriviti pentru stabilirea culturilor minimale. Regeneranti proveniti din
culturi minimale de trei ani. mentinute in prezenta manitolului au fost analizati pentu spectrul peroxidazelor. esterazelor, [osfatazei
alcaline si catalazelor. Analiza biochimica a aratat cd peroxidazele si catalazele sunt sensibilie a conditiile de culturd (mentinerea in
prezenta osmolitilor). Tratamentul cu 6 % manitol influenieaza intensitatea benzilor analizate in cazul plantelor inrddacinate chiar dupa 2
luni de cultura in absenta oricarui osmolit. Analiza spectrelor esterazei si fosfatazei alcaline au aratat indentitatea regenerantilor.

Cuvinte cheie: Dianthus trifasciculatus Kit ssp. parviflorus. termen-mediu, culturi minimale. manitol. spectrele izoenzimatice.

INTRODUCTION

Biotechnology has proved its role for the plant biodiversity preservation, several results being obtained in the case of
cultivated plants, but also in the case of wild species and especially the threatened ones (BENSON, 1999; HOLOBIUC, 2006,
SARASAN et al,, 2006; ENGELMAN, 2010; REED et al., 2011; BUNN et al., 2011). As a huge progress occurred in this
area of research and many achievements are permanently reported, it is very important that the results (technologies) to be
recognized as useful and to be effectively integrated in the conservation programs (BENSON, 1999).

Biotechnology alternative based on in vitro cultures has not to substitute the classical successful methods, but
to complement them or to insure a reliable alternative in the case of threatened taxa with reproduction problems, low
variability and/ or small populations.

Tissue cultures ensure the preservation during different periods of time, independent of climate changes, pests,
in limited spaces. On the other hand, owing to the requirement of qualified staff, expenses for establishment and
maintenance of cultures and energy consumption, it is necessary to evaluate if the proposed aim of the conservation is
appropriate to be achieved using in vitro cultures. For this reason, it is important to establish optimized, reproducible
and low costing technologies, which can be easily implemented in practice.

Depending on the durations and methods used, three levels of conservation are available for ex situ
preservation: 1) short- term conservation: primary tissues cultures established for multiplication purpose, for temporary
storage of plant germplasm, for repopulation of the natural habitats and for international exchanges, 2) medium-term
conservation, during months and years, based on growth retardation of the tissues cultures 3) long-term conservation,
relied on cryopreservation procedures, which allow the maintenance on an indefinite period of time.

Medium-term conservation is based on the maintenance of tissue cultures in the presence of different
restrictive factors. The so called "slow growth” method is the result of the reduction of growth rate and multiplication
(WHITERS, 1987). Minimal cultures are obtained owing to this growth reduction and development through the
modulation of different factors (LYNCH, 1999). The interval of transfers can be prolonged, the cultures vessels can be
smaller and medium consumption and handling are also limited.

Medium-term preservation based on minimal cultures was extensively used especially in the case of cultivated
species (MALAURIE, 1993; WYSOTSKAYA, 1994; REED & CHANG, 1997; REED, 1999; SARKAR & NAIK, 1998,
SARKAR et al., 1999; GOPAL et al., 2002; CHA-UM et al., 2006) and also of wild threatened plants (REED et al., 2011).

In this field, different methods have already been reported based on the modulation of the physical factor as:
temperature, light, oxygen content (MULLIN & SCHLEGEL 1976; WESCOTT, 1981; REED, 1993; MORIGUGH]I et al.,
1995, CACHITA & HALMAGY, 1997: SARKAR & NAIK, 1998), a combination of several factors (REED. 1999;
NEGASH et al.. 2001) or chemical factors as: nutrient reduction (low mineral or sucrose concentrations) (NG & NG. 1991,
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MALAURIE et al., 1993), encapsulation in alginate (WITHERS, 1991; ENGELMANN, 1991; MALAURIE et al., 1998,
HOLOBIUC et al., 2009b), addition of osmotic active compounds (STARITSKY et al., 1986, NG & NG, 1991;
CONSTANTINOVICI, 1996: GOLDMIRZAIE & TOLEDO, 1999, NAGATOME et al., 2000; HOLOBIUC et al., 2009a;
2010) or the use of the growth retardants as flurprimidol or ancymidol (JARRET et al., 1991; SWARUP et al., 2001) or
growth inhibitors as Abscisic acid (HALMAGY et al., 2001).

For the ex situ preservation of threatened plant taxa, slow growth methods or minimal cultures represent
convenient alternatives and they can contribute to the establishment of in vitro collections (CONSTANTINOVICI,
1996; PENCE, 1999; HOLOBIUC et al., 2010).

In Romania, several achievements concerning the establishment of primary cultures and multiplication based
on short-term protocols in Dianthus threatened species were obtained (ZAPARTAN, 1995; CRISTEA et al., 2002;
MICLAUS et al., 2003; CRISTEA et al., 2004; MARCU et al., 2006; HOLOBIUC et al., 2006; HOLOBIUC et al.,
2009c; HOLOBIUC et al., 2010b; HOLOBIUC et al., 2013; CRISTEA et al., 2013; JARDA et al., 2014).

In the case of medium-term and long- term conservation of threatened Dianthus taxa, just few studies were reported
in Romania (HOLOBIUC et al., 2009a, b; HOLOBIUC et al., 2010; CATANA et al., 2010; JARDA et al., 201 1).

The species analysed in our study, D. trifasciculatus ssp. parviflorus is a critically endangered taxon
(DIHORU & NEGREAN, 2009), in vitro studies being useful for ex situ preservation purpose.

In this taxon, an optimized protocol for short-term preservation and multiplication have already been reported
(HOLOBIUC et al., 2013), but as all Diunthus species, this plant has an in vitro rapid growth and multiplication rate, for
this reason being important to establish a medium-term conservation protocol based on minimal cultures.

MATERIALS AND METHODS

For medium-term cultures initiation, we used as explants double node shoots fragments collected from the
primary regenerative cultures initiated from one individual. They were inoculated on different media variants based on
MURASHIGE & SKOOG formula (1962), added with Gamborg vitamins (GAMBORG et al., 1968) and supplemented
with different compounds. Several factors were tested for the induction of minimal cultures as osmolytes (PEG 4000,
mannitol, sucrose) and plant growth regulators as Abscisic acid (ABA) and Jasmonic acid (JA) (Table 1).

Table 1. Media composition used for the induction of minimal cultures in D. trifasciculatus ssp. parviflorus.

. Media variants
Composition Mi M2 M3 M4 M5 M6 M7 M8
Macroelements MS MS MS MS MS MS MS MS
Microelements MS MS MS MS MS MS MS MS
Complex B Vitamins BS B5 BS BS BS BS B5 BS
Plant regulators Abscisic acid - - - - - - 20 -
(mg/) Jasmonic acid - - - R - N R 3
Other compounds Mannitol - 30 60 - - - - -
(gM)
PEG 4000 - - - - - 60 - -
Sucrose 30 30 30 60 90 30 30 30
Agar (g/) 8 8 8 8 8 8 8 8

For each treatment, there were cultured 5 explants/ glass vessel in 3 repetitions. All the cultures were
maintained in the growth chamber at 2000 lux illumination and 16/8 photoperiod and 25°C temperature.

The cultures were evaluated using 2 parameters: the maximum length of the developed shoots/ initial explant
(in mm) and the mean number of regenerants/ initial explant scored after different time intervals (40, 80 and 120 days,
respectively) to characterize the behaviour and main step of establishment of minimal cultures in this taxon.

Graphic values are expressed as mean values +SD. The data were statistically analysed using Daniel's XL
Toolbox version 6.52. One-way analysis of variance (ANOVA) was applied to calculate the statistical significance at
p<0.05. Multiple Tukey Comparison test was also used to compare the means at 5% probability level.

The minimal cultures with the best response concerning the growth reduction and regeneration capacity were
maintained in the Dianthus taxa collection established by us during several years.

From three years old minimal cultures, maintained on 3% and 6% mannitol added media, were regenerated
plants after their rooting on IBA (1mg/]) supplemented culture medium. These regenerants were biochemically analysed
concerning isoenzymes spectrum for peroxidase, esterases, alkaline phosphatases and catalases to check if the
preservation in medium-term culture during several years influenced their stability.

Biochemical analyses of the regenerants from medium-term cultures: rooted plants obtained from 3 years
long-term cultures maintained in the presence of mannitol 3 % and 6 % as factor which reduces the growth, but also
compatible with the maintenance of regeneration ability and long survival of the cultures were analysed concerning the
pattern of several isoenzymes as peroxidases, esterases, catalases and alkaline phosphatases.
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Two samples were collected from every 5 jars (I-V) and the number of individuals analysed were 1, 17,2, 2.3,
3.4, 4" and 5. 5°. The samples from the first jar (1 anl”) derived from medium-term cultures maintained in the
presence of 6% mannitol, the others from cultures maintained in the presence of 3% mannitol.

Preparation of total protein extract.

The plant material was ground with quartz sand for obtaining the homogenate of the total protein extract. The
extraction of enzymes was carried out in 0.05M phosphate buffer pH 7.2mM EDTA, PVP 4%, at 4°C for 4h. After
centrifugation at 18000 rpm, for 20 min, the supernatant was used for electrophoresis. It was prepared the running
polyacrylamide gel 7% (for catalases) and 10 % (for esterases, phosphatases and peroxidases) and stacking gel; as
buffer we used 0.05M Tris-Gly, pH 8.3. The running marker was bromophenol blue.

Isozymes electrophoretic spectra.

a) For peroxidases detection, a solution of benzidine in acetate buffer and H,O, as substrate was used. The bands
were stained in brown (WANG & WANG, 1989). A solution of benzidine in acetate buffer and H,O, was used as substrate.

b) For esterases detection, the substrate o, B—naphthyl acetate and Fast Blue RR dissolved in phosphate buffer
0.1 M, pH=6.5 were used. The bands were stained in red-violet. (BACH, 1989, a modified method).

¢) For catalases, 0.003% H,O, prepared in 0.01 M phosphate buffer, pH=7, 2% K;(Fe(CN);) and 2 % FeCl; were
used as substrate. The bands were stained in yellow with a background green-blue (IORDACHESCU & DUMITRU, 1988).

d) For phosphatases alkaline, as substrate Na oo —naphthyl phosphate, 0.5M MgCl, and 0.25 M MnCl, and Fast
Blue RR in Tris-citrate, pH=8.3 was used. The bands were stained in brown.

RESULTS AND DISCUSSIONS

As a condition to establish medium-term cultures as ex situ preservation tool is necessary to have a
reproducible and affordable protocol, which can help to minimize the growth and also to maintain the regeneration
ability with a reduction of the interval of cultures transfers.

Using double node-stem fragments as explants, several variants of media were tested concerning the growth and
regeneration response of the explants to check which is the most appropriate for our aim to maintain in collection as minimal
cultures. The parameters scored after different time intervals (40, 80 and 120 days) showed significant differences concerning
the growth and regeneration between M1 (control) and the other variants M2-M7 (Tables 2 and 3).

Concerning the growth reduction, the first parameter scored by us (the maximum growth or length of the
shoots developed on the initial explant), comparing to M1 medium, on almost all variant tested (excepting M8 added
with Jasmonic acid) was registered a growth retardation effect (Fig. 1).

In the case of the osmolytes addition in the culture media, the reduction of growth was pronounced in the first
months. This effect of growth limitation was maintained during the time as effect of osmotic stress imposed by
mannitol, PEG or sucrose.

In the case of use of PEG 4000 at the level tested (6%), the reduction of growth registered after 40 days was weaker
compared to mannitol and even to sucrose added media. The rooting process occurred more slowly compared to the variants
with mannitol.

media variants

[lm40 days H 80 days 120 days ]

Figure 1. Maximum growth of the shoots registered in minimal cultures of D. trifasciculatus ssp. parviflorus after different interval of time.

Table 2. Mean values and standard deviation for maximum growth of
shoots/explant registered on different media variants after 40. 80 and 120 days.

sl M1 M2 M3 M4 M5 M6 M7 MS
analysed

40 days 14,334 34 36502 % 34607 | 5.47£05* | 3.87:0.83* | 34%052 | 4.27+0.64* 7.53+3.51"
80 days 24+1 44% 387£023* | 32+034* | 827+241* | 527+0,75* | 3.93:03* | 4.73£0.57* 12£2 39%
120 days 47.67£5.47% | 4.67£0.94*% 3204% 8.87+1.28* 5.8:0.2% 6+0.34% 7731 81% 47.52£16.95

Legend: Values are means of 3 replicates with standard error. * showed that the values are significantly different from the M1 (control) by the Tukey

test at (P<0.05).
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Cultures performed on variants M2, M3, M6 showed a growth limitation similarly after 40 days.

The level of 6% sucrose was less limiting concerning the growth of shoots comparing to the higher level (9%)
concerning the growth of shoots. After increasing the period of the culture, sucrose in excess proved to have a toxic
effect inducing shoots death, despite of some inductor effect concerning the regeneration, aspect more evident after 3
months of exposure. Some already developed shoots degenerated and some new developed. After 120 days, a generally
reduction of the growth of the shoots was noticed in the cultures maintained on the variants M2-M7 (Fig. 1).

Abscisic acid presence (20 mg/l) determined the arrest of the growth and absence of regeneration; the lateral
meristem of explants could be maintained in a latent stage during 2-3 months.

Jasmonic acid added in variant M8 determined a good vigour of plants, but did not reduce the growth, which
was similarly to the control, allowing the development of 1-2 lateral shoots.

Concerning the induction and the maintenance of the regenerative process, the best values were registered in
the presence of mannitol 3% and PEG 4000 at 6% level starting from the first month of culture (Fig. 2).

The regeneration capacity scored as mean number of shoots/ explant showed that after a first slow inhibitory
effect after the initiation of the cultures in the first month, lately a stimulatory effect was detected; the variant added
with mannitol at 3% level induced the best response after 80 days (Fig. 3a) and 120 days of maintenance, the number of
regenerants increasing in time despite their reduced growth. The initial explants degenerated, but new regenerants
developed starting form lateral meristems as primary origin.

Also the presence of 6% mannitol had an inductor effect on the regeneration process, with the best rate after
120 days. The stress effect was overcome later, in the second month on this variant, the degeneration of the first
regenerants occurred, but the extension of the maintenance in the same conditions allowed the development of a large
number of small propagules (regenerants) (Fig. 2) after 120 days.

In the case of PEG 4000, the effect concerning the reduction of the growth was not so strong, but also
stimulated the regeneration process after a delay of the morphogenesis in the first month, a resuscitation of the process
appeared subsequently.

In the first phase of the establishment of the medium-term cultures, PEG presence inhibited the rooting
process, but in the second month of culture, the primary stress effect was overcome by the plants adaptation
mechanisms and rhizogenesis process was also induced (Figs. 3e, 3c¢).

The addition of sucrose at 6 and 9% final concentrations as osmotic factors determined the reduction of the
growth (Fig. 1) and sustained the regeneration process, especially in the first two months (Fig. 2).

The mean values of the regenerants/explant were lower than mannitol and PEG 4000 - added variants and
decreasing in time owing to the degeneration of the neo-formed shoots. Despite of the positive effect observed in the first
month, the signs preceding the necrosis and cellular death were correlated to the activation of the synthesis of anthocyanins
(Fig. 3d, f). As result, after 120 days, some of the shoots died, but some new buds developed for a short time.

The extension of the duration of the maintenance of the cultures more than 120 days conducted to the
conclusion that minimal cultures in this taxon can be optimally performed in the presence of mannitol 3 %, the reduced
growth being associated with very good regeneration, results comparable to other Dianthus taxa, studied by us
(HOLOBIUC et al., 2010).

In the presence of PEG 6%, the regeneration rate decreased comparing to that registered in the presence of
mannitol. In the case of sucrose excess, despite the acceptable effect noticed in the first two months, after 120 days, the
shoots started to die, after an activation of the synthesis of anthocyanins before this radical response.

In case of the use of Abscisic acid, as growth inhibitor, the level tested by us (20 mg/l) allowed the
maintenance of the explant at the initial state for 3 months (the lateral meristems did not grow and not develop lateral
shoots). The presence of Jasmonic acid (3 mg/l) had an opposite effect, conducting to similar results concerning the
regeneration to the control, but the shoots were better developed.

70 A

60

50 + - -

30 A

20 -

10 +

nesnrunvberof

media variant

!- 40 days [@™ 80 days 120 days]

Figure 2. The mean number of shoots/explants registered in the minimal cultures of D. trifasciculatus ssp. parviflorus
after different intervals of time.
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Table 3. Mean values and standard deviation for maximum growth of
shoots/explant registered on different media variants after 40, 80, and 120 days.

Variants analysed Ml M2 M3 M4 M5 M6 M7 M8
40 days 4.8+14* 5.67+0.9 4.93£0.75 4.67+0.11 4.87+0.8 2.87+0,75 1,07+0,11* 1.08+0,34*
80 days 8+3.04* 9.93+6.98 11+6.53 7.33+3.06 5.6£1.29 13.4+5.06 1,2+041* 8.26+4.53
120 days 20,27+6,87* | 47.13+14,69 | 32.66+12.33 8.53+3,04 10.8+4.16 35,13+8.83 1.27+£0.45*% | 15,06+26.81

Values are means of 3 replicates with standard error. * showed that the values are significantly different compared with the M1 (control) by the Tukey

test at (P<0.05).

=

Figure 3a. Minimal cultures in D. trifasciculatus ssp. parviflorus
established in presence of 3% mannitol after 80 days (Bar =1 cm)

(original).

Figure 3b. Minimal cultures with direct morphogenesis and
activation of the synthesis of anthocyanins in the presence of 6%
mannitol after 80 days (Bar =1 cm) (original).

Figure 3c. egenerative aggregats with limited growth
induced in the presence of 6% PEG 4000 after 80 days
(Bar = lcm) (original).

Figure 3d. Morphogenic minimal cultures with active the synthesis
of anthocyanins preceding shoots degeneration in the presence of
9% sucrose after 80 days of culture (Bar = 1 cm) (original).

Figure 3e. Morphogenic minimal cultures maintained in the
presence of PEG 4000 6% after 6 months (Bar = 1 ¢cm) (original).

Figure 3f. Minimal cultures maintained in the presence of sucrose
6% during 6 months (Bar = 1 ¢cm) (original).
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Biochemical analysis of in vitro regenerated plant material from minimal culture.

The genetic stability of the preserved plant material was usually evaluated in the case of cultivated or
medicinal plants in vitro regenerated and/or maintained in collections. For this purpose, besides molecular markers,
biochemical analysis proved to be useful to study the effect of in vitro micropropagation and also for the
characterization of medium-term cultures maintained in vitro.

Isoenzymes spectra are detected by electrophoresis and specific staining of the bands; a certain configuration
of the bands can be detected according to the number of the loci, the homo or heterozygous status and the number of
subunits (BUTIUC-KEUL, 2006). In fact, isoenzymes are codified by genes situated on different loci but codifying
proteins with the same enzymatic activity.

The results concerning the isoenzymes spectra analysed by us in the case of clones of D. trifasciculatus ssp.
parviflorus regenerated from minimal cultures are shown in figure 4.

Electrophoresis spectra of peroxidases (POX).

Peroxidases electrophoretic spectrum in the case of the samples 2,2°, 3,3°, 4,4* and 5.5° consisted in 5 bands
with some differences of intensity in the case of samples 2,2°-5,5’(more intense)- Fig. 4.

Electrophoresis spectra of POX determined in the case of the samples | and 1’ originated on medium-term
cultures maintained in the presence of a higher level of mannitol (6%) showed a different intensity of bands comparing
to the samples originated in medium term cultures maintained on lower level of mannitol (3%).

Alkaline phosphatases electrophoretic spectrum showed a single band in all analysed samples, proving the
identity of these clones concerning this character (marker).

Isoesterase spectrum showed also the identity in all samples (clones) analysed, with a more intense
expression in the case of samples derived of mannitol 6% cultures.

Peroxidases are inducible and more sensitive to the condition of culture and physiological status of the plants,
but isoesterases are more stable, being preferred in some cases to asses genetic diversity or variability.

For catalase spectrum, in the samples 1 and I’ a low intensity of the bands was detected, but in the case of 3°
sample, an intensification of catalase activity and higher intensity of the bands was noticed, meanwhile the clones 2, 2°,
3,4,4°, 5,5 shown the same pattern of bands.

The use of this biochemical marker is not suitable to check the plants variability, being most susceptible to
environmental conditions (the conditions of culture and the developmental stage).

POX

EST

Figure 4. Isoenzymes spectra in the case of regenerants derived from medium-term cultures
in D. trifasciculatus ssp. parviflorus (original).

Isoenzymes were used before to characterize the clones of in vitro regenerated Atropa belladonna (BUTIUC-
KEUL et al., 2005). The aim was to detect lines highly productive of atropine, but isoperoxidases spectrum did not
show any differences among the clones.
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In the regenerants obtained in the primary cultures of Arnica montana, BUTIUC-KEUL & DELIU (2001),
reported that isoesterase pattern was the same in all individuals, proved to obtain a clonal propagation.

In sweet potato accessions maintained in vitro during 1.6 years, regenerants conserved their isoenzymes profile
concerning 5 enzyme systems, showing genetic stability (LAKHANPAUL et al., 1990). KRZAKOWA (1996) reported
the use of peroxidase spectrum to detect differences among individuals and populations of Phragmites australis.

In the case of two Dianthus taxa preserved in medium-term cultures (D. spiculifolius and D. glacialis
ssp.gelidus), isoenzymes profiles and activity were used previously to evaluate the cultures maintained in the presence
of different levels of mannitol.

The antioxidant enzymes activity and profiles in the first month and after prolonged exposure at osmotic stress
(several months) were influenced by the concentration of the osmolytes, the duration of exposure to stress and by the
capacity to overcome the stress and to induce developmental processes as morphogenesis and even somatic
embryogenesis (HOLOBIUC et al., 2009a; HOLOBIUC et al., 2010). Isoenzymes pattemns were correlated to the
adaptation to osmotic stress, growth reduction and regeneration process.

CONCLUSIONS

Our studies concerning the induction of minimal cultures in D. rrifasciculatus ssp. parviflorus proved that
taking into account the main purpose, different factors added in culture media can be used to obtain different results: a
reduction of growth, but associated to a very high multiplication, a moderate growth and an acceptable multiplication
rate or even stopping the development of the explants.

Both mannitol and PEG 4000 can be used for minimal cultures establishment. In case of mannitol, the
limitation of growth is stronger and regeneration better. Mannitol at moderate level and PEG 4000 can be used for long-
term maintenance of the regenerative cultures. The regeneration rate in the presence of PEG is good, but the rooting of
regenerants occurred slowly.

If the aim is just to maintain the explants per se, ABA-added medium variant can be used for 2-3 months
preservation, the lateral meristems of the explants did not evolve and explants did not root.

On the other hand, the presence of Jasmonic acid in the culture medium improved the plant growth and vigour
being suitable to be applied before different selective factors or before acclimatization.

Our results showed that POX and CAT are sensitive to the culture conditions (the previously treatment with
osmolytes applied during medium—term cultures). The maintenance of the culture in the presence of 6% mannitol influenced
the intensity of the detected bands even after 2 months of culture of regenerated shoots in the absence of any osmolyte.

Esterases and alkaline phosphatases spectra have shown the regenerants plants identity; their origin was the same.

The minimal cultures were successfully established in this taxon and healthy and normal plants can be
regenerated even afier several years of maintenance.
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FACTORS AFFECTING THE ROOTING OF CUTTINGS
OF Syringa vulgaris L. CULTIVARS

LYUBOMIROVA Teodora, ILIEV Ivan

Abstract. Syringa vulgaris 1.. is famous for its great diversity of ornamental cultivars and hybrids. The vegetative propagation aims at their
conservation and use in the design of gardens and parks. For this reason stem cuttings were collected from old individuals ol the species.
*Charles Jolly” and *“Mme Florent Stepman’. One-year old hardwood cuttings were taken in the beginning of spring from dormant
individuals and green. sofiwood cuttings. were collected in the middle of blooming stage. The base of the cuttings was dipped in IBA
powder in concentrations 0.3%. 0.5%. and 0.8% and untreated cuttings were used as control. Our results indicated that rooting was not
induced on the hardwood cuttings. All treatments with IBA supported the induction of rooting in softwood cuttings and decreased the period
of rooting. The cuttings from *Charles Joly™ and Syringa vulgaris reached statistically the highest value of rooting (45.0 + 2.9% and 50.0 +
5.0%. respectively). but they did not show statistically signilicant differences between them. The rooting registered the lowest value in the
cuttings from *"Mme Florent Stepman’ (33.3 £ 13.6%).

Keywords: IBA. lilac. propagation.

Rezumat. Factorii care afecteaza formarea ridicinii la butasii soiurilor de Syringa vulgaris L. Syringa vulgaris L. este
renumit pentru marea sa diversitate de soiuri si hibrizi ornamentali. Inmultirea vegetativa are ca scop conservarea si utilizarea lor in
proiectarea de gradini si parcuri. Din acest motiv. butasti obtinuii din tulpina au fost colectati de la plantele mature. aparjinand speciilor
"Charles Jolly" si "Doamna Florent Stepman”. Butasii lemnosi. de un an. au fost prelevaii la inceputul primaverii de la specimenele latente si
butasii verzi au fost colectaii la mijlocul stadiului de inflorire. Baza butasilor a fost scufundata in pudra de IBA. cu concentraiii de 0.3%.
0.5%. 0.8%. dar au fost lolosili si butasi netratati. ca proba martor. Rezultatele noastre au indicat ca inradacinarea nu a fost indusa in cazul
butasilor lemnosi. Toate tratamentele cu IBA au indicat inradacinarea la butasi objinuti din lastari si reducerea perioadei de inradacinare.
Butasii de la "Charles Joly" si Svringa vulgaris au atins statistic cea mai mare rata de inradacinare (45.0 £ 2.9% si 50.0 + 5.0%. respectiv).
dar nu s-au remarcat diferenie statistice semnificative intre ei. Cea mai redusa rata de inradacinarc a fost inregistrata la butasii proveniti de la
"Doamna Florent Stepman” (33.3 + 13.6%).

Cuvinte cheie: IBA. liliac. inmuljire.

INTRODUCTION

Common lilac (Syringa vulgaris L.) is famous for its great diversity of omamental cultivars and hybrids
(KRUSSMANN, 1984; DIRR & HEUSER,1987; DIRR, 1998; FIALA, 2008) making it very suitable for use in urban areas.

The cloning of its cultivars is performed by grafting on seedlings. However, the production of large quantities
of grafts is limited by the season, period duration for rootstock production, and the success depends on the method of
grafting (KRUSSMANN, 1984; DIRR & HEUSER, 1987; DIRR, 1998; FIALA, 2008). Also, the grafting is labour-
consuming and needs large areas. That is why the rooting of cuttings is an easier and cheaper method for cloning of the
lilac cultivars and hybrids. According to BOJARCZUK (1975) own-root lilacs grow more intensively, exhibit more
viability and are considered more resistant to disease than grafted plants. They are also easier to propagate since root
sprouts originate from the same cultivar.

Rhizogenesis in cuttings of woody plants can be affected by a variety of factors that include genotype and age
of the donor plant, physiological state at the time of excision, age or degree of lignification of the tissues in the cutting
and environmental conditions that support the expression of the rooting potential (CAMERON et al., 2003).

Syringa vulgaris cuttings are generally considered difficult to root because they can be rooted only for a short period
during the year i.e. only during the phase of full bloom (SCHMIDT, 1978; BOJARCZUK, 1975, 1978a, 1979; DIRR &
HEUSER, 1987; DIRR, 1998; HARTMANN et al., 2002; CAMERON et al., 2003). Rooting varies considerably between the
cultivars (SCHMIDT, 1978; BOJARCZUK,1979; BASSUK et al., 1984; TYATYUSHKINA, 2007) and depends on their age
(WALDENMAIER & BUNEMANN, 1991), and different part of the shoots (BOJARCZUK & JANKIEWICZ, 1975;
SCHMIDT, 1978). It was demonstrated that severe pruning, which promotes rapid growth from relatively few shoots, is
beneficial and is widely used since it is considered to restore or maintain juvenile characteristics, including ease of rooting
(CAMERON et al., 2003). It was found that etiolation could facilitate the rooting of cuttings (BASSUK et. al.,1984;
PATIENCE & ALDERSON, 1984, HOWARD & RIDOUT, 1992). It has been shown that the type of auxin and its
concentration is essential for rooting of softwood lilac cuttings; however the percentage of rooted cuttings and the optimal
concentrations of auxin are cultivar dependant (BOJARCZUK, 1975; DIRR, 1987).

The aim of this work was to study the effect of the physiological status of the stock plants, cultivar, and
concentration of IBA on rooting of Syringa vulgaris cuttings.
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MATERIAL AND METHODS

Stem cuttings of 8 to 12 cm in length were collected from old individuals of the species, ‘Charles Jolly’, and “Mme
Florent Stepman’. To study the effect of physiological condition of the donor plant on the rooting, one-year old hardwood
cuttings were taken in the beginning of spring from dormant individuals (on March 20 and 21, 2012) and green, softwood
cuttings, were collected in the middle of blooming stage (on May 7, 8, and 9, 2012). The leaves from the lower part of the
stem (4-8 cm) were removed and discarded and the cuts were made 2-3 mm under the lowest buds. For decreasing of the
transpiration, most leaves were eliminated and two-thirds of the leaf blade of all upper leaves was removed. The base of the
cuttings was dipped into indole-3-butyric acid (IBA) powder in concentrations 0.3%, 0.5%, and 0.8% and non-treated cuttings
were used as control. They were inserted at 3 x 3 cm spacing directly into rooting substrate of peat and perlite (2:1; v/v) on a
mist propagation bench in glasshouse (Fig. 1). Air temperature on the mist bench was 20 + 2°C. The air humidity was
controlled by automatic mist system and was 70%. Rooting was defined as the emergence of one or more roots of 3 mm or
longer in length. The formation of callus, percentage of rooted cuttings, number of roots per cutting, and root length (total
length of all first order roots per cutting was calculated) was recorded after 35, 55, 75, and 95 days.

= |

Figure 1. Cuttings inserted into rooting substrate of peat and perlite (2:1: v/v) on a mist propagation bench in glasshouse.

Each treatment, cultivar, and season contained three replicates and for each of them 20 cuttings were used. The
results were analysed by One-Way ANOVA followed by a post hoc LSD test at p < 0.05, using SPSS 20.0 for Windows.
Percentage values were transformed using arcsine square root (VP) (COMPTON 1994) to normalize error distribution prior
variance analysis.

RESULTS

Callus formation was not observed on the hard-wood cuttings. However, its formation was observed before the
rooting of soft-wood cuttings (Fig. 2) after 35 days from the beginning of the experiment and depended on the genotype
peculiarities of the investigated cultivars. However, in ‘Charles Joly’ the rate of cuttings, formed callus increased until
the 55™ day. In the highest concentrations of IBA (0.5% and 0.8%) the callus formation continued in the cuttings of
‘Charles Joly” until the 55™ day when 0.5% IBA was used. After these periods, some of the cuttings with callus died
but, statistically, their mean rate remained the same (Table 1).

Figure 2. Callus and root primordium formation on the cuttings.
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In the end of experiment the size of the callus reached about 1.0 cm. Different treatments did not affect-statistically
the rate of the cuttings with callus in ‘Charles Joly” and “Mme Florent Stepman’, but in Syringa vulgaris, the cuttings formed
callus decreased with the increasing of IBA concentration (Table 1). However, a higher rate of cuttings formed callus was
observed after treatment with 0.3% IBA and it was statistically higher in the cuttings of ‘Charles Joly’ and Syringa vulgaris
(46.7 +4.4% and 61.7 + 9.3%, resp.) in comparison with “Mme Florent Stepman’ (20.0 + 10.4%) (Table 1).

Table 1. Factors affecting the dynamics of callus formation (%).

. Concentration 35" day 55" day 75" day 95" day
Cultivar of IBA
M+ SE M+ SE M= SE M+ SE
Control 483+83cA 76.7+10.9dC 66.7+ 8.3 d BC 56.7+ 8.3 ef AB
| 0.3 % 483+44cA 73.3+73dB 65.0+7.3dAB 61.7+93fAB
0.5 % 400+£50cA 41.7+44bc A 31.7+17bHA 283+ 1.7abc A
0.8 % 35.0+58cA 51.7£83bc A 450+ 5.8 bc A 41.7+44 cde A
Control 10.0+29aA 36.7+£1.7bcB 40.0+5.8bcB 36.7+1.7bcd B
5 0.3 % 30.0+ 7.6 abc A 550+7.6cB 51.7+93c¢dB 46.7+ 4.4 c-f AB
- 0.5 % 30.0+58abc A 50.0+7.6 bc B 533+10.1cdB 53.3+6.0 defB
0.8 % 350+£29bc A 36.7+£1.7bc A 433+1.7bc A 450+£50c-fA
Control 13.3+109ab A 11.7£93aA 83+33aA 100£50aA
3 0.3 % 30.0+5.0 abc A 333+£10.1b A 250+50ab A 20.0+10.4ab A
0.5 % 33.3+7.3bc AB 383+73bcB 35.0+2.9bc AB 16.7+6.0ab A
0.8 % 333+6.0bc A 41.7+6.0bc A 450+ 11.5bc A 31.7+83bc A

The means (M) + standard error (SE) within a column followed by the same small letter and in the rows
followed by the same capital letter are not significantly different estimated by One-Way ANOVA followed by a post
hoc LSD test at p <0.05

Legend: 1 — Syringa vulgaris, 2 — Syringa vulgaris *Charles Joly’, 3 — Syringa vulgaris "Mme Florent Stepman’

Our results indicated that rooting was not induced on the hardwood cuttings (data not shown). The beginning of the
adventitious roots formation in softwood cuttings was observed incidentally in some treatments after 35 days from the
beginning of the experiment. In the control variant, the rooting began after 55 days and statistically increased until the 75™
day. Although all investigated genotypes demonstrated lowest rooting rates of the non-treated cuttings, it could be noticed that
cuttings from “Charles Joly’ and Syringa vulgaris, demonstrated statistically higher rooting potential in the end of experiment
(18.3 +4.4% and 20.0 + 5.8%, resp.) than ‘Mme Florent Stepman’ (1.7 = 1.7%), which can be ascribed to the higher potential
of the genotype rootability of these cultivars. However, all treatments with IBA supported the induction of rooting and
decreased the period of rooting. The cuttings from ‘Charles Joly” and Syringa vulgaris reached statistically the highest value
of rooting (45.0 + 2.9% and 50.0 + 5.0%, respectively), but they did not show statistically significant differences between
them (Fig. 3).

Figure 3. Morphological peculiarities of the root system of a cutting.
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not statistically different from ‘Charles Joly’ (Table 2).

Table 2. Factors alfecting the dvnamics ol the rooting process (%).

The rooting registered the lowest value in the cuttings from ‘Mme Florent Stepman’ (33.3 £ 13.6%), but it was

Cultivar Concentration of 35th day §5th day 75th day 95th day
1BA M= SE Mz SE M= SE Mz SE

Control 0.0+0.0aA 0.0+ 0.0aA 18.3+6.0bcd B 200+ 5.8bcB

. 03 % 33+1.7aA 433+ 1.7¢B 483+33(B 500+ 50eB
0.5 % 5.0£29aA 233+ 1.7c¢dB 233+ 1.7cde B 250+ 00bcB
0.8 % 33+x1.7aA 31.7+ 44deB 31.7+73deB 333+ 60cdB
Control 0.0+00aA 1.7+ 1.7ab A 5.0+ 2.9abAB 183+ 44bcB
5 0.3 % 0.0+00aA 21.7+ 93c¢dB 36.7+6.0elBC 417+ 1.7deC
0.5 % 00+£00aA 150+ 5.0 abc AB 30.0+ 5.0de BC 450+ 29deC
0.8 % 0.0x00aA 183+ 83cd AB 283+ 10.1de B 333+ 88cdB

Control 0.0+£00aA 0.0+ 0.0aA 1.7£1.7aA 1.7+ 1.7aA
3 03 % 0.0+00aA 83+ 1.7abc A 83+ 1.7abc A 133+ 33abA
N 0.5 % 1.7#1.7aA 16.7+ 44bcd AB 233+88cdeB 233+ 88bcB
0.8 % 00+00aA 183+ 13.3cdB 31.7+142de B 333+13.6¢dB

The means (M) = standard error (SE) within a column followed by the same small letter and in the rows
followed by capital letter are not significantly different estimated by One-Way ANOVA followed by a post hoc LSD
test at p <0.05

Legend: | — Syringa vuligaris, 2 - Syringa vulgaris *Charles Joly', 3 — Syringa vulgaris *“Mme Florent Stepman’

The results of the experiments showed conclusively that the rooting potential is determined by all investigated
factors. The duration of cultivation was statistically the most significant factor for the rooting of cuttings (Table 3, F =
55.598, p = 0.000). Another key factor, also statistically significant, was the concentration of IBA (Table 3, F = 25.528,
p = 0.000). Adventitious root induction depended also on the genotype of the donor plant (Table 3, F = 16.661, p =
0.000) but it was the most insignificant of the investigated factors.

Table 3. Significance of the studied factors and their combinations on the dynamic of rooting estimated by a post hoc LSD test.

Factors F . Le.vcl of
significance
CV 16.661 0.000
C 25.528 0.000
DR 55.598 0.000
CVxC 5.191 0.000
CV x DR 2.555 0.024
C xDR 2.465 0.014
CV xC xDR 107.658 0.298

a R Squared = 0.792 (Adjusted R Squared = 0.691), p < 0.05.

l.egend: CV = Cultivar, C = Concentration of IBA, DR = Duration of rooting

Our investigation showed that the number of roots was statistically least on non-treated cuttings (control). The
number of induced roots increased statistically significantly until the 55" day after all treatments with IBA.

In the end of the experiment, the highest number of roots was induced in Syringa vulgaris, after the treatment of
their cuttings with 0.5% IBA (10.3 £ 1.4), in ‘Charles Joly’ after the treatment with 0.3% IBA (5.1 + 0.5), and in ‘Mme
Florent Stepman’ the maximal number of roots was observed after the treatment with 0.8% IBA (8.3 + 1.4). However, it
should be noted that the concentration of IBA did not affect statistically the number of roots within a cultivar. A exception
of this tendency was found only in the cuttings of ‘Mme Florent Stepman’, which formed statistically more roots after the
treatment with 0.8% IBA (Table 4).

Table 4. Factors affecting the number of inducted roots.

Concentration of 35" day 55" day 75™ day 95" day
Cultivar IBA

(mg ') M=z SE M+ SE M=+ SE Mz SE

Control 00£00aA 0.0x00aA 21+04aB 35+£0.7abC

| 0.3 % 1.5£05bA 4.5+ 0.6 cdf AB 7.0£09bBC 79+£1.1c¢C
0.5% 1.5+05bA 76+14¢gAB 106+ 1.3cB 103+£14¢B

0.8 % 50£20cA 6.1+1.0egA 76£12bA 83x13cA

Control 00+£0.0aA 1.0 ].7£03aB 20x04aB

) 0.3 % 00+00aA 53+09deB 48+06aB 51+05bB
0.5 % 00+£00aA 36+1.0bcdB 39+06aB 49+0.5bB

0.8 % 00+0.0aA 46+09cde B 44+07aBB 50x0.7ab 3
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Control 0.0+£0.0aA 0.0+0.0aA 1.0 1.0

3 0.3 % 0.0+£0.0aA 24+07bcB 26+07aB 20+05abB
0.5% 2.0 20£03bA 23+05aA 28+06abA
0.8 % 00+0.0aA 62+14eleB 7.1 1.0bBC 89+13cC

The means (M) + standard error (SE) within a column followed by the same small letter and in the rows
followed by capital letter are not significantly different estimated by One-Way ANOVA followed by a post hoc LSD
test at p < 0.05. The results of some treatments are not included in the statistical comparison because only single
cuttings are rooted.

Legend: | — Syringa vulgaris. 2 — Syringa vulgaris *Charles Joly'. 3 — Syringa vulgaris "Mme Florent Stepman’

All investigated factors in our experiment, individually or jointly, had high level of significance at p <0.05. The duration
of rooting and genotype were statistically the most significant factors for the number of the induced adventitious roots (Table 5, F
= 50.282 and 36.637, respectively, p = 0.000). Another key factor, also statistically significant, was the concentration of IBA
(Table 5, F=33.513, p = 0.000).

Table 5. Significance of the studied factors and their combinations
on the number of inducted roots estimated by a post hoc LSD test.

Factors F . Le.vel of
significance
Cv 36.637 0.000
C 33.513 0.000
DR 50.282 0.000
CV xC 7.392 0.000
CV xDR 4210 0.000
C x DR 3.930 0.000
CV xC x DR 1.356 0.143

a R Squared = 0.138 (Adjusted R Squared = 0.124), p < 0.05.

Legend: CV = Cultivar. C = Concentration of IBA. DR = Duration of Rooting

The length of the roots increased in the period between the 35™ and the 95™ day of cultivation. In the end of the
experiment, the roots of not treated cuttings (control) had in general the lowest length. The length of roots in each
genotype was not affected significantly by different treatments with IBA. In ‘Mme Florent Stepman’, statistically the
highest length of the roots was reached after the treatment of the cuttings with 0.8% IBA (547.4 + 81.3 mm, resp.) in
comparison with the other treatments (Table 6).

All investigated factors in our experiment, individually or jointly, had high level of significance at p < 0.05,
with exception of the combination Cultivar x Concentration of IBA x Duration of rooting (CV x C x DR). Expectably,
the most significant factor, having an effect on the mean length of the induced adventitious roots, was the duration of
cultivation of the cuttings (F = 59.129). Another key factor, also statistically significant, was the concentration of the
used IBA (F = 31.323). The genotype peculiarities of the cultivar (F = 27.927) exerted the lowest influence (Table 7).

Table 6. Factors affecting the length of inducted roots (mm).

o Concentration ol 35th day 55th day 75th day 95th day
Cultivar | 1B (mg ") M= SE M= SE Mz SE M= SE
Control 00+ 00aA 0.0+ 00aA 60.2+182aB 200.0 + 504 ab C
| 0.3 % 70+ 3.0bA 129.5 + 22.0 b¢c AB 287.2+383cdB 416.1+62.5¢dC
0.5 % 7.0+ 30bA 2119+523dA 402.4 + 60.1 de B 480.3+70.7dB
0.8 % 33.5+19.5cA 193.6 £418cd A 407.7+593e¢B 407.0+580cdB
Control 00+ 00aA 23.0 360+163abB 588+ 188aB
2 0.3 % 00+ 00aA 125.5+30.0bc B 170.3 £26.6 abB 210.1+23.0abC
0.5 % 00+ 00aA 679+£25.5bB 142.7+30.1ab C 181.1 £23.6 abC
0.8 % 0.0+ 00aA 121.9+38.5bc B 2109+ 54.7bc C 231.8+33.5bC
Control 00+ 00aA 00+ 0.0aA 18.0 23.0
3 0.3 % 0.0+ 00aA 58.4+20.1abB 99.6 + 43.5 ab BC 129.8 + 36.1 ab C
0.5 % 37.0 909+304b A 149.0 £ 36.6 ab AB 2559+ 752 abc B
0.8 % 00+ 00aA 196.8+429cdB 356.7+ 62.6de C 5474+81.3dD

The means (M) + standard error (SE) within a column followed by the same small letter and in the rows
followed by capital letter are not significantly different estimated by One-Way ANOVA followed by a post hoc LSD
test at p < 0.05. The results of some treatments are not included in the statistical comparison because only single
cuttings are rooted.

Legend: | — Syringa vulgaris |... 2 — Syringa vulgaris *Charles loly’. 3 — Syringa vulgaris "Mme Florent Stepman”
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Table 7. Signilicance of the studied factors and their combinations on the length
of inducted roots estimated by a post hoe L.SD test.

Factors F . Le.vel of
significance
CV 27.927 0.000
C 31.323 0.000
DR 59.129 0.000
CV xC 6.832 0.000
CV x DR 4.328 0.000
C x DR 5.357 0.000
CV xC x DR 1.788 0.021

a R Squared = 0.144 (Adjusted R Squared = 0.129), p < 0.05.

Legend:, CV = Cultivar, C = Concentration of I1BA, DR = Duration of Rooting
DISCUSSION

It was found that rooting ability of lilac cuttings depended markedly on the physiological status of the donor
plant at the time of cutting excision and is of high importance for the rooting process (COGGESHALL, 1962;
BOJARCZUK, 1975; BOJARCZUK & JANKIEWICZ, 1975; SCHMIDT, 1978; CAMERON et al., 2003). It was
pointed that the rank-growing, succulent tissues are likely to have insufficient or even inappropriate reserves of
carbohydrate storage (HARTMANN & KESTER, 2002), and high nitrogen content (HARTMANN & KESTER, 2002;
DICK & DEWAR, 1992). Also, softwood cuttings, in comparison with dormant, hardwood cuttings, tend to have higher
auxin. They have a moderate light requirement, since some photosynthesis enhances their rooting and their rooting
requires more intensive water management, using mist or fog. For this reason softwood cuttings are recommended as
the best plant material for rooting of difficult-to-root species (HARTMANN & KESTER, 2002).

The biochemical studies for root formation in common lilac cultivars implies that the better rooting cultivars
compared to the poorer rooting cultivars imay be caused by their higher content of ortho-dihydroxyphenols, which
lower the activity of auxin. These cultivars are also characterized by a low level of monohydroxyphenols, which lower
the activity of auxin (BOJARCZUK, 1978, 1979).

In agreement with the results of several authors (BOJARCZUK & JANKIEWICZ, 1975; BOJARCZUK, 1975,
1978, 1979; SCHMIDT, 1978; DIRR & HEUSER, 1987; DIRR, 1998, HARTMANN et al., 2002; FORD et al., 2002;
CAMERON et al., 2003) our best results were obtained with cuttings made at flowering time. These results indicate that
common lilac is one of the exceptions for the most suitable physiological state at the time of excision of cuttings in
woody plants.

Our results are in agreement with the findings of a number of researchers, which reported that the rooting
depends on the genotype of the donor plant and vary from 0% to 100% (SCHMIDT, 1978; BOJARCZUK, 1978b, 1979;
TYATYUSHKINA, 2007).

Improving the rooting of cuttings of ‘Charles Joly’ has been obtained by treatment of etiolated shoots with
black plastic tape, soaked with 0.1% or 0.8% IBA and wound about the base of the new shoots (BASSUK et al., 1984,
MISKE & BASSUK, 1985; MAYNARD & BASSUK, 1987). However, it was found that the annual pruning
(CAMERON et al., 2003) or using of etiolated shoots could significantly facilitate the rooting of softwood cuttings of
this cultivar.

Some authors have evaluated the rooting ability after 5-14 weeks (BOJARCZUK, 1975, 1978b; BOJARCZUK
& JANKIEWICZ, 1975; SCHMIDT, 1978; BASSUK et al., 1984, MISKE & BASSUK, 1985, FORD et al., 2002;
CAMERON et al., 2003) but others have not indicated the duration of rooting process (BOJARCZUK 1979;
MAYNARD & BASSUK, 1987; TYATYUSHKINA, 2007). Our results showed that the rooting ability of the cuttings
of Syringa vulgaris is strongly influenced by the duration of cultivation. Although IBA supported the induction of
rooting, the period of rooting should not be shorter than 75 days.

It has been reported that the type and concentration of the auxin used are of critical importance for rooting of
woody species (SCHMIDT, 1978; BONGA & VON ADERKAS, 1992; ILIEV, 1996; DE KLERK et al., 1997,
HARTMANN et al., 2002; DANCHEVA, 2005; ILIEV et al., 2010). It was found that concentration of IBA in the
diapason of 0.1% - 0.8% facilitate the rooting of cuttings in common lilac and its cultivars (BASSUK et al., 1984,
MISKE & BASSUK, 1985; MAYNARD & BASSUK, 1987). Although the tested concentrations of IBA in our
experiment were unable to overcome the influence of the physiological status of the donor plant, it supported the
rootability of softwood cuttings and decreased the period of rooting. However, there is always an effect of the particular
genotype with respect to the percentage of rooting. This is in agreement with previous findings for common lilac
cultivars (SCHMIDT, 1978; BOJARCZUK, 1979; TYATYUSHKINA, 2007) or hybrids (COGGESHULL, 1962,
BASSUK et al., 1984).

Root number has been used as an expression of rhizogenesis potential (VAN DR KRIEKEN et al.. 1992:
GUAN & DE KLERK. 2000; CAMERON et al., 2003; DANCHEVA, 2005; ILIEV et al., 2010; LYUBOMIROVA &
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ILIEV, 2013), the assumption being greater root numbers correlate with greater rooting potential. Also, it has been
shown that the quality of formed root system is an important factor for successful acclimatization (MCCLELLAND et
al., 1990; HARTMANN et al., 2002). Our study showed that once roots reach a certain stage of development, they
inhibit further initiation of root primordial. The inhibition might be a result of activation of a gene responsible for the
root elongation and synthesis of plant growth regulators, which repress the root primordia induction. Gibberellins have
been shown to inhibit rooting directly (KAWAI ,1997) and the action of growth retardants on improving root induction
may be associated with their anti-gibberellin properties (WIESMAN & RIOV, 1994; PORLINGIS &
KOUKOURIKOQU-PETRIDOU, 1996). This consideration seems to be a possible explanation of the results achieved in
our study. However, more detailed studies are necessary especially since root number is likely to be used widely as a
variable in studies of the genetic control of rooting.

In conclusion, in view of our results and according the classification of HARTMAN et al. (2002) Syringa
vulgaris, ‘Mme Florent Stepman’, and ‘Charles Joly’ could be considered into the class of moderately-easy-to-root.
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ROOTING AND ACCLIMATIZATION OF MICROPROPAGATED
SHOOTS OF FRAXINUS EXCELSIOR L.

DANCHEVA Desislava

Abstract. Axillary shoot tips, originated in virro were used as initial explants for the rooting experiments. They were cultured on an
inductive. half-strength WPM. supplemented with a combination of 1.0 mg 1" IBA and 1.0 mg I'' NAA for 24. 48 or 72 h. respectively and
then on half-strength. plant growth regulator-free (PGRs-free) expressive WPM. For comparison of the results. the shoots were cultivated on
inductive or expressive medium without transfer. The rooted shoots were planted in 500 ml pots. In one part of the experiment. the posts
contained peat and the plantlets were covered with transparent plastic vessels for 14 days to provide high air humidity. For the other
experiment. the pots contained peat. perlite. peat and perlite (1 : 1. v/v). Dystric Alluvial Fluvisol and perlite (1 : 1. v/v) and the plantlets were
covered with transparent plastic vessels. After 14 days the cover vessels were consecutively removed for 30 min. 60 min. 90 min. and 120
min. daily. All plantlets were grown in a cultivation chamber and afier the removal of covers. were transferred in a greenhouse conditions.
The highest rooting rate (90.00 £ 5.77%) was observed when the shoots were pulse treated with auxin for 24 h and decreasing of the mean
number of roots was found with the increasing of the duration of inductive phase. High survival rate of the plantlets was manifested on
different substrates (93-100%) but significant difference between them was not found. However, higher length was observed by using peat
containing substrates (from 129+ 1.0 1o 194+ 5.1 cm) but statistical difference between them was not found. By contrast plants
acclimatized on perlite containing substrates were smaller than these planted in peat containing substrates. These results demonstrated that
the duration of inductive phase is critical for the rooting rate and quality of the root system and the type of the soil substrate is an important
factor for the growth ol the plants during the acclimatization.

Keywords: common ash. in vitro. tissue culture.

Rezumat. inridicinarea st aclimatizarea lastarilor micropropagati de Fraxinus excelsior L. Virfurile de lastari axilari, de
origine in vitro. au (ost utilizate ca explante initiale pentru experimente privind inradacinarea. Acestea au fost cultivate pe un WPM inductiv.
redus la jumatate. suplimentat cu o combinatie de 1.0 mg I'' IBA si 1.0 mg I’ NAA timp de 24. 48 sau 72 de ore si pe¢ WPM expresiv, fara un
regulator de crestere a plantelor (PGRs-free). Pentru a compara rezultatele, lastarii au fost cultivati pe mediu inductiv sau expresiv, fara
transfer. Lastarii inradacinati au fost plantati in vase de 500 ml. Pentru o parte a experimentului, substratul a continut turba si plantulele au
fost acoperite cu vase din plastic transparent. timp de 14 zile pentru a mentine umiditatea ridicata a aerului. Pentru celelalt experiment. vasele
au continut turba. perlit. turba si perlit (1: 1. v / v). fluvisol distric aluvionar si perlit (1: 1. v/ v) si plantulele au fost acoperite cu vase de
plastic transparent. Dupa 14 zile. vasele de acoperire au fost indepartate consecutiv timp de 30 min.. 60 min.. 90 min. si 120 min.. zilnic.
Toate plantule au fost pastrate intr-o camera de cultivare si dupa indepartarea capacelor. au fost transferate in conditii de sera. Cea mai mare
ratad de inradacinare (90.00 + 5.77%) a fost observata atunci cdnd lastarii au fost tratati cu auxin pentru 24 de ore. in timp ce sciderea
numarului mediu de radicini s-a constatat o data cu cresterea duratei fazei inductive. S-a constatat o ratd ridicatd de supravietuire a
plantulelor pe diferite substraturi (93-100%) si nu s-a observat o diferenta semnificativa intre acestea. Cu toate acestea. s-a constatat o
lungime mai mare in cazul substratului care contine turba (de la 12,9 £ 1.0 - 19.4 £ 5.1 cm). dar nu s-a observat o diferenta statistica
semnificativa intre acestea. Prin contrast. plantele aclimatizate pe substrat care contine perlit au fost mai mici decét cele cultivate pe
substratul care confine turbd. Aceste rezultate au demonstrat ca durata fazei inductive este criticd pentru rata de inradacinare si calitatea
sistemului radicular si ca de tipul de sol este un factor important pentru cresterea plantelor pe perioada de aclimatizare.

Cuvinte cheie: frasin. in vitro. cultura de {esut.

INTRODUCTION

Rooting of microshoots is critical for in vifro plant production systems. The induction of rooting depends on a
series of interdependent phases (induction, initiation, and expression) (MONCOUSIN et al., 1988; DE KLERK et al.,
1999; GASPAR et al., 1992, 1994).

Depending on the juvenility and auxin used and its concentration, different authors achieved 10 to 100%
rooting in common ash (CHALUPA 1983, 1987a, b, 1990; HAMMATT & RIDOUT 1992; TABRETT & HAMMATT
1992; HAMMATT 1994, 1996; SILVEIRA & COTTIGNIES 1994; NOUGAREDE et al. 1996; THOMPSON et al.,
2001; SCHOENWEISS & MEIER-DINKEL 2005; MITRAS et al., 2009). The quality of the root system is one of the
important factors for the successful acclimatization. It has been suggested that defects in root system functioning are
one of the main reasons for the high mortality rate of plants derived from in vitro culture (Y1E & LIAW, 1977; DAVID,
1982; PATEL et al., 1986). Furthermore, after the transfer from in vitro to in vivo conditions the plantlets should adapt
to different environmental conditions. Usually the irradiance and air turbulence is much higher, air humidity much
lower, there are fluctuating temperatures, the type of soil substrate and its humidity is different in comparison with in
vitro conditions (ZIV 1986, KOZAI 1991; PREECE & SUTTER 1991; DONNELLY & TISDAL 1993;
POSPISILOVA et al., 1999; HAZARIKA 2003; ROHR et al., 2003; KOZAI & ZOBAYED, 2000). Depending on the
biological peculiarities and genetic potential of the species, the methods which work for in vivo environment of one
species are not necessary satisfactory to ensure the survival of another. However, there is only one report for high rate
of Fraxinus excelsior acclimatization (LEBEDEV & SCHESTIBRATOV, 2013) but the effect of the soil substrate is
not investigated.

75



DANCHEVA Desislava

The goal of this work was aimed at identifying suitable duration of inductive phase on rooting of axillary
shoots and conditions of acclimatization of common ash plantlets.

MATERIAL AND METHODS

Effect of the inductive medium on the adventitious root formation.

In vitro originated axillary shoot tips (2 cm), having one or two internodes were cultured on an inductive, half-
strength WPM (LLOYD & MCCOWN, 1980) rooting medium, supplemented with combination of 1.0 mg I"" indole-3-
butyric acid (IBA) and 1.0 mg I"" a-naphthaleneacetic acid (NAA) for 24, 48 or 72 h, respectively and then on half-
strength, plant growth regulator-free (PGRs-free) expressive WPM. For the comparison of the results, the shoots were
cultivated on inductive or expressive medium without transfer.

Tree replications, each containing ten explants, were used for each variant. After 45 days, the percentage of
rooted plants, as well as the number and length of induced roots were determined.

Conditions of the cultivation.

Each variant of the medium contained 20 g I sucrose and 7 g I'' agar (Sigma) and pH was adjusted to 5.6 - 5.7
before autoclaving (under pressure of 118 kPa and 120°C for 20 min). The cultures were grown in a cultivation chamber at
25+ 0.5°C with 16 hrs of cool white fluorescent light at a photosynthetic photon flux density of 40 umol m™s™, daily.

Acclimatization

The rooted shoots were thoroughly washed to remove adhering gel and planted in 500 ml (& 95 mm, h = 110 mm)
pots. In one part of the experiment the posts contained peat and the plantlets were covered with transparent plastic vessels
(250 ml, & 75 mm, h= 95 mm) for 14 days to provide high air humidity (Experiment 1). For the other experiment the pots
contained peat, perlite, peat and perlite (1 : 1, v/v), Dystric Alluvial Fluvisol and perlite (1 : 1, v/v) were covered with
transparent plastic vessels (Fig. 1). After 14 days the cover containers were consecutively removed for 30 min, 60 min, 90
min, and 120 min, daily (Experiment 2). All plantlets were grown in a cultivation chamber at 25 + 0.5°C with 16 hrs of cool
white fluorescent light at a photosynthetic photon flux density of 40 umol m™ s, daily. After the removal of covers, all
plantlets were transferred in a greenhouse with temperature of 20-25°C and regular irrigation.

Figure 1. Pre-acclimatization with covering of the plantlets in the cultivation chamber.

Ten plantlets were used per treatment and the experiment was repeated three times. After 60 days, the
percentage of acclimatized plants, as well as the mean length of stem was determined.

The results were analysed by One-Way ANOVA followed by a post hoc LSD test at p < 0.05, using SPSS 10.0
for Windows (SPSS for Windows 1999). Percentage values were transformed using arcsine square root (\P)
(COMPTON 1994) to normalize error distribution prior variance analysis.

RESULTS AND DISCUSSION

In many species, the application of endogenous auxin is required to achieve rooting (DE KLERK, 2001, 2002;
DE KLERK etal., 1997, 1999; KUREPIN et al., 2011).
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In the absence of auxin, the rooting rate in our experiment was low (Table 1), the emergence of new roots
progressed slowly and callus formation was not observed on the base of the shoots in the end of the rooting period. On
auxin enriched medium without transfer of the shoots, in the end of experiment, significant amount of callus and thicker
roots were formed on the base of the shoots, in comparison with all other treatments (Fig. 2). However, statistical
significant difference with the auxin-free medium was not found in the rooting rate (Table 1).

Figure 2. Significant amount of Figure 3. Rooted shoots. formed after the
callus and formation of thick application of inductive medium for 24 h and
roots after cultivation on auxin evaluated after 45 days of cultivation.

enriched medium without transfer
on expressive medium.

Smaller amounts of callus and slenderer roots were formed on the base of shoots in the end of the experiment, after
all pulse treatments. Our results demonstrated that auxin pulse treatments significantly improve the rooting of shoots in vitro.
These results are in agreement with the findings of DE KLERK (1996, 2001, 2002), DE KLERK et al. (1999), MITRAS et al.
(2009), LYUBOMIROVA & ILIEV (2013). The highest rooting rate (90.00 + 5.77%) was observed when the shoots were
pulse treated with auxin for 24 h (Table 1, Fig. 3). It was pointed that during the initial 24 h after the shoots have been taken,
they are not yet very sensitive to auxin. It is considered that during this lag period, dedifferentiation occurs during which cells
become competent to respond to the rhizogenic stimulus, auxin. Then up to 72 h, certain previously activated cells become
committed to the formation of root primordia by the rhizogenic action of auxin in the induction phase (DE KLERK et al.,
1999). However, statistical difference in the rooting rate between different pulse treatments was not found in our experiment.
It was found that during this period, auxin pulses strongly increases the number of roots in pea (NORDSTROM et al., 1991)
and Helianthus annuus (L1IU & REID, 1992). Despite of that, decreasing of the mean number of roots was found with the
increasing of the duration of inductive phase, but statistical difference between all treatments was not ascertained. The longest
roots were observed after pulse treatment for 72 h and on auxin free medium without transfer to expressive medium (Table 1).

Our results showed that pulse treatment supports the rooting and the rate of rooting depends on the duration of
inductive phase. After the cultivation of shoots to a root induction medium, auxin is no longer required for the rooting
and improvement of the root system. These results are in agreement with the findings of other authors (BERTHON et

al., 1989, 1990; HAMMATT & RIDOUT, 1992; HAMMATT, 1996; ILIEV & ILIEV, 1997, LYUBOMIROVA &
lLIEV 2013) but the duration of the inductive phase probably depends on the genotype peculiarities of the species, rate
of the juvenility of the shoots, type and concentration of the used auxin.

Table 1. Effect of the duration of inductive phase on the rooting of shoots.

Mean number of the Mean length of the

Duration of the inductive phase (h) Rooted shoots (%)
roots roots (mm)
Auxin enriched medium without transfer 30.0+5.8¢ 43+14ab 23.5+4.1b
PGRs-free medium without transfer 53.7+6.7 bc 2.1+£02b 324+2.1ab
24 90.0+58a 38+05a 291+13b
48 80.0+58a 3.1+04 ab 294+20b
72 76.7 +3.3 ab 2.7+0.4 ab 389+46a

Legend: Values are mean (M) + standard error (SE). Means in the column followed by the same letter are not significantly different estimated by
One-Way ANOVA followed by a post hoc LSD test at p < 0.05.
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Different systems for acclimatization are recommended (DEBERGH, 1991; CLAPA et al., 2013). It was reported
that the effect of the type of soil substrate is an important factor for the acclimatization of plantlets to in vivo conditions
(ILIEV et al., 2001; PINKER et al., 2007; IMENEZ et al., 2011; RAGONEZI et al., 2012). High survival rate of the plantlets
was manifested on different substrates (93-100%) but significant difference between them was not found (Fig. 4).

Our results indicated that significant elongation of the shoots on some substrates was noticed even in the cultivation
room (data are not shown). The substrates studied can be divided into two groups according their effect on the elongation of
micropropagated plants in the end of the investigated acclimatization period. Higher length was observed by using peat
containing substrates (from 12.9 + 1.0 to 19.4 + 5.1 cm) but statistical difference between them was not found. By contrast,
plants acclimatized on perlite containing substrates were smaller than these planted in peat containing substrates and statistical
difference between them also was not found (Table 2, Fig. 4). The reason for this tendency could be not only the better
retention of water and aeration of the peat, but also the higher concentration of nutritive substances in it.

Table 2. Effect of the substrate on acclimatization.

Substrate used Acclimatized plants (%) Mean length of the steam (cm)
Peat (Experiment 1) 933+6.7a 186+19a
Peat (Experiment 2) 933+6.7a 129+ 1.0 ab
Peat and perlite (Experiment 2) 100.0£0.0a 194+5.1a
Perlite (Experiment 2) 933+33a 59+05b
Perlite and soil (Experiment 2) 933+33a 84+06b

Legend: Values are mean (M) + standard error (SE). Means in the column followed by the same letter are not significantly different estimated by
One-Way ANOVA followed by a post hoc LSD test at p < 0.05.
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Figure 4. Acclimatized plants in greenhouse conditions. Left: planted on perlite and Right: planted on mixture of peat and perlite.
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SUBCONTINENTAL PERI-PANNONIC SCRUB
FROM GEOPARK PLATEAU MEHEDINTI (ROMANIA)

CIORTAN loana, NEGREAN Gavril

Abstract. This paper presents one priority natural habitat from Geopark Plateau Mehedinti: 40A0* Subcontinental peri-Pannonic
scrub. The research was conducted with the occasion ol the monitoring of species and habitats from Geopark Plateau Mehedinti. with
the purpose of improving management to achieve the biodiversity conservation objectives. The presentation used as diagnostic
elements: code and name NATURA 2000. correspondence with the Romanian habitats. EMERALD. CORINE. PALAEARCTIC
HABITATS, and EUNIS classification. general description. stationary particularities. variability and distribution in the territory.
phytosociological correspondence. physiognomy and structure. contact habitats. ecological and biological value. It also presents the
habitat status. the disturbing factors. the potential threats and the management.

Keywords: priority habitats. Mehedinti, Oltenia. Romania.

Rezumat. Tufarisuri subcontinentale peripanonice din Geoparcul Platoul Mehedinti (Roméania). Articolul prezinta
un habitat natural prioritar din Geoparcul Platoul Mehedinti: 40A0* Tufarisuri subcontinentale peripanonice. Cercetarile s-au
cfectual cu ocazia monitorizarii speciilor si habitatelor din Geoparcul Platoul Mehedinti. in scopul imbunatatirii managementului si
atingerii obiectivelor de conservare a biodiversitatii. Prezentarea utilizeaza ca elemente de diagnozia: cod si nume NATURA 2000.
corespondenta a habitatului roménesc si clasificarile EMERALD. CORINE. PALAEARCTIC HABITATS si EUNIS. descriere
generald. particularitati stationale. variabilitate si distributie in teritoriu. corespondente fitosociologice. {izionomie si structura.
habitate in contact. valoarea ecologica si biologica. Se prezinta. de asemenea. starea habitatului. factorii perturbatori. ameninarile
potentiale si cadrul de management.

Cuvinte cheie: habitat prioritar. Mehedinti. Oltenia, Romania.

INTRODUCTION

The studied area is represented by the calcareous area and “comete™ from Geopark Plateau Mehedinti. The
subcontinental peri-Pannonic shrub are installed at the limestone hillocks called “cornete™ (which marks the Jurassic
limestone alignment of the Danubian Autochthonous, developed in the northeast - southwest direction) placed between
the plateau-unit (east) and the depression (centre) of Mehedinti Plateau. This limestone area is crossed by many rivers,
such as the Cosustea, the Topolnita, the Camena, which formed gorges and other limestone formations, known as
“cornets”, the most impressive and most popular being: Coretul Cerboanii (810 m), Cornetul Babelor (770 m) and
Cornetul Balgii (701 m); others have lower altitude (about 575 m), and we mention here the formations from Ponoarele:
Raiculesti, Baluta and Gardaneasa. The vegetation of these hillocks is represented by the southeast Carpathian lilac
(Syringa vulgaris) and manna ash (Fraxinus ornus) thickets along with the dominant species, Cornus mas, which also
gave the name of these formations — the species Romanian name is “corn™ and, thus, it resulted “comete”.

MATERIAL AND METHODS

The research concerning the inventory and monitoring of the natural habitats were performed in 2010-2013.
We performed a Level 11l monitoring, monitoring which applies only to priority habitats and effectively capitalizes data
collected in the field (CANDREA BOZGA et al., 2009).

The study methods are the classical ones. In order to identify and characterize habitats we used the
methodology proposed by CRISTEA et al. (2004), DONITA et al. (2005, 2006), GAFTA & MOUNTFORD (2008).

The presentation used as diagnostic elements: code and name NATURA 2000, correspondence with the
Romanian habitats, EMERALD, CORINE, PALAEARCTIC HABITATS, and EUNIS classification, general
description, stationary particularities, variability and distribution in the territory, phytosociological correspondence,
physiognomy and structure, contact habitats, ecological and biological value. It also presents the habitat status, the
disturbing factors, the potential threats and the management.

There have been used previously published data related to this type of vegetation (MALOS & FIRESCU, 1971;
MALOS, 1976; MAGALIE, 1970; POPESCU et al., 2006; POPOVA-CUCU, 1970, 1971; POPOVA-CUCU &
POPESCU, 1975), previously published data by the authors of this article, related to the flora of the Geopark
(CIORTAN & NEGREAN, 2012; NEGREAN & CIORTAN, 2012, 2013), and data from the Final Report 2007. We also
used National Red Lists: BOSCAIU & al., 1994; DIHORU & DIHORU, 1994; OLTEAN et al., 1994. Generally, the
nomenclature of the species was given after Flora of Romania (SAVULESCU, 1952-1976), Flora Europaea (TUTIN et
al., 1964-1980, TUTIN et al., 1996).
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RESULTS

Habitat 40A0* Subcontinental peri-Pannonic scrub, represented in the area by the Romanian habitats, that
corresponds to the European classification systems as it follows:

- R3116 Southeast Carpathian elm-leaf Spiraea (Spiraea chamaedryfolia) deciduous thickets: EMERALD -
31.8B South-eastern deciduous thickets; CORINE - 31.8B South-eastern sub-Mediterranean deciduous thickets
(schibljak); PAL. HAB. 31.8B142 Carpathian elm-leaf Spiraea thickets; EUNIS F3.17 Corylus thickets.

- R3123 Southeast Carpathian lilac (Syringa vulgaris) with Genista radiata thickets and R3124 Southeast
Carpathian lilac (Syringa vulgaris) with Asplenium ruta-muraria thickets: EMERALD - 31.8B South-eastern deciduous
thickets; CORINE - 31.8B3 Greek sub-Mediterranean deciduous thickets; PAL. HAB. - 31.8B322 Danubian lilac
thickets; EUNIS — Moesian lilac thickets.

- R3126 Southeast Carpathian manna ash (Fraxinus ornus) thickets: EMERALD - 31.8B South-eastern
deciduous thickets; CORINE - 31.8B South-eastern sub-Mediterranean deciduous thickets (schibljak); PAL. HAB. -
31.8.B Balkano - Hellenic deciduous thickets, EUNIS - F3.2431 Moesian oriental hornbeam thickets.

- R3127 Southeast Carpathian lilac (Syringa vulgaris) and manna ash (Fraxinus ornus) thickets: EMERALD -
31.8B South-eastern deciduous thickets; CORINE - 31.8B South-eastern sub-Mediterranean deciduous thickets; PAL.
HAB. - 31.8B3222 Lilac manna ash thickets, EUNIS - F3.2431 Moesian oriental hornbeam thickets.

General description. According to the Interpretation Manual of Natura 2000 habitats in Romania, the habitat
is represented by the deciduous scrub with continental and sub-Mediterranean affinities of the Pannonia basin and
neighbouring regions including the eastern Alpine periphery, the southern periphery of the Northwestern Carpathians,
the Transylvanian plateau and the adjacent foothills and valleys of the Eastern and Southem Carpathians and the
Apuseni Mountains, the southem periphery of the Pannonia basin, the Moravian plateau and the hills and valleys of the
northemn Balkan Peninsula. The habitat forms a mosaic-like vegetation with steppe grassland (6210) and forest-steppe
elements or plants of the rupicolous Pannonian grasslands (6190) often along the fringes of woodlands, as it can be
noticed from the lists of species that we present for each of the habitat area variants.

Stationary particularities. The habitat is well represented, accompanying the Jurassic limestone of the
Danubian Autochthonous, oriented northeast-southwest. The substrate it installs on is represented by limestone
[sedimentary structures of Mesozoic age, and Miocene age (Ponoarele) - in the form of a narrow strip (STROE &
PEPTEANU, 2011), marl-limestone intercalation], with carbonate humic soils:

a) Southeast Carpathian elm-leaf Spiraea (Spiraea chamaedryfolia) deciduous thickets are installed on the
rocky steeply inclined slopes, with sunny or shady exhibition; the substrate is represented by calcareous conglomerates
in large blocks with superficial soils formed between the scattered blocks (e.g. at Cosustea, Camena);

b) Southeast Carpathian lilac (Syringa vulgaris) with Genista radiata thickets are installed on the sunny rocky
slopes, steeply to moderately inclined; the substrate is represented by ef gray limestone; neutral to weakly alkaline soils
- rendzinas - often developed only in the cracks of the rocks;

c¢) Southeast Carpathian lilac (Syringa vulgaris) with Asplenium ruta-muraria thickets are installed on the
steep slopes, rocky vertical walls, with S, SW, SE orientation, along the rivers; the substrate is represented by the
calcareous rocks at the surface of which it may appear protorendzina in reduced proportion;

d) Southeast Carpathian manna ash (Fraxinus ornus) thickets are installed on the slopes with high inclination
and southern (southeastern and southwestern) exhibition; the substrate is represented by limestone cliffs with varying
sizes, with thickness reduced and sometimes even absent; soils are rendzinas rich in calcic humus;

e) Southeast Carpathian lilac (Syringa vulgaris) and manna ash (Fraxinus ornus) thickets are located at the
bottom of the slope (e.g. at Ponoarele) or of plates, immediately above them (e.g. at Camena); the substrate is
represented by limestones, calcareous sandstones; soils are preluvisols, terra rossa, type rendzina, in a thin but
continuous layer, with a large amount of skeleton.

Phytosociological correspondence, variability and distribution in the territory. The habitat is well
represented, accompanying the Jurassic limestone strip of the Danubian Autochthonous, oriented northeast-southwest.

We describe the most representative phytocoenosis of the habitat taking into account the richness in rare and
endemic species from the sub-Mediterranean type, namely:

a) R3116 Southeast Carpathian elm-leaf Spiraea (Spiraea chamaedryfolia) deciduous thickets edified by as.
Calamagrostio-Spiraeetum ulmifoliae Resmerita et Csiirds 1966. Identified at Camena, Cosustea Piedmont, and
Virtoape Forest;

b) R3123 Southeast Carpathian lilac (Syringa vulgaris) with Genista radiata thickets and R3124 Southeast
Carpathian lilac (Syringa vulgaris) with Asplenium ruta-muraria thickets edified by as. Syringo-Genistetum radiatae
Malos 1972. Identified at Camena and Piatra Pinului;

¢) R3124 Southeast Carpathian lilac (Syringa vulgaris) with Asplenium ruta-muraria thickets edified by as.
Asplenio-Syringetum vulgaris Jakucs et Vida 1959. Identified at Ponoarele from Cornetul Raiculesti, at the top of the
slope of Cornetul Gardaneasa, at Raienilor Valley (POPOVA-CUCU & POPESCU, 1975), at Topolnita Gorges, Gura
Prosacului, Gaurinti.
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d) R3126 Southeast Carpathian manna ash (Fraxinus ornus) thickets edified by as. Corno-Fraxinetum orni Pop
et Hodisan 1964 [described at Ponoarele by MAGALIE, (1970), with the lack of the Oriental Horbeam]. Identified at
Ponoarele, between Giurgiani and Vintilani - Balta, Cornetul Babelor and Cornetul Cerboaniei;

¢) R3127 Southeast Carpathian lilac (Syringa vulgaris) and manna ash (Fraxinus ornus) thickets edified by as.
Syringo-Fraxinetum orni Borza 1958 m. Resmerita 1972 (syn. Syringo-Fraxinetum orni coryletosum colurnae Borza
1958)]. Identified at Topolnita — Cornetul Prosacului, Cornetul Cosustei, Piatra Cosustei ridge, Cornetul Balta, Cornetul
Piatra Incilecata, Piatra Pinului, Camena, and Isvemna).

Physiognomy and structure

a) R3116 Southeast Carpathian elm-leaf Spiraea (Spiraea chamaedryfolia) deciduous thickets are
fragmented throughout the territory of the Geopark. The phytocoenosis identified at Piatra Cosustei ridge — the species
from the phytocoenosis structure are characteristic to the beech forests that encompass this phytocoenosis. The edifying
species are: Spiraea chamaedryfolia, Lonicera xylosteum, Rosa pendulina, and characteristics: Spiraea chamaedryfolia
and Calamagrostis arundinacea.

The trees layer: sporadic trees species in young stages: Abies alba, Betula pendula, Fagus sylvatica.

The shrubs layer: Spiraea chamaedryfolia, Syringa vulgaris, alongside that is also growing: Corylus avellana,
Cotoneaster pyrenaicus (integerrimus), Fraxinus ornus, Lonicera xylosteum, Rosa pendulina, Salix caprea.

The herbaceous layer: Angelica sylvestris, Athyrium filix-femina, Calamagrostis arundinacea, Campanula
rapunculoides, Carlina vulgaris s. 1., Digitalis grandiflora, Dryopteris filix-mas, Epilobium collinum, Fragaria vesca,
Glechoma hirsuta, Luzula luzuloides, Solidago virgaurea, Poa nemoralis, Sedum telephium subsp. maximum,
Polystichum setiferum.

The phytocoenosis identified in Vartoape Forest is installed in the beech forest with Geranium macrorhhizum,
on a slope with northeastermn exhibition, overshadowed most of the day; it has the following structure and physiognomy:

The trees layer: Abies alba, Acer platanoides, Acer pseudoplatanus, Fagus sylvatica, Tilia platyphyllos, Ulmus
glabra.

The shrubs layer: Fraxinus ornus, Spiraea chamaedryfolia, Rubus hirtus.

The herbaceous laver: Aconitum moldavicum, Anemone nemorosa, Asarum europaeum, Aremonia
agrimonoides, Arum maculatum, Asperula taurina, Brachypodium sylvaticum, Calamagrostis arundinacea,
Chaerophyllum aromaticum, Dentaria bulbifera, Digitalis grandiflora, Galium odoratum, Geranium macrorrhizum,
Euphorbia amygdaloides, E. platyphyllos, Helleborus purpurascens, Heracleum sphondylium s. 1., Melica uniflora,
Mercurialis perennis, Parietaria officinalis, Symphytum tuberosum, Tanacetum macrophyllum, Urtica dioica.

At Camena, at altitudes between 650 and 1100 m, the phytocoenoses are installed on the sunny slopes (with
NE exhibition), the major habitat being embedded from the southeast Carpathian lilac (Syringa vulgaris) and manna ash
(Fraxinus ornus) thickets.

The trees layer: absent, only Sorbus aucuparia, rarely of average heights, more than younger stages.

The shrubs layer: Spiraea chamaedryfolia; there also grow Cotoneaster tomentosus, Sorbus graeca, S.
borbasii, Syringa vulgaris, Rosa pendulina.

The herbaceous layer: Alyssoides utriculata, Leontodon crispus subsp. crispus, Poa nemoralis, Sesleria rigida,
Polygala comosa.

b) R3123 Southeast Carpathian lilac (Syringa vulgaris) with Genista radiata thickets - phytocoenoses are
fragments of the sub-Mediterranean vegetation, edified from mostly southern and south-eastern Dacian subendemic,
thermophilic, xerophilic, calcifile species, located at high altitude for them. The edifying species are: Syringa vulgaris,
Genista radiata, and characteristic: Syringa vulgaris, Genista radiata, Cotinus coggygria.

At Piatra Pinului, at altitudes above 860 m, the habitat has the following structure and physiognomy:

The trees layer: Acer campestre, Betula pendula (sporadic), Fraxinus ornus, Juglans regia, Pinus nigra subsp.
banatica.

The shrubs layer: Cotinus coggyria, Cotoneaster tomentosus, Euonymus verrucosus, Lonicera xylosteum,
Prunus mahaleb, Rhamnus saxatilis subsp. tinctorius, Sorbus borbasii, S. cretica, S. torminalis, S. umbellatia subsp.
banatica, Syringa vulgaris.

Undergrowth layer: 2040 cm: Genista radiata, Teucrium chamaedrys, T. montanum, Micromeria pulegium.

The herbaceous layer: Achnatherum calamagrostis, Acinos arvensis, Allium flavum subsp. flavum, A.
oleraceum, Alyssum petraeum, Arabis procurrens, A. turrita, Asplenium ruta-muraria, A. scolopendrium, Asperula
tinctoria subsp. ciliata, Atamantha turbitt subsp. hungarica, Bromus riparius, Calamagrostis arundinacea, Campanula
rapunculoides, Carex digitata, Clematis vitalba, C. recta, Cystopteris fragilis, Dianthus petraeus, Draba lasiocarpa,
Erysimum odoratum, Euphorbia amygdaloides, Festuca xanthina, Galium album subsp. album, Geranium
macrorrhizum, Hedera helix, Laserpitium latifolium, Linum uninerve, Moehringia muscosa, Neottia nidus-avis,
Peucedanum oreoselinum, Piptatherum virescens, Poa nemoralis, Polygonatum multiflorum, P. odoratum, Prenanthes
purpurea, Primula auricula subsp. serratifolia, Quercus petraea, Rubus canescens, R. idaeus, Saxifraga adscendens f.
ramosissima, S. rotundifolia, Scabiosa columbaria subsp. columbaria, Seseli libanotis, S. rigidum s. 1., Silene
favescens, Solidago virgaurea, Stachys patula, Tamus communis subsp. communis, Taraxacum officinale, T.
hoppeanum, Teucrium montanum, Veronica spicata s. 1., Viburnum lantana, Vincetoxicum hirundinaria.
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At Camena - eastern wall of the first two ridges (E—W) and the plateau from the last ridges from the W, at
altitudes between 800 and 950 m.

The trees layer: Sorbus aucuparia, S. borbasii.

The shrubs layer: Abies alba (juvenile), Cotinus coggygria, Cotoneaster tomentosus, Fraxinus ornus,
Juniperus sabina, Euonimus verrucosus, Rhamnus saxatilis subsp. tinctorius, Rosa pendulina, Sorbus aria, S. graeca
(S. cretica), Syringa vulgaris, Viburnum lantana.

The shrubs layer: Clematis vitalba, Cytisus ratisbonensis, Genista radiala.

The herbaceous layer: Alyssodes utriculata, Asperula capitata, Asplenium ceterach, A. ruta-muraria,
Atamantha turbitt subsp. hungarica, Carex digitata, Centaurea atropurpurea, C. triniifolia, Cerastium banaticum,
Dactylorhiza sambucina f. bracteata, D. sambucina f. purpurea, Delphinium fissum subsp. fissum, Dianthus banaticus,
Draba lasiocarpa, Edraianthus graminifolius, Erysimum odoratum, Euphrasia illyrica, Euphorbia epithymoides,
Festuca xanthina, Galium album subsp. album, G. rubioides, Geranium macrrorhizum, Helianthenmum nummularium s.
I, Hypericum rochelii, Iris sp., Isatis tinctoria, Jovibarba heuffelii, Jurinea glycacantha, Orchis masculu subsp.
signifera, Peucedanum oreoselinum, Polygala vulgaris, Polygonatum multiflorum, Potentilla reptans, Saxifraga
paniculata, Seseli libanotis subsp. intermedium, S. rigidum subsp. rigidum, Sesleria rigida, Senecio jacobaeu subsp.
jacobaea, Silene pusilla, Teucrium chamaedrys, T. montanum, Thlaspi dacicum subsp. dacicum, Thalictrum
aquilegifolium, T. foetidum, Thymus comosus, Trifolium montanum, Veronica austriaca, V. crassifolia.

¢) R3124 Southeast Carpathian lilac (Syringa vulgaris) with Asplenium-ruta-muraria thickets - pioneer
phytocoenosis, edified from Eurasian species with many southern, sub-thermophilic, mesoxerophilic, calcifile elements.
The edifying species are: Syringa vulgaris, Fraxinus ornus, Carpinus orientalis, and characteristics: Syringa vulgaris,
Asplenium ceterach, A. ruta-muraria, Cotinus coggygria, Micromeria pulegium.

The trees layer: phytocoenosis grows as a thicket dominated by scattered bushes of Fraxinus ornus and
Carpinus orientalis to 2-3 m height, which provides a covering to 40-60%.

The shrubs layer: Cotinus coggygria, Syringa vulgaris.

Undergrowth layer: is characteristic of the limestone rocks exposed to sunlight: Alyssum petracum, Asplenium
ceterach, A. ruta-muraria, A. trichomanes subsp. qudrivalens, Cerastium banaticum, Chondrilla juncea, Draba
lasiocarpa, Euphorbia epithymoides, Galium album subsp. album, Koeleria macrantha, Mercurialis ovata, Micromeria
pulegium, Moehringia muscosa, Mycelis muralis, Piptatherum virescens, Poa nemoralis, Peucedanum oreoselinum,
Scabiosa columbaria subsp. columbaria, Seseli rigidum subsp. rigidum, Silene vulgaris.

d) R3126 Southeast Carpathian manna ash (Fraxinus ornus) thickets, edified by the Fraxinus ornus, and
characteristic species Cornus mas.

The trees layer: Fraxinus ornus

The shrubs layer: Cotinus coggygria, Cornus mas, Crataegus monogyna, Cytisus nigricans, Juniperus
communis, Prunus spinosa, Rhamnus saxatilis subsp. tinctorius, Syringa vulgaris, Viburnum lantana.

At Cometul Babelor, Cometul Cerboaniei and Cometul Piatra Incalecata, Cornus mas form a belt at the basal
part of the hillocks. At Ponoarele (in the northern part of Zaton Lake) the observed three layers are: the first consists of
Prunus spinosa, the following of Cornus mas, while the hillock peak is covered by Fraxinus ornus. On Cometul
Babelor and Cornetul Cerboaniei, the shrub layer is so dense that it forms an impenetrable thicket. These hillocks are
the greatest centres for the wildness of the Geopark.

The herbaceous laver: Achillea millefolium, Alliaria petiolata, Anemone ranunculoides, Asplenium
trichomanes, Brachypodium sylvaticum subsp. sylvaticum, Capsella bursa-pastoris, Carex caryophyllea, Corydalis
intermedia, Eryngium campestre, Galanthus nivalis, Geranium rotundifolium, Geum urbanum, Glechoma hederacea,
Helleborus purpurascens, Hepatica nobilis, Isopyrum thalictroides, Lathyrus vernus, Oxalis stricta, Pteridium
aquilinum.

¢) R3127 Southeast Carpathian lilac (Syringa vulgaris) and manna ash (Fraxinus ornus) thickets located
at the base of the slopes or above them, on the plateaus. The edifying species are Syringa vulgaris and Fraxinus ornus,
and characteristic: Fraxinus ornus, Cotinus coggygria, Syringa vulgaris.

At Piatra Cosustei it was identified the habitat with the following composition:

The trees layer: Fagus sylvatica, Fraxinus ornus, Juglans regia, Prunus cerasus, Prunus mahaleb, Quercus
dalechampii (rare).

The shrubs layer: Cornus mas, Corylus avellana, Juniperus communis, Euonymus europaeus, E. verrucosus,
Lonicera xylosteum, Syringa vulgaris.

The herbaceous layer: Achnatherum calamagrostis, Allium oleraceum, Arabis hirsuta, Asparagus tenuifolius,
Asplenium ceterach, Campanula grossekii, Carduus candicans, Carex polyphylla, Convolvulus arvensis, Echinops
bannaticus, Erysimum odoratum, Galanthus nivalis, Inula conyza, Lychnis coronaria, Micromeria pulegium,
Moehringia muscosa, Mycelis muralis, Peltaria alliacea, Phleum phleoides, Poa nemoralis, Rosa sp., Scabiosa
columbaria, Seseli libanotis, Tamus communis subsp. communis, Veronica austriaca.

At Camena one such habitat has the following physiognomy and structure:

The trees layer: Acer pseudoplatanus, Fraxinus ornus,

The shrubs layer: Chamaecytisus ratisbonensis, Cotinus coggygria, Cotoneaster tomentosus, Juniperus sabina,
Evonvimus europaeus, E. verrucosus, Sorbus borbasii, Svringa vulgaris. Viburnum lantana.
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The herbaceous layer: Achnatherum calamagrostis, Allium oleraceum, Alyssoides utriculata, Anthriscus
nemorosa, Arabis hirsuta, Asplenium ceterach, A. ruta-muraria, A. trichomanes quadrivalens, Aster amellus,
Athamanta turbith, Campanula grossekii, Carduus candicans, Carex polyphylla, Cerastium banaticum, Centaurea
triniifolia, Clematis vittalba, Convolvulus arvensis, Delphinium fissum subsp. fissum, Draba lasiocarpa, Echinops
bannaticus, Euphrasia illyrica, Erysimum odoratum, Ferula heuffelii, Festuca xanthina, Galium album subsp. album,
Galium purpureum, Hypericum rochelii, Inula conyza, Juniperus sabina, Jovibarba heuffelii, Jurinea glycacantha,
Laserpitium latifolium, Linum uninerve, Lunaria annua subsp. pachyrhiza, Micromeria pulegium, Moehringia muscosa,
Mycelis muralis, Peltaria alliacea, Peucedanum oreoselinum, Phleum phleoides, Poa nemoralis, Polygala vulgaris,
Potentilla chrysantha, Rosua canina, Saxifraga paniculata, Scabiosa columbaria, Scutellaria altissima, Senecio
Jacobaea subsp. jacobaea, Seseli libanotis subsp. sibiricum, Silene flavescens, S. pusilla, Sisymbrium strictissimum,
Symphyandra wanerii, Tamus communis subsp. communis, Teucrium montanum, Thalictrum aquilegifolium, Veronica
austriaca, V. crassifolia, Vincetoxicum hirundinaria.

At Cometul Prosécului.

The trees layer: Carpinus betulus, Fraxinus ornus. It is also encountered sporadically: Quercus cerris, Sorbus
torminalis, Tilia cordata, T. platyphyllos.

The shrubs layer: Carpinus orientalis, Cornus sanguinea, Corylus avellana, Cotinus coggygria, Crataegus
monogyna, Clematis vitalba, Euonymus verrucosus, Hedera helix, Rhamnus saxatilis subsp. tinctorius, Rosa canina, R.
obtusifolia, R. tomentosa, Spiraea cana, Syringa vulgaris.

The herbaceous layer: Achillea crithmifolia, Allium flavum, A. fuscum, Alyssum petraeum, Arabis turrita,
Anthriscus nemorosa, Aremonia agrimonoides, Asplenium ceterach, A. ruta-muraria, A. trichomanes subsp.
quadrivalens, Botriochloa ischaemum, Brachypodium sylvaticum, Campanula grossekii, C. persicifolia, Cardaminopsis
arenosa, Carthamus lanatus, Centaurea apiculata subsp. spinulosa, Chondrilla juncea, Draba lasiocarpa, Dentaria
bulbifera, Fagopyrum convolvulus, Festuca rupicola, Galium album, Galium schultesii, Galium verum, Geranium
robertianum, Erophila verna, Erysimum odoratum, Euphorbia myrsinites, Festuca rupicola, Hepatica nobilis,
Himantoglossum jankae, Linaria genistifolia, Inula coniza, Isopyrum thalictroides, Lamium galeobdolon, Lathyrus
venetus, L. vernus, Lilium martagon, Lithospermum purpureocaeruleum, Lunaria annua subsp. pachyrrhiza, Lychnis
coronaria, Melica ciliata, M. uniflora, Melittis melissophyllum, Mercurialis perennis, Micromeria pulegium, Mycelis
muralis, Origanum vulgare, Petrorhagia saxifraga, Phyllitis scolopendrium, Piptatherum virescens, Poa nemoralis,
Polypodium vulgare, Polygonatum odoratum, Primula veris, Sedum hispanicum, S. maximum, S. sexangulare, Seseli
rigidum, Sesleria rigida, Silene flavescens, S. vulgaris, Teucrium chamaedrys, Tragopogon balcanicus, Vincetoxicum
hirundinaria.

At Isverna - "Potcoava™ the habitat has the following physiognomy and structure:

The trees layer: Fraxinus ornus, Prunus mahaleb, Sorbus aucuparia, S. torminalis.

The shrubs layer: Cornus sanguinea, Corylus avellana, Cotinus coggygria, Cotoneaster integerrimus,
Crataegus monogyna, Clematis vitalba, Euonymus verrucosus, Genista radiata, Juniperus sabina, Lonicera xylosteum,
Rhamnus saxatilis subsp. tinctoria, Rosa pendulina, R. tomentosa.

The herbaceous layer: Acinos alpinus, A. rotundifolius, Allium fuscum, Asperula capitatu, Asplenium ceterach,
A. ruta-muraria, Athamanta turbith subsp. hungarica, Campanula trachelium, Centaurea atropurpurea, Delphinium
fissum subsp. fissum, Dianthus petraeus, Draba lasiocarpa, Edraianthus graminifolius, Epipactis atrorubens, E.
helleborine, Ferula heuffeli, Festuca xanthina, Geranium macrorrhizum, Himantoglossum jankae, Hordelymus
europaeus, Inula conizae, I. ensifolia, I. hirta, Jovibarba heuffeli, Lathyrus hallersteinii, L. vernus, Libanotis montana,
Lunaria annua subsp. pachyrhiza, Micromeria pulegium, Scutellaria altissima, Sedum hispanicum, S. maximum, Seseli
rigidum, Silene pussila, Peltaria alliacea, Phleum phleoides, Primula veris subsp. columnae, P. auricula subsp.
serratifolia, Rosa gallica, Teucrium chamaedrys, Thymus pulegioides, Tragopogon balcanicus.

At Epuran Cave, such a phytocoenosis preserves species as Micromeria pulegium, Kengia serotina, Allium
flavum, Linum uninerve.

At Ponoarele, it is located one of the largest and most beautiful habitats with lilac of the Geopark — 20 ha. The
Cornetul Raiculesti, Cornetul Baluta, Comnetul Gardaneasa presents a representative phytocoenosis of as. Syringo-
Fraxinetum orni (POPOVA-CUCU & POPESCU, 1975). Also, POPESCU et al. (2004) published the species lists from
Lilac Ponoarele Forest.

The trees layer: Acer campestre, A. tataricum, Carpinus orientalis, Fagus sylvatica (rare), Fraxinus ornus,
Quercus frainetto, Q. dalechampii, Prunus mahaleb.

The shrubs layer: Cornus mas, Crataegus monogyna, Euonymus verrucosus, Rosa corvmbifera, Syringa
vulgaris, Viburnum lantana.

The herbaceous layer: Achillea crithmifolia, A. millefolium, Acinos alpinus subsp. majoranifolius, A. arvensis,
Agrostis capillaris, Ajuga genevensis, Alyssum alyssoides, A. desertorum, Arenaria serpyllifolia, Asperula taurina
subsp. leucanthera, Asplenium ceterach, A. ruta-muraria, A. trichomanes subsp. quadrivalens, Astragalus glycyphyllos,
Bellis perennis, Brachypodium sylvaticum, Calystegia sylvatica, Cardamine hirsuta, Cardaminopsis arenosa, Carex
caryophyllea, Carlina biebersteinii subsp. brevibracteata, Carduus nutans, Centaurium erythraea, Cerastium fontanum
subsp. triviale, Cerastium pumilum subsp. glutinosum, Clinopodium vulgare, Convolvulus arvensis, Coronilla varia,
Corvdalis solidu. Crepis foetida subsp. rhocadifolia, Cruciata laevipes, C. pedemontana. Cyvstopteris fragilis, Digitalis
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grandiflora, Epilobium angustifolium, Erodium cicutarium, Erophila verna, Erythronium dens-canis, Eryngium
campestre, Festuca rupicola subsp. saxatilis, F. valesiaca, Filipendula vulgaris, Fragaria vesca, F. viridis, Galium
verum subsp. verum, Geranium columbinum, G. lucidum, Geum wurbanum, Glechoma hederacea, Isopyrum
thalictroides, Lactuca serriola, Lapsana communis, Lathyrus sphaericus, Luzula campestris, Lychnis coronaria,
Hypochaeris maculata, Medicago minima, Melica uniflora, Melittis melissophyllum, Moehringia muscosa, Myosotis
stricta, Mycelis muralis, Pimpinella saxifraga, Poa bulbosa subsp. bulbosa, Potentilla micrantha, Prunella laciniata,
Pteridium aquilinum, Ranunculus acris, Rubus canescens, R. idaeus, Scleranthus annuus, S. perennis, Sedum acre, S.
hispanicum, Saxifraga rotundifolia, S. tridactylites, Scutellaria altissima, Sherardia arvensis, Silene italica, Stachys
germanica, Polygonatum odoratum, Rorippa sylvestris, Viola tricolor subsp. tricolor, Tamus communis, Teucrium
chamaedrys, Thymus comosus, Trifolium arvense, T. aureum, T. montanum, Valerianella locusta, Verbena officinalis,
Veronica arvensis, V. chamaedrys, V. serpyllifolia, V. triphyllos, Vincetoxicum hirundinaria, Vulpia myuros.

Contact habitats: 6190 Rupicolous Pannonic grasslands; 6210 Semi-natural dry grasslands and scrubland
facies on calcareous substrates (Fesfuco-Brometalia), 8160* Medio-European calcareous scree of hill and mountain
levels; 8210 Calcareous rocky slopes with chasmophytic vegetation; 9150 Medio-European limestone beech forest of
the Cephalanthero-Fagion; 91KO0 lllyrian Fagus sylvatica forests (Aremonio-Fagion); 91L0 lllyrian oak hornbeam
forest (Erytronio-Carpinion); these habitats have in common a series of species, for example:

- common species from rupicolous Pannonic or semi-natural dry grasslands and scrubland facies on calcareous
substrates (like is the case at Topolnita, Ponoarele, Camena): Achillea crithmifolia, Acinos arvensis, Alyssum alyssoides,
A. desertorum, Anthemis tinctoria, Brachypodium sylvaticum subsp. sylvaticum, B. pinnatum, Bromus riparius, Carex
caryophyllea, Chondrilla juncea, Dactylorhiza sambucina f. bracteata, D. sambucina f. purpurea, Dianthus giganteus,
Erysimum odoratum, Festuca rupicola subsp. saxatilis, F. valesiaca, Galium album subsp. album, G. verum subsp.
verum, Koeleria macrantha, Lolium perenne, Dianthus giganteus, Himantoglossum jankae (Mount Fata Satului-
Isverna, Topolnita-La Varnite), Hypericum perforatum, Hypochaeris maculata, Isopyrum thalictroides, Lychnis
coronaria, Orchis mascula subsp. signifera (Mount Fata Satului-Isvemna), O. militaris (Mount Fata Satului), Prunellu
laciniata, Ranunculus acris, Pteridium aquilinum, Stachys germanica, Teucrium chamaedrys, Tragopogon balcanicus,
Trifolium arvense, T. aureum, T. montanum, Verbascum phlomoides, Verbena officinalis, Veronica arvensis, V.
austriaca.

- transgressive species from the nearby forests: Acer campestre, A. platanoides, A. pseudoplatanus, Anemone
ranunculoides, Angelica sylvestris, Athyrium filix-femina, Calamagrostis arundinacea, Campanula rapunculoides,
Corydalis sp., Isopyrum thalictroides, Lathyrus vernus, Lithospermum purpurocaeruleum, Luzula luzuloides, Melittis
melissophyllum, Neottia nidus-avis, Mycelis muralis, Phyllitis scolopendrium, Piptatherum virescens, Poa nemoralis,
Polygonatum odoratum, P. multiflorum, Polystichum setiferum, Potentilla micrantha, Prenanthes purpurea, Pteridium
aquilinum, Rubus canescens, R. idaeus, Saxifraga rotundifolia, Scabiosa columbaria subsp. columbaria, Sorbus
aucuparia, Stachys patula, Tamus communis subsp. communis, Veronica spicata s. |., Viburnum lantana, Vincetoxicum
hirundinaria.

- characteristic species from calcareous rocky slopes with chasmophytic vegetation: Asplenium ceterach, A.
ruta-muraria, Atamantha turbitt subsp. hungarica, Cerastium banaticum, Delphinium fissum subsp. fissum, Dianthus
petraeus, Draba lasiocarpa, Primula auricula subsp. serratifolia, Seseli rigidum s. |., Sesleria rigida, Silene flavescens.

- characteristic species from Medio-European calcareous scree of hill and mountain levels: Achnatherum
calamagrostis, Micromeria pulegium, Moehringia muscosa.

Ecological and biological value — high conservation value; habitat with many endemic and rare species.

The criterion Aii corresponding plant species for selecting types of Natura 2000 sites: European endangered
species listed in the Habitats Directive Annexes IIb and IVb + Bern Convention — App 1, whose conservation requires the
designation of Special Areas of Conservation — SAC: Galanthus nivalis and Himantoglossum jankae.

The criterion Aiii corresponding plant species for selecting types of Natura 2000 sites: endemic and
endangered species — National Red Lists (CR, EN, and V), not included in the Ai and Aii categories: Atamantha turbitt
subsp. hungarica, Edraianthus graminifolius, Pinus nigra subsp. banatica, Primula auricula subsp. serratifolia, Sorbus
borbasii, Thiaspi dacicum subsp. dacicum.

The criterion Aiv b corresponding plant species for selecting types of Natura 2000 sites: plant species
listed in Annex 1l b - sub-endemic and endangered species - National Red Lists (CR, EN, and V) not included in the
Ali, Aii and Aiii categories: Micromeria pulegium.

Species from the National Red Lists: Abies alba, Alyssoides utriculata, Centuurea atropurpurea, C.
triniifolia, Cerastium banaticum, Dactylorhiza sambucina, Delphinium fissum subsp. fissum, Dianthus banaticus,
Draba lasiocarpa, Euphrasia illyrica, Festuca xanthina, Genista radiata, Hepatica nobilis, Hypericum rochelii,
Jovibarba heuffelii, Juniperus sabina, Jurinea glycacantha, Linum uninerve, Mercurialis ovata, Neottia nidus-avis,
Orchis mascula subsp. signifera, O. militaris, Peltaria alliacea, Petrorhagia saxifraga, Piptatherum virescens, Seseli
rigidum subsp. rigidum, Silene flavescens, S. saxifraga, Sorbus graeca, Teucrium montanum, Tragopogon balcanicus,
Veronica crassifolia.
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DISCUSSIONS

The association Syringo-Genistetum radiatae Malos 1972 is considered by SANDA et al. (2001) as sub-association
of Syringo-Fraxinetum orni Borza 1958 m. Resmerita 1972, and associations that edify habitats R3124, R3126 and R3127 are
treated as synonyms of it. Also, for the subas. cotinetosum Ciocérlan 1968, Schrétt 1968 the same authors indicate the
following syn.: Syringo-Cotinetum coggygriae (Borza 1931 n.n.) Resmerita 1972; for subas. juniperetosum sabinae (Gergely
1958) Jakucs 1959 same SANDA et al. (2001) indicates syn. as. Syringeto-Juniperetosum sabinae Gergely 1958) and subas.
ceterosum Jakucs et Vida 1959. The Genista radiata species is present in all of the three associations.

In the area we noticed the following situation: Genista radiata not so frequent (only two choronyms in the Geopark).
On the northeastern side of the first ridge of Camena it occurs with high constancy, on fairly large surface, sometimes
resulting 90% coverage (similar situation observed on the Tesna Valley). These phytocoenoses, where Genista radiata is
dominant, and Fraxinus ornus is rare, may be considered under as. Syringo-Genistetum radiatae Malog 1972; on the second
ridge of Camena Mount, on the eastern slope, the situation is different: Genista radiata occurs quite often, but the bushes are
scattered. Here, Fraxinus ornus constitutes a shrub layer; those phytocoenoses could be considered a subas. of the as. Syringo-
Fraxinetum orni Borza 1958 m. Resmerita 1972, namely subas. genistetosum radiatae (Malos 1972) Popescu & Sanda 1990.

Regarding the other phytocoenoses, where the Genista radiata does not appear, we believe that it could be
treated as subas. of the large as. Syringo-Fraxinetum orni Borza 1958 m. Resmerita 1972, namely:

- subas. cotinetosum Ciocarlan 1968 to which shall be assignable some phytocoenoses from Camena (plateau),
Topolnita Gorges and Cornetul Cosustei. Those phytocoenoses occur as clumps on the rocky limestone. Around these
rocks, there are many species such as Bromus riparius, Achnatherum calamagrostis, Festuca rupestris, Teucrium
chamaedrys and numerous characteristic species of the communities from the Southeast Carpathian limestone cliffs
with Asplenium trichomanes subsp. quadrivalens and Poa nemoralis.

- subas. juniperetosum sabinae (Gergely 1958) Jakucs 1959 to which shall be assignable some phytocoenoses
from Camena.

Data from the specialized literature, field observations (structure and physiognomy of the associations, the fact that
the main edifying species is Fraxinus ornus, and Genista radiata, Cotinus coggygria and Juniperus sabina, which are
characteristic species, are at least present in the phytocoenosis that edifies their associations or subassociations) only serve to
strengthen our conviction that the classification of these types of vegetation in one type of habitat is justified. Also, the
substrate type, altitude and slope orientation these species prefer are similar in all areas, and the phytocoenoses of different
Romanian subtypes of habitat are intercalated, sometimes indistinguishable. For e.g. on the Mount Camena, there can be met
all the variants of the habitat 40A0, the phytocoenosis are intermingled, succeeding according to altitude and slope aspect. The
same thing happens to Topolnifa and Cometul Cosustei, where the variant with Genista radiate is not present.

Disturbing factors of such a habitat are represented by the degradation from grazing, when the habitat is in
contact with grassland, deforestation for increasing the pasturelands areas or cultures, arson, the entrance in succession
(in the case of secondary habitat), the harvesting blooming lilac twigs for marketing, uncontrolled tourism.

CONCLUSION

1. From the above mentioned aspects it is confirmed that the habitat is represented by the mosaic vegetation
composed of steppe meadows (6210) and forest steppe floristic elements or species of plants from rupicolous Pannonian
grasslands (6190).

2. The habitat is well represented, accompanying the Jurassic limestone alignment of the Danubian Autochthonous.

3. The status of this habitat is favourable in the examined area. There have not been identified potential threats
to the habitat, have not been noticed any parasitic fungi attacks.

4. Under natural conditions the habitat, with its various subtypes, does not require special management.
Natural habitats are located on the Natura 2000 site - protected areas.
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DATA REGARDING THE QUALITATIVE COMPOSITION OF THE CILIATES
FROM THE MURAT RIVER (AGRI REGION, TURKEY) ACCORDING
TO THE NEW TAXONOMIC SYSTEM PROPOSED BY LYNN

KERKMANN Gina Raluca

Abstract. The ciliates [rom the aquatic ecosystems of Turkey are poorly known: however. there have been identified 164 forms so
far. Protistological literature does not offer information regarding the ciliate species from the water and sediments of the Murat River.
We started our researches in 2011 and there have been identified 31 species till now: 13 forms were identified only 1o genus. The
ciliate species have a cosmopolite origin: 26 are also found on the list proposed by Capar for the Turkish fauna: 12 species are also
common with the ciliates [rom the paralitoral lakes of the Black Sea coast.

In the present scientific paper. it is presented the actual qualitative composition of the ciliates from the Murat River (Agri region)
according to the new taxonomical system proposed by Lynn. as well as some considerations regarding the former and actual
taxonomical sysiem of Protozoa.

Keywords: Murat River. Ciliates. Taxonomy.

Rezumat. Date privind compozitia calitativa a ciliatelor din Riul Murat (regiunea Agri, Turcia) conform noului sistem
taxonomic propus de Lynn. Ciliatele din ecosistemele acvatice ale Turciei sunt putin cunoscute. fiind identificate pana in prezent 164 de
forme. Literatura protistologica nu ofera informatii privind speciile de ciliate din apa §i sedimentele raului Murat: cercetarile noastre au
demarat in 2011 si au fost identificate pana in prezent 31 de specii: 13 forme au fost identificate pana la gen. Speciile de ciliate au o origine
comopolita. 26 se regasesc de asemenea pe lista propusa de Capar pentru fauna Turciei: 12 specii sunt de asemenea comune cu ciliatele din
lacurile paralitorale de pe coasta Marii Negre. In actuala lucrare este prezentati compoziia calitativa actuala a ciliatelor din raul Murat
conform sistemului taxonomic propus de Lynn ca si citeva consideratii privind sistemele taxonomice vechi si noi ale protozoarelor.

Cuvinte cheie: Raul Murat. ciliate. taxonomie.

INTRODUCTION

The Protozoa fauna of the aquatic ecosystems, especially ciliates, dominate the other groups by species
richness and density.

In most of the European countries, ciliate, fauna of aquatic and terrestrial ecosystems was rigorously
investigated: in France by DRAGESCO (DRAGESCO, 1998), in Germany by Bick (BICK, 1972a; 1972b), Wilbert
(WILBERT, 1975) which discovered a special variant for silver impregnations; other scientists, in Romania, in the last
30 years, made researches regarding the ciliates fauna of the Black Sea coast and paramarine lakes: Petran (PETRAN,
1976a; 1976b) and KERKMANN (KERKMANN 2003; 2007; 2011). However, there is another situation for the
countries of Asia, especially for Turkey, where the researches about benthic ciliates intensified during the last 20-30
years. The most detailed studies were performed by SENLER et al. (1998), SENLER & YILDIZ (1998, 1999, 2004)
who worked especially on rivers, small ponds and sewage treatment plants and by CAPAR (1997, 2005, 2007) on free
living pond and wetland ciliates (CAPAR, 2007).

GCAPAR proposed a list of ciliates including 164 species (CAPAR, 2007). In her list, there are not given
information-about the free ciliates of the Murat River; it is a poorly known ecosystem, except for some geological and
fish parasites (ASLAN, 2009; DEMIR et al., 2008). The investigations about the ciliate fauna of the river were initiated
in 2011 by Kerkmann (KERKMANN, 2012; KERKMANN et al., 2012).

MATERIAL AND METHODS

Since the summer of 2011 water and sediments samples have been monthly collected from the stations situated
along the Murat River, in Agri town and outside (KERKMANN, 2012; KERKMANN et al., 2012).

The collected samples were thermally conditioned analysed in the laboratory. The extraction of the ciliates
from sediments was made by Uhlig and Webb method (UHLIG, 1964; WEBB, 1956) or directly collected from Petri
dishes using fine glass handmade capillary tubes by Bunsen burner (DRAGESCO & DRAGESCO-KERNEIS, 1986)
(Photo 1-5).

Some species were determined ‘in live’, another were subject to vital colorations with red-neutral and postvital with
methy] green. For most of the species, there were applied special techniques to obtain permanent slides (Bodian method —
Wilbert version and Chatton - Lwoff method) (DRAGESCO & DRAGESCO-KERNEIS, 1986; WILBERT, 1975). The
importance of these techniques consists in emphasizing some infrastructural elements with taxonomic relevance.

In order to establish the taxonomical diagnosis, there were used the main protistological determinators of
DRAGESCO, CORLISS, FOISSNER and colab. (DRAGESCO & DRAGESCO-KERNEIS. 1986; CORLISS & LOM,
1985; CURDS. 1982: FOISSNER. 1984; FOISSNER et al.. 1991).
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To compare the qualitative composition of ciliates from many ecosystems, there were also consulted the
articles published by the Turkish protistologists especially CAPAR (CAPAR, 2007).

RESULTS AND DISCUSSIONS

The research activity regarding the ciliate fauna of the Murat River during the years led to the elaboration of a
list, which contains so far 31 species; however, we mention that their number enriched during the last years
(KERKMANN, 2012; KERKMANN et al., 2012) (Table 1). From 31 species, a number of 13 forms were identified
only to genus.

The ciliates from the Murat River appear to have a cosmopolite origin; so, 26 are common to the list proposed
by CAPAR for the Turkish fauna and 12 are identical with the ciliates from the Romanian paramarine lakes of the
Black Sea (DUMITRACHE-KERKMANN, 2004).

The distribution of the ciliate species into the sediments of the two stations is relatively balanced, as 20
respectively 23 species were found; 11 forms are common to both stations (Table I). The arrangement of species in
table 1. was made according to the new taxonomic system proposed by LYNN (LYNN, 2003 in: CAPAR, 2007).
Conceming the different taxonomic categories, 7 of the ciliate species identified in the Murat River belong to the class
SPIROTRICHEA (BUTSCHLI, 1859) and PROSTOMATEA (SCHEWIAKOFF, 1896) and 9 species to a superior
class OLIGOHYMENOPHORA (de PUYTORAC er al., 1974). In terms of order, most of the species belongs to the
order PRORODONTINA (CORLISS, 1974).

The old taxonomic systems for ciliates relied exclusively on taxonomic criteria, most of them established after
performing some sketches ‘in vivo’ of the ciliates. They were gradually completed with infrastructural
elements emphasized after  applying the techniques of  obtaining permanent  preparations (CHATTON -
LWOFF and BODIAN techniques and their further variants) (DRAGESCO & DRAGESCO-KERNEIS, 1986).

The comparative analysis of these different taxonomic systems (Table 2) shows the maintenance of the main
groups of ciliates according to the specific arrangement of the somatic and cytostomial ciliature with some variations of
the taxonomic rank; for example, the Order SPIROTRICHA from KAHL system became Subclass SPIROTRICHA in
the system proposed by HONIGBERG er al. (HAUSMANN, 1985; LEVINE et al., 1980).

The penultimate taxonomic system accepted by Protistological Society represents an interesting interference
between other systems proposed by de PUYTORAC, CORLISS, LEVINE and it is well synthetized in the monograph
of DRAGESCO (PUYTORAC er al., 1974, CORLISS, 1979; LEVINE er al., 1980; DRAGESCO & DRAGESCO-
KERNEIS, 1986). However, there are a lot of differences between them and the new taxonomic system, taxonomic
categories being completed by genetic criteria.

Thus, the number of classes was extended into the LYNN system from 3 to 11 and the number of subclasses
from 5 to 10. Some taxonomic categories were not changed: Class OLIGOHYMENOPHORA (PUYTORAC e dl.,
1974), Subclass HYMENOSTOMATA (TIA) (DELAGE et al., HEROUARD, 1986).

Other taxonomic categories acquired a higher taxonomic rank: Order KARYORELICTIDA (CORLISS, 1974);
Class KARYORELICTEA (CORLISS, 1974); Order HETEROTRICHIDA (STEIN, 1859); Subclass HYPOTRICHIA
(STEIN, 1859) (Table 3).

In the taxonomic system proposed by LYNN (2003 in CAPAR, 2007), there is | Subphylum, 3 classes, 2
subclasses, 3 orders, 3 suborders and 2 families that were described or re-described by Lynn and his colleagues.

CONCLUSIONS

1. In the aquatic ecosystems of Turkey, there were identified 164 ciliates according to the list proposed by Capar.

2. The qualitative composition of the ciliate fauna from the Murat River (Agri region) was for the first time researched
by Kerkmann, who proposed a list containing 31 species so far.

3. Most of them have a cosmopolite origin; 12 species are common with the fauna of the paramarine lakes of the
Romanian Black Sea coast.

4. The actual taxonomic system for ciliates is characterized by a higher complexity, as the taxonomic infrastructural
elements were completed by genetic researches.
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